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ABSTRACT 

Root growth and crop yield of G[1Jllenya, a standard height variety, 

and Kara.mu, a sE!ll.i-dwarf, spring whent were compared under 3 irriga. tion 

regimes: daily watering; infrequent (fortnightzy) watering; and 

sub-irrigation, where water was introduced into the soil profile at 

40cm, the plots being protected from rainfall. 

Root growth and development were similar between varieties apart 

from an indication that the Karamu root system was more extensive 

at depth. The threo irrigation treatments grew distinctly different 

root systa:ns which wns probably due partly to soil com:p9.ction differ­

ences between the trontments r ather than the spatial distribution 

of the soil water supply. 

Karalllu outyiclded Gamenyn because of a higher grain weight per 

ear due to higher floret viability and greater grain weight. Yield 

differences between irrigation treatments, whero the infrequently 

irrigated trea tment was superior, was due to ear population differences 

related to the differing root systems. 

With daily irrigation Gnmenyn used more water, due possibly to 

the lower l eaf water potentials developed in the crop. An inverted 

water potential difference be tween the enr and the flng leaf was 

observed during the middle of the day. 
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CHAPTER ONE. LITERATURE REVIEW. 

INTRODUCTION 

This literature review is presented in three distinct parts. 

Firstly, methods of studying root systems will be discussed, Then, 

present lmowledg-e regarding root growth and the relationships be tween 

the root system and the shoot will be reviewed. This will also 

include a section on aspects of the physiology of shoot growth with 

some discussion of the effects of moisture stress on plant growth; 

and be caus e a short statured wheat variety has been used in t his 

experiment, this part of the r eview will conclude with a section 

on the properties of semi-dwarf whea ts. The third part of the review 

will consider briefly some aspects of ,rater r e l ati --:ins of plants - the 

movement of water from soil through the plant to the atmosphere, and 

the role of the root system. 

All references cited will be understood to refer to wheat, barley 

and oats unless otherwise stated. 

1.:1. TEX:H!"IQUES FOR STUDYING . ROO T SYSTEES nr THE FIELD 

1:1! Sampling of Root Systems 

Characterisa tion of root systems in the fi eld has involved four 

approa ches. 

1. Ex:cav~ alongside the plant or crop row and direct observa tion 

of the rooting pat terns of the p lant or crop root 

system. This method was used extensively by e2.rly workers interested 

in the growth of roots under natural conditions. Heaver and co-workers 

(Weaver 1926) employed this method almost exclusively. The me thod is 

extremely laborious but it i s the only sure way of determining rooting 

depth and hence is used occasionally nowadays for this rea son. 

2. Removal of Monoliths - the pin-board method ( Schuurman & Goedewaagen 

1965) . With this method a hole is dug 

alongside the plant or crop row and a vertica l wall is shaped beside 

the root system of interest. A pin-board is placed on this wall and 

either hammered or 'jacked' into the soil so that the pins are 

completely buried into the soil f ace. The pin-board and soi 1 can 

then be cut away from the bulk soil and the soil particles washed from 
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the pin-board. 

This method has e. number of a dvantage s over " excava tion a nd 

observ:1 tion" . The vertica l distribut i on r emai ns essenti ca :::._J_y tho same 

& .J in the na tu:..·al s i tuatio:,1 and because o. fixod voluElG of soi l is 

r emov ed, qu antita tive measur ements of root mo.ss and l ength can be made .. 

Neverthe l ess because the o epth of s1:.r1:1 ling is r es tricte d by the 

dimensions of t he pin-board i t i s difficult ( a lthough not impossible ) 

to characte rise the to tl:i.l r oot syst0m do~m to the ma:dmum r ooting 

dep t h , As with the excavat ion me t hod , use of pin-boards is an 

extreme ly l aborious procedure . 

3. Core Samplin~ The majority of work involving fie ld sampling of 

r oot sys t ems in recent year s has utilis e d various 

types of cor e s ampli ng rc.ethods . There a r e t wo approaches to coring: 

( i) s hort cores les s than 1 5 cm a r e removed i n succession down to the 

r equi red depth ( Schuurman & Go edour;.agen 1965). 

( ii) an "undisturbe d" core is taken, t he 0.opt h being detor minod by the 

des i gn of the corer and the method by which i t is inserte d into the 

soil ( Baker 1964). 'l'he soil C O '°') ca n then be s ectione d into desirable 

l engths . The coring a ction can be eff e cte d Gi ther by rota ry means 

( augerin{;), or by driving the corer in to t he soi 1. ' Au cer' t ype co r e r s 

need machine power which i s general ly provide d by a t r a ctor, e . g . the 

auger corer of Kell ey e ~ . ~l . (1 947) . 'Dr iven ' typo cor er s can be 

har1mered int o re lative ly heavy soils with a su i table hand r'.lmme r or 

a sm!'l. 11 mo t orised vibra tor a s used by 1;lelbank and Williams ( 1968 ). 

Thus ' driven ' type cor e r s be i ng l oss cumborsomo can be used i n c, s t anding 

crop or on small exporimento. l plots . 

Removing n_ "driven" corer from the soil r erJ_Uir e s the use of 

tra ctor hyo.:~.-:mlic s or some form of hois-t. Ea se of r emova l from the 

soil i s similarly determine d by t he de sign of the cor er ( Baker 1964 ) . 

4 . Tra c e:i; Te chniciues - Use of raclioftctive t r 2.cers for estimating root 

distribution he s b een investi ga t e d by a n umber 

of workers particula~j Ellis (Russell & Ellis 1968, Ellis & Barnes 19 73). 

This me thod has two advanta ges which othe r fi e ld me t hods cannot pr ovide . 

Firstly, tho contribution to t he r oot sys t em of the fine r r oot members 

is include d for these are generally lost when roots are washed from 

soil s amp l e s . Se condl y , the dead roo ts and roo t s from morphologically 

simila r wee d species do not take up trac er, hence only living r oots 

are es timate d . Rubidium-86, an energetic gaiuII1a ray emitt er, i s the 

most suitable i sotope ( :i!;1lis & Barnes 1973). 



1.2B Washing Out Roots from Soil Cores 

Most workers use streams of water often at high pressure to 

dislodge soil and remove it from the roots by washing through a screen. 

With this method fine root membGrs are generally lost by being broken 

off the larger roots and washed through the screen. 

More gentle me thods are available e .g. the shaker-type washer of 

Fehrenbacher and Alexander (1 955 ) or the soil elution ne thod of 

Upchurch (1951 ). 

Nevertheless in fie ld samplings where only proportions of root 

systems can be r emoved and many samples arc taken, no practica l method 

can effectively separate a ll roots from the soil even if the experimenter 

had pa ti ence sufficient to attempt it; the finer roots which a r e 

lost in the washing out process are only a small proportion of the total 

mass although they would con tribute a higher proportion t o both total 

root length and tota l root tips or apices . 

1. 2C Root Len12:th Measurement 

The most common me thod for estima ting the length of root in a 

sample is Newman 's 'line intersection method' ( Newman 1966a). An 

improved modification of this me thod has been described by Evans (1970) 

which removes the need t o define the area over which the sample is 

spread. 

Another method involves examination of the roots exposed on the 

surface of a soil block (Melhuish & Lang 1968, Lang & Melhuish 1970). 

Indirect determinations of length and distribution of roots within the 

soil block can be made by this method. 
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hl GROWTH OF CEREAL ROOT SYSTEMS 

.L..2._._1__ P~_SI.QJ;QGJ._QAL PRINCIPLES OF ROOT GRqWTH 

1 .3.1 A. The y0getative Stage 

The morphological dcYclopment of tho cerea l root system is described 

in Troughton ( 1962). In monocotyledons the primary root originnting 

from the r ndiclo in the er:ibryo, o.nd other semina l roots belonging 

initia lly to the embryo, a r e gcnornlly supplemented with ndvonti tious 

roots thnt arise from the bnsal nodes of tho stem. As growth proceeds, 

primordin develop in tho pericycle of the main roots and give rise 

to first order l a t er als or pr imary latera ls. The first order l a toro.ls 

give rise to secondary latera ls and l nternls of n higher ordor can be 

produced. In corGa ls, l a t era ls have not been identified until division 

of the pericycle has begun, often 15 mr1 fron the r oo t a pex (Hnckett1972 ). 

The overa ll growth of tho root system or its incroA.so in weight 

is deter mined by the avai lability of a ssimilate from the shoot in the 

vege t a tive stage with growth r egulators being of minor iraportnnce 

( Hackett 1969, Stree t 1969, Hatrick & Bowling 1973, Drew£.\ , a l. 1973). 

The sources of t bis assimi la to are the lower leaves on the stma (Rawson & 

Hofstra 1969, Ryle & Powell 1972), a nd, of that assir:ii l a te transloc ~tod 

to the root system, possibly no norc thc..n one third of the to tn l is 

utilised for growth; the bul nnco i s r Gspirod (Ha trick &: Bowling 1973) 

or exuded into the exterior ~odium ( Bnrber & Gunn 1974) . 

Tho s1~ntio. l devolopmont of the root system of grruninaceous s pecies 

is nchicvod 11wi thin a frar:iowork of some r emarknb ly constant principles:r 

(Ho.ckett & Roso 1972). The r e l ations between t he total nUI'.lbor, length, 

surface o.r on , nnd volut1e of tha r oot ~embers r emains approximately 

constant during the vegeb.tive sto.ge of crm-rth. T'' is is e. finding of 

great significance in plant physiology, bocnuse it implies that the 

growth of the root system is controlled by the plant in a systematic 

way by a sophistica t ed and ns yet unknown coordinating mechanism. 

Root Elongation. 

The root tip can be differentie ted into 4 zones a long the axis 

(Br.own & Broadbent 1950, Tanton & Crowdy 1972n). The root cap is 

restricted to the first 0.4 r.un . Within the first 1 .5 mm zone the cells 

are a ll meristematic except for the cap. Behind this zone for approx­

ima t e ly 2 to 3 mm a long the axis is the e longation region and this 

zone also contains the first vascular connections - the protophloem 

(Heimsch 1951). Depending on tho species and the sta te of development 
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of the individual roots sube risa tion of the axis begins within 50 

to 100 mm from the a:pex and tho zone between the meristematic r egion 

and tho area which ma:cks thG bogj_nning of suberisa tion of tho axis, 

i s the major r egion of uptake t o ~;1 of ions nnd water ( Ta::1ton & Crowdy 

1 972a, Lauchli 1972). It is over this r egion that root hairs c o::unonly 

develop (Evan3 1973). 

It is assumed as a first approximation that tho rc..te of volume 

growth or c0ll extension in tho zono of e longation is equal to tho r ,-:?.te 

of uptnko of wa t or in·co the root in this zone ( Groac on 8: Oh 1972). 

The r osistance to wat er movonont o.cross t h·, root memb1·a:10s in this zone 

is very small and only -0. 1 bar wo.tor poten·~lal c.ifferenco is sufficient 

to drive water uptake into the ce lls ( Groaccn & Oh 1972). 

For the cell to e longate the hydrostQtic pressur e in the vacuole 

must be gr eat er than that necesse.ry to deform the cell wc.11; for 

pens Greac en n.nd Oh ca lculate that wa ll pressure will be equival ent 

to 6.0 bar a t maxinum elongation rates. The hydrostatic pressure 

necess/lry to cause e l on g.-:,.tion i s a chieved by osnorogula tion; solute 

concentration , primnrily of sugars (Brmm & Sutcliffe 1950) increases 

to lower t he osmotic potential which increases wate r uptnko into the 

vacuole . This increases the hydrostatic pr essure and thu.s ex tends 

the C8ll wall. 

Burstrom' s ( 1971 ) work has sh01,m that active o longn tion occurs 

only in t ho poriphera l layers of tho root t ip , nnd presw;inbly tho stelG 

olong:.::.tes by pnsAivo ly taking up water, filling the intercellulai· 

spaces which develop as the peri pheral cells expand . 

•-Then the root is in the soil the hydrostatic pres ;3u.re mus t also 

counteract tho pressurG app lied axtar-11n lly f' --:m the soi l i·rhich has two 

comi)onents :-

( i) Tho water potential of tho soi l water. 

(ii) The mechanical r esistance of th0 soil particles . 

Using o. ponetrometer this resistPncc co.n bo co~1p&r od directly with 

the hydrostatic pressure within tho cells. 

A number of workers (Barley ~-t· Q..l• 1965, T~ylor & Ratliff 1969, 

Lawlor 1973) have found thn t root growth is unaff ected by decreasing 

soil wo.te:r potential davm to low va lues (e.g. -10ba r in 1-Theat, Lawlor 

1973); but root growth is much more sensitive to mechanical impedance 

(Ba rley .fill· al. 1965). Greacen and Oh (1972) have sho'l'm that this is 

due to the action of osmorogulation in the cells themselves. They 

found that peas could osmoregulate with 100}6 efficiency down to -15bar 

soil matric potential i.e. d ecrements in soil matric potential were 

matched by equivalent drops in vacuolar osmotic potential. Against 
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mechanical stress the plant's osmoregulation works at only 70% efficiency. 

This explains the sensitivity of 1°00 t growth to mechanical impedance 

(Barley _0;_. al . 1965) c.nd tho :_•c1ati•:,) inscnsitiv.:_-~y of root growth 

to changes in soil water potential. 

Thus roots pro lifer/::. te in wetter zones becc.uso the r:1echanica l 

resista nce is low rather than beco.use the soil wat e r potential is high, 

and so at moderate levels of bulk soil wate r potcn tial root g:_•owth will 

be determined by me chanicnl r osist2nc e prir.1ari:i.y. H:..,-,-;:,:-..:tholcs s r ::i ots 

of ceTealG Hill not psneti·ato soil l~n~crrJ where tho mo~_:-;-cure co;.1.tont 

is very low i. e . at or b e lo,·: peru::ment ,,rilting po int U~ ·;:;_•_n c · .- nl. 1965). 

Root Br1:2:__n..9htn~ 

As mentioned previously ther e is a n apparunJ~ly fixed role. tionship 

botweon root dinensions ( Ifockott 1959 ~ 1971, 1972) ir:ipJ.~-i r:i:; tha t tho 

extension and branching o:f roo~ sy;-; trnns is a highly coo:. lli:':t'l.-c od. P:-:"Jcos s . 

In concentr o.tions of l."\inorals ~-n the soil ths".'c.: :, __ ::: a l rc,1 1ii::, ::-. d 

growth r esponse and tho nurnbe:;.• of lnte:.0 n J.s 2nd the r ·i.t o o·f: ()}:tcn::J ion 

is markedly increased ( Bar l oy 1970) o 'l'ho ph~· ,:: :· o log:i.cn l b".l:'i:J of this 

response has been invos -c;_ E;c1. t ed b~r Hn.ck:ctt ( 1972) .:::~'.1. :':' :_• o: r . , -' _r' 7_, ( 1 973) -

work which a lso sheds light on ·chc mcc~1:-mi sms by uhich :·oot rycT·rth is 

c oordina tcd. 

Concentr ations of nutrients and thoir :rnb:;,;quo:-.1t uptrJ<::0 induc es 

a loca lised r e sponse on t he Too t 2..Xi s ,rhich i':J 0i th,~ r c1 :::;t:i_mu lo. tion of 

metabolic a ctivity (j_. o . inc:·:· 0-2s cs ;' E.i j_:,.k strG:··:;t:1'') o ~ e ls ,) r,c>; -C'.) 

stimulate tho loca lised s ~rnt>-::~: is of p ·owth r.ogub.t o~~s . In bo·ci1 a l ·'.:;c:r-

the si to of l ntoral in:L tintioJ1 or being sy:~1t~-lcsiscd lr-cnlly ( Tro~; _c t~- r, 

1973). 

At prese nt, while it i s agr eed that gro·,:c}1 r cgula-coo.' :::: ar·o involved 

in the contro 1 of root grow-ch the rne chnn;_cw 2.rc a i::ubjcd of s peculat­

ion although ther e is riot:nting infomation 0 :1 the :':.o cY·ni 8::1 s of hor1"1onal 

control of root growth (Stree t 1969). 

Under conditions of nine r nl deficiency, 1;:e tabo li t os appea".' to be 

conserved by minimal production of l atera l roo ·c·1 (Dreu .9_t_. :"-~• 1973); 

e.g. deficiency of potassium complete l y inhibits the f ormation of secondary 

laterals (Hacke tt 1968). 

1 • 3,_1 B. The Re;Q~O_d~g_ti_ye_Stiy,~e. 

Many workers have noted a reduction in root we::.ght following the 

initiation of reproductive development (Troughton 1962). The ca use 

is primarily due to a reduction in assimilate translocation t c the root 
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systen due to increased compe tition for a ss i milates froI!l the meristems 

of the shoot, particularly those in the stem internodes (Ryle & Powell 

1972). During the vegetative phase r oot r:ieristoms receive approximately 

30% of the available pool of nssimila t&, but in Iolium temulc~ 

this r educes to less than 10% when the main shoot has developed an 

inflorescence and stem e longa tion begins (Ryle 1972). Assuming tha t 

two t hirds of assimilate transloca ted to the stem before r eproductive 

develo pment occurs is utilised for r espiration (Hatrick & Bmrling . 1973) 

it follows tha t maintenance of t he total root system cannot be sustained 

on changing to r epr oductive grow·th and do :-,.th of part of tho root system 

must occur. How this senescence is distributed within tho root system 

and whother laterals preferentially die i s unknown a t pr esent. 

1. 3. 2 DEVELOPMENT OF TF..E ROOT SYSTEM IN 'l1HE FIELD 

The root sys t on of cerea l plan ts 6ro;m under f avour2.b l e tenpera te 

conditions consists of two distinct systems. Of these the seminal 

(or prinory ) develops from primordia ~r es ent in the embryo. The second 

system, the nodal (or adventitious, coronnl or crown) develops from 

the lower nodes of the shoot and fr o:r. tho lowor nodes of the tillers. 

Advonti tious root fornat i on fron ench tiller occurs immedia to ly following 

initiation of growth of the ax illary hud ( Soper & r.T i tchell 1956, 

Pinthus 1969) suggesting A. direct physiological conne ction between the 

two ini tiation processes which is probably hornonal in char acter (soe 

following discussion). In most cnses nodn l root production is restricted 

to primary and secondary tillers ( Rawson & Donald 1 969). 

During tho first stages of growth tho plant is entiroly dependent 

upon tho s eflina l roots for the abs orption of wat er and • ine rals. 

Within 2 to 3 weeks the nodal roots begin ap :::-,oaring ( Pin thus 1969, 

Schuurman ~ de Boer 1970). Depending on the height of the crovm 

node, if the surfa ce soil is dry they 1::iay fail to penetrate below the 

topsoil and cease growth (Boatwright & Ferguson 1967, Forguson & 

Boa twright 1968, Passiora 1972), but subsequent r a infal l or irrigation 

re-stiraula tes nodal root develop:nent. 

Under f avourable conditions both systems develop concurrently 

during the vegetative stage. There is no evidence to suggest that the 

semina l root systen has any distinct physiologica l significance and 

studies by Willians (1962) and Boahrright and Ferguson (1967) show 

that once the plant has established n sufficient number of adventitious 

roots these are q.ute capable of supporting it and the s eminal roots 

are then simply a part of the general root system with no specific role. 
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Because of this it is unnecess::,ry to consider the separate devel­

opment of the two systems particularly since interpretntion of experinent­

al results is complicated by nost workers not considering adventitious 

root development on a per tiller basis; neither have they accounted 

for the effect of sequential tiller initiation and , later on, tiller 

death. Nevertheless in general the adventitious systea increases in 

importance and within 5 to 7 weeks it will be the greate r proportion 

of the total weight of tho root system (Schuurman & de Boer 1970). Thus 

because Ninerals taken up in any part of the root system can be trans­

loca ted throughout the plant (Willio.ns 1962), the adventitious system 

assumes incrensing importance to the plant for water and mineral supply 

as plant development progresses. 

With the cessation of tillering folJ.owing floral initia tion nnd 

the start of tho r oproducti ve stngo, root initiation stops (Pin thus 

1969), t'.lthough it nay r esw-;ie if l a t e , post-flowering tiller production 

occurs (Boatwright & Ferguson 1967). 

Root weight reaches a maxiI!lun prior to ho~ding and then declines 

until harvest , a l though some workers have no t observed a decline 

(Troughton 1962, Pinthus 1969, Schuurnan & de Boer 1970). 

The naxinim depth is r eached r el a tively eQrly in the life of the 

plant - Schuurnan and de Boer ( 1970) found their naxirnn:1 depth of 

70cm was renched by the senina l sys t en within 4 weeks. As expected 

fron the previous discussion concerning extension of roots the soil 

type is a very important det erninant of the depth of rooting. In deep 

light soils , roots of spring cerea ls penetr a te bolow 100 cm (Kirby 

& Rackham 1971, Troughton 1962), but in hen.vier soils 60 to 70 cm 

may be tho naximuo ( Trough ton 1 962 , We lkmk & Willians 1968). 

1.3,3 DISTRIBUTION OF THE ROOT SYS'l'EN 

Regardless of the rooting depth the major part of the root system 

occurs in the upper layers of the soil (Troughton 1962). Both root 

weight and number decrease markedly with depth al th~ugh tho mun.ber does 

not decrease as rapidly as weight (Bloodworth il· .Ql• 1958). Genernlly 

under f avourab l e conditions the top 30 cm contains over half the root 

system while even in light soils over 9o% of the root system will be 

within the top 100 cm (Kirby & Rackham 1971). 

Lateral distribution of plant roots has not been well characterised. 

Weaver (1926) stated that wheat, oats and barley rave a lateral spread 

of less than 30 cm although more r ecent work has shown that varietal 

differences are quite marked ( Matheson 1971,Subbiah_il• fil• 1968, 
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Pinthus & Eshel 1962). 

The distribution of crop root systems has been shown to be affected 

by a nUI!lber of soil characteristics. The principal ones are: -

Aeration - Very low oxygen l evels ( less than 1%) cnn cause dea th of 

root tips (Huck 1970) and it is like ly tha t in soils of low 

oxygen concentration (2 - 5%) distribution of the root system raay be 

deter mined by oxygEm gro.di unts particularly in conditions whor e soil 

moisture is high (Gingrich &Russell 1956). 

Soil Nutrients - As noted pr eviously roots prolifera te in concentra tions 

of nutrients and studies on fortiliser bnnding also 

show this offoct (Duncan & Ohlrogge 1958). Roo t proliferation in 

t opsoil i s nls o exp l ained by the ef fect of nu tricnts on l a tera l root 

ini tin tion nnd the dense r oo t systGr.1 in tho surfa ce layer s vas tly 

improves the uptake of low r.10bili ty ions such as phosphorous (Andrews 

& Newman 1970) . 

Soil Conpaction - The effect of soil nechnnicnl r esistance was noted 

in a previous section t o be an i ~portant f a ctor in 

det ermining root extension c1.nd hence distribution of the root syste1;-: 

( Barley .!i1.• a l. 1965). In unusually compacted soils roots r:1.ay be 

unable to penetra t e beneath the cultiv~tion depth because they aro 

unable to overcome t he mechanica l obs truction offered by the cohesion 

of the soil par t icles (Schuurnan 1965)0 Also compaction reduces pore 

space and hence gaseous exchnnge (Gradwe ll 1965). 

Moisture Status - Root growth is r elative ly insensitive to decreasing 

leve ls of soil water potential in the range down to 

-4 to -7 bc. r but be low this point there i s ll marked r eduction in most 

species of plan ts including cerea°ls ( Gingrich & Russell 1956, Newman 

1966b, Taylor & Ratliff 1969). Lawlor (1973) found that growth of 

wheat r oots stopped nt -1 Obar.· Nevertheless in some grass species 

roots can grow into soil below pernanent wilting point provided another 

part of tha root system is growing at a lower soil moisture tension 

(Salin fil .£1. 1965); annual cereals do not denonstrate this effect, 

for as with flax (Newr.1an 1966b), root growth does not appe[lr to be 

influenced by wat er potential elsewhere in the plant. 
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VARIETAL DIFFERENCES HT ROOT GROWTH 

Varietn l differcmces within species in root dinensions occur a.nd 

can be quite s~gnificant (Wea ver 1926, Pinth~ & Eshel 1962, Troughton 

& Whittington 1 969), e.g. the two barley v o.rio.ti es Maris Badger and 

Procte r studied by Hnckott (1968), or Thatcher wheat conpnrod to other 

· 1ines grown on the Cana dian Pra iries ( Hurd 1969); a lthough the effect 

of different tiller nunbers and hence ndventi tious root nunber co.n 

often a ccount for sono vnri otnl differences (Pinthus & Eshe l 1962, 

llfonyo & 11hi ttington 1 970). 

A nunber of workers have investignted the relationship between 

gonotypic differences in root gr owt h nncl gonotypic differoncos in 

dr ought t oler ance . Earliness of rw.turi ty is probably the nost i nportant 

va rinblo nffect ing dJ.•ought tole rnnco b c c ::i.uso e:irly naturing vc,rieties 

e .g. Stewa rt (Derern et .tl• 1968 ) hnvo fewer tillers; but f::1. ctors 

such ns tho r o. t e of e longn. tion into tho n oist subsoil a nd the nbili ty 

to incronse tho density of rooting at lowor depths o.ro c onpononts of 

tho proco::is of root systor:t developnont which n l so ha ve a r2.2 rked effect 

on the t1bili ty of the plant to explor e the soil for wo. t er, a nd henc e 

on drought tolerance (Hurd 1968, Derern .tl n l. 1969). 

1:li th the r ecent introduction of soDi-clwarf whoQt genotypes into 

a r nblc: f:1rs ing systems sooo compnrisons with stc.nd.'.:lrd tall vnrieties 

h2.ve been r.11:i de . Matheson (1971) considered tha t t he s eni-dwarfs 

hnd shnllowor root sys t ens which ox p lainod their disappointing y i elds 

under o.rid conditions nnd t lrnir nbili ty to r e spond to applie d nitrogen, 

but Subbinh _EU Q.1. ( 1969 ) fou..'1d thnt 2 gene dwarf Sonora had n nor o 

vertica lly ponotr n ting sys t en than tho t n ll Vt'.rieties they gr ew. 

Also thorough studies by Lupton .£! . .£1• ( 1974) conpnring semi-dwo.rf 

selections from crosses TL363 nnd TL365o. with standa rd v arie tie s 

Cappellc-Desprez, Maris Ranger nnd Maris Ni.n rod, found tha t s eni-dwnrf 

root systcr.1 s were more extensive n l though tho differences were sr.1all. 

Thus it 2.pr,ears tha t as a rule s eni-dwarfs do not have a distinctly 

different root systen to standa rd height varie ties. 

1. 3. 5. HORMONAL RELATIONSHIPS BETWEEN ROOT AND SHOOT 

The root system is a site of synthesis for all the flain classes 

of ~~owth regulators except IAA (Street 1969, Atkin §j, ~. 1973). 

While substances which ar c active in convontional auxin bioassays are 

present in the root systen (Luckw:i.11 & Whyte 1968), authorities in 

this field e.g. Street (1969) are satisfied that IAA is not produced 
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in the root systen - either fror·1 r oot tips , or the root co.p (Kundu 

& .Audus 1974) . 

Thero appear to be two gr owth inhibitors produced and the evidence 

is strongly suggest ive thnt they ar e in f act xanthoxin and abscisic 

acid, ABA (Wilkins .£1• £1.• 1974, Kundu & Audus 1974). 
Root production of growth r ogulatorn during the vegetative phase 

appears to deternino tho nechanisns of nor phogenesis and tho distrib­

ution of ass:L-:;ilnte to BeristoBs . Sor.1-e of t he processes which nr e 

controlled homonally ar e: -

(i) Root elongation and branching (Street 1969). 
( ii ) Axillnry bud growth or tiller initi1.tion appears to be 

controlled by sone nechanisn involving shoo t nuxin and root cytoldnins 

(Jewiss 1972, Langer et a l. 1973). 
(iii) The root systc1:1 i n conjunction with l eo.ves appenrs to be 

involved in GA production for sten e long:1,tion (Nicholls & May 1964, 

Rail ton & W:1reing 1973). 
The significcnce of the r oot syster1 for horeone production and 

export to r eproductive structures is u..YLJ:mo'\m . Hornonal eff ects appec.r 

to occur within the wheat o.:n ( Evo.ns tl- a l . 1972) nnd it is likely 

tha t tho hornone r oquirenents are satisfied by loca lised production 

r a t her than root production (Wheeler 1972 , Sheldrnke 1973, Hann 

_tl .£1. 1974). 
At this point it sho;_i ld bo ncntioncd thnt the GA r1otnbolisl:l of 

dwarf types is a l t or od in conparison with stnndnrd tall vnriotios 1:1nd 

the incroe.se:d tillering which dwarfs display ( Galo 8; I'<Ie.rshall 1973) 

is nppnr ently r elat e d to this , ns nr o othGr processes under GA regulat­

ion e . g . r cststanco to sprouting (Gale 1974). 

t• 



12. 

ASPE)'.]TS OF SHOOT GROWTtl 

The past five years have s een a sudden improvement in the quality 

of research into cereal plant and crop physiology. The most active 

and important area of research has been the study of the relationship 

between morphogenesis and growth of the plant and the availability 

of assimilate and growth regulators. The aim of thi s work has been 

to elucidate the factors limiting grain yield . K..-riowledge of this 

r e lationship is particukrly r e l evant t o understanding the effects of 

wat er stress on growth stages and grain yi eld . 

Two stages of development are receivine most attention because 

of their obvious i m~ortance . They are 

1. Tiller development. 

2 . Processes of gra in development . 

Thes e will now be discussed s eparate ly. Discussion of another 

important a rea, that being the interactions of temperature and photo­

period with verna lisa tion and pho tomorphogenes is will be orni tted 

because of its limited relevance. 

1 • 4. 1 • 'l.'ILLER DEVELOPMENT 

(A) Early Tiller Growth - Kirby and Faris (1972) have separa ted 

early tiller development in to two 

phases. 

(i) Initiation of growth of the axilJ.ary bud or tiller bud 

initiation. 

(ii) Growth of the bud and emer gence from the subtending leaf 

sheath. 

The evidence suggests that given an adequate availability of 

assimila t e both processes are ho r mona lly m8diated. As mentioned 

previously the initiation of tiller bud growth is apparently controlled 

by the endogenous balance of auxin to cytokinin (Jewiss 1972, Langer 

et al. 1973). 

Kirby and Faris ( 1 972) found that while a bud could be ini tiat~d, 

further growth in the s e cond phase did not necessarily follow as a 

direct consequence and they suggested that a GA mediated system 

controls this second phase. In this early tiller growth stage, tiller 

growth rates were unaffected by effects of plant density or tiller 

position also suggesting hormonal mediation rather than direct internal 

competition for assimilates or mineral nutrients. The higher tillering 

rates of dwarf whea ts (Gale 1974) also supports this proposal. 



1 3. 

(B) Stem ElongdiO_J:]; - The involvement of GA in stem elongation 

has been recognised for many years (Nicholls 

& May 1964, Kirby & F2ris 1970). GA both promotes the uptake of water 

into the internode and also promotes the transport of endogenous 

substrate into the growing region (Adams~t- ~l .• 1973). 

Nevertheless a number of pieces of evidence c omplicn.te the 

understanding of this process . Firstly, the c:;:muino dv:nrf Fhoats 

appea r to bo insensi~ive to GA for ston, e:cmgv.tion (C-'- '.l l r; & k:tr chall 

1973, Ga.le 1974). Secondly, phytochrc;1c b:n coen sho·;:n to lY.::-ticipate 

in stem eloncD.tion in chrysanthemun (C :J.they 1S7.c~) su;_.~c: ~in.:; n role 

for phytochrome in cereal stem elongntion. Also, it appears unlike ly 

tha t the lea ves can solely produce tho mas sivG concentration of GA 

recorded in the sfom during elongation ( Nic~10 llc &I-Iny 1964, Railton 

& Wareing 1973) and the root system i s probably involve d. (Atkin _o~ A1• 

1 973) . But an unknovm f a ctor fr om the lea f o J~:1or -c:1a:1 GA is r eq_uirod 

by the intercnlary meristem in tho intornodo to expres s f ul l stern 

elongation (Adams .§? .. t ai. 1973) . Elucidation of th ,.J role of phyto­

chrome in stem elongation may cl£c· -':y the r eal action of GA in this 

process . 

(C) Tiller Death - A subsb.nt.ial proport :i_on of tillors i n n 

norr.:r1l crop do not su:;_•vi·,ro to pre du.c o c.n o.'.l.r. 

The great majority of these tille r::; b0gin t o ~~ :::nosc c during tl1.J s t em 

elongation pho.se of the main stom (Puckridgo & ;;orm l d 1967? Puck::cidgo 

1968, Riveros-Rodriguez 1968 , J.a ,-rson & Donald 1969) . 

Study of' this tiller dea th ha s shown tlnt t'.·10 primo c"1 1
--:: ·) of this 

sonoscenco is the demand for nssi1,1ila t o by w~r;n into:.·c c.lr,:>'.'y moriGt oas 

i. 0 . it is a r esult of competition for assiuila to by clonr7. tinc; 

stems (Ryle & Powell 1972, Ki;:•l.:ly f: Fnris 19'i'~' , Som)f' ~e nce i s uoro likdy 

to occur in the youngest tillers as the pool of assimilate and minc_•al..3 

is preferentially utilised by the main s t om a nd pricn,1.ry Elle1•,_; . 

(Riveros-Rodriguez 1968, Rawson & Dona ld 1969 ). Thus tiJ.lei· s ,m:, r~:: :1.ce 

is determined by the production of assimilat0 , or in oth er vords 

competition for light. Hence o.n improvrment in light rela tions of the 

canopy a t this stage appea rs to bo a necessa ry prerer 'J.is i to for 

greater tiller survival. This can be achieved by s c l ocHn.g for smaller 

more erect loa ves - the productive possibiliti es of this approach 

have been shown by Berdahl _e:t:_ §1. ( 1972) who compared small and 

lnrge leafed barley varieties and increased crop fertile tiller numbers 

even though the leaf area index was 25% l ess in the eBall l eafed crop. 
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Tiller senescence provides a small source of carbohydrate 

(Lupton & Pinthus 1969) and mineral nutrient (Rawson & Donald 1969) 

to the rest of the pl ant. 

1 .4.2. PROCESSES OF GRAIN DEVELOPMENT 

Study of the f actors determining gra in yield of tho reproductive 

plant is nt present an area of concentra ted research effort . 

With whea t and b.<irley plants grown under f avourab l e conditions 

it has bee..11. convincingly shom1 thn t the whea t plant has a sink limit­

a ti on t o yield i.e. the photosynthetic aroa is in excess of gr ain 

requirements. This is a very i mportant discovery which has only 

r ecently been established by a number of workers using various 

t echniques: -

(i) 
(ii) 

( iii) 

(iv) 

(v) 

Ca lculation of net photosynthesis (Wardlaw 1971) . 

Sterilisa tion of florets (Rawson & Evans 1970). 

Growth r ate of grains (Bremner 8: Rawson 1972). 

Changing tho effective photosyn thetic a r ea by defoliation 

( Bremner 1972) . 

Comparison of differ ent varieties ( Bremner 1972, Raws on 

& Evans 1 970). 

(vi) Sterilisation of enrs in the field (Evans et. a l. 1972). 

(vii) Endogenous sucrose l evels (Jenner & Rathjen 1972 a & b). 

(viii)Shading of l eaves of ba rley in the f ield (Willey & Ho lliday 

1971 n). 

Nevertheless a number of field experi ments strongly suggest thnt 

in t he field there are source f actors which limit e;r ain yield (Willey 

& Holliday 1971 b, Thorne , Ford & Watson 1968). Grain yie ld inter­

actions with grain number and v:ain position are a t present poorly 

understood (Evans _e t a l. 1972) and may in the future be shom1 to 

influence assimila t e utilisa tion by grains . Certa inly experiments 

which have attempted t o prove that the crop is source limited by 

corre l a ting l eaf a rea and grain yleld (Simpson 1968 , Spiertz .Qi ill• 
1971) nGed to be r e-examined in the light of more recent findings on 

source-sink r e l a tionships in the wheat plant . 

Also work by Evans and Rawson ( 1970) has sho'l-m tha t i n avmed 

vari eties, all the carbohydra t e r equirements of the ear can be synthesised 

from the photosynthetic area above the flag le~f node, thus r educing 

the importance of the lower leaves for production of carbohydrate 

for the grain. The i.I:lportance of awns for increasing the proportion 

of carbohydrate produced within the ear has been noted by Tear e ~i· _Ql. 
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( 1 972) and Holmes ( 1974) al though McKenzie I s ( 1972) work sugGOS ts 

tha t very long awns may bo detrimental in t erns of grain yield. 

Char acterisation of the sink limita tions has involved invest­

iga tion of two distinct aspects of grain dovelopment : -

(i) study of the transport pathways from the leaf into the 

endosperm. 

(ii) considera tion of the inter nctions within the ear which 

determine flore t and spikelet survival and floret grain growth. 

Evans ot al . (1970) investigated tho phloem connections to tho 

ear from tho stem and although their rosul ts were essentially incon­

clusive it appears thnt tho phloem is probo.bly adequately l arge 

enough although phloem diameters may neod to be increased if plant 

breeders continue t o incrense the proportion of grain c2rbohydrnte 

which is derived fror. below t he oar . The primtry limitation in the 

transport pathway is linked with tho r o.to of sucrose transport into 

the grain; through the r achilla and the vascul nr bundle running 

along the fused 1:1.argin of the pericarp ( i. o. beneath the 'crease ') in 

each grain and then through the pigi:;iont strand into the endosperm 

(Zee & O'Bri en 1970, Jonmr & Rath j en 1972 a fl b). The development 

of the pigment strand between day 12 to day 40 from cnthosis grQdually 

s ea ls tho endosperE off and ho. l ts physiologica l development of the 

grain (Zoe & O'Brien 1970 b) . 

With regard to point (ii) o.bovo it ap11ec,rs t hat there o.re nech­

nni sms operating within tho ear which inhibit grain setting in distnl 

florets o.nd spikolets unrolntcd to the supply of assi~ilntes and it is 

suggested thnt they arc hormonal in chnr ncter (Evans fil· nl. 1972). 

Also thorc ar c unexpl a ined diff er onccs in growth r ates of grnins 

within a.~d between spikelots which suggests the hormones could be 

involved in determining relative sink strengths between grains 

(Br e:r.J.I1e r 1972, B~emner & Rawson 1972). Cytokinins, auxins and gibber­

ellins have been shown to be present in grains (Wheeler 1972) but 

their inter~cting effects on floret and spikelet survival and grain 

growth are unkno.m. 
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1 • 4. 3. THE EFFECTS OF :MOISTURE STRESS 

The underlying principle conc erning tho effects of moisture 

stress on cerea l plant growth and develo pment was first stated by 

Williams and Shapter (1955) as:-

Plant parts which ar e growing most QCtively during the period 

of water stress aro those which suffer the gre:1,test check to their 

growth. 

Fror:1 this it follows tha t the r e are periods of growth when 

there is greater or lesser sensitivity to water stress measured in 

terms of gr a i n yield. As men tioned previously a coreal crop generally 

initiates a surplus of tillers, henco suppression of tillering by 

mo isture stress has been shown to have little effect on grain yield 

(Aspinall 1964). The most pronounced effects of wate r stress occur 

in the r eproductive stage . 

For the sake of this discussion the r eproductive phas, can be 

split into two: -

1. the phase from initiation of floral primordia up to and including 

anthesis and grain set. In this period the spikelet number and 

f ertility of spikolets (and florets) is decided i. e . gr ain number is 

decided. 

2. the period of l aying dovm of starch in tho endosperm i. c . grn.in filling . 

It is during this period that nost of tho carbohydra t e for the whent 

grain is synthesised (Rawson & Ev£1.ns 1970) - the contribution frori 

carbon assimila tod before ea r emercsence is almost insignific.::mt 

( Rawson f: Hofstra 1 969). 

Th0 first phnse during which gr a in number is decided contnins 

steps which have been shown to be sensitive to water stress . Wa t or 

stress will reduce the number of spikelet primordia initiated in the 

early stages of r eproductive devolop~ent (Aspinall .21· a l. 1964, 

Slatyer 1969 , Langer and .Alrlpong 1970). Flore t primordia deve lopment 

is likawise affected (Slatyer 1969) but since so few floret prir:1ordia 

finally set a grain (r.__9.Dger & Hanif 1973) this effect is unimportant. 

The nos t sensitive phase in tho whole life of the crop plant is 

the period between ear emergence and initial grain filling ( Nix & 

Fitzpa trick 1 969, $.1'lter & GoodE 1967). .Anytime during this period 

spikelet death can occur under even acute, or very short t erm, onviron­

mental stress (Morgan 1971, Wright 1972 ). But more importantly this 

is the stage of development of the floral organs and of the process 

of flowering itself . The flowering process requires high internal 
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water status becnuse tho mechanism of flowering operates by osmotic 

swelling of lodicules, stylos and stamen fi~sn&nta (Zee & O'Brien 

1971, Evans 1964). Also pollen viability and the early stages of 

grain development are sensitive to water stress (Slatyer 1969, 

Wardlaw 1971). 

The second phase or the period of grain filling is less sensitive 

(Aspinall e t al. 1964) primarily because of the excess of nssim­

ilate which is available (Wardlaw 1971) due to the sink lil'li t3. tions 

and the relative insensitivity of photosynthesis and translocation 

to mois ture stress (Wardlaw 1971, FTo.nk ,tl nl. 1973, Brevedan & 

Hodges 1973). 

1.4.4. SEMI-DWARF WHEATS 

The use of short ste.tured cereal vnrieties with their superior 

yielding ability hns been tho basis of tho so-called 11 green r evolution11 

of the 1960s; for when t the semi-dwarf va rieties were derived f rom 

a Japanese dwarf strain Norin 10 (Vo gel_tl.Q.1. 1956, Bourlng 1965 , 

Reitz ·1970). Other imrelnted dw[.l.rf vo..rieties such as Minister Dwarf 

frot:1 Be l gi um and Too Thumb from Tibet are 2lso be ing introduced into 

bre eding progr ammes (Gnle 1974). 

The higher y i elding potential of short stntured whents r esults 

from n f ortuitous combination of .'.l rn.urrbe r of contributory f nctors 

r nther thrm to ,iny singlG dominnnt f;i.ctor (Hntheson 1971 ). 

Some of the f actors ar e :-

(i) Resistnnce to lodging ; thus tho crop can accep t nnd r espond 

to hen vier npp lic ,c. tions of water nnd for tilisers ( Syr:ie 1967, Beech 

& Norman 1968). 

(ii) Relo. tivo insensitivity to pho toperiod (Wall & Cartwright 

1974) l eading to earlier flowering and a longer dura tion of grain 

growth (Syme 1967, Matheson 1971) as long as the plants remain un­

vernulised (Hall & Cartwright 1974). 

(iii) If unvernnlised there is c. larger ear with more spikele ts 

(Syme 1967, Wall & Cartwright 1974). 

(iv) Higher ear photosynthesis due mainly to the presence of 

awns (Evans &Rawson 1970). The lower degree of mutual plant inter­

ference in the canopy contributes to a grea ter contribution of photo­

synthate by the foliage ( Matheson 1971, Thorne et al. 1969 ). 

(v) Resistance to disease, particuloxly rusts (Bourlag 1965). 



18. 

Nevertheless there are a number of disadvanta ges of particular 

relevance in more temperate r e gimes which have contributed to disappoint­

ing responses. 

(i) Marked sensitivity to vernalisa tion of Norin 10 deriva tives. 

Wall and Cartwright (1974) have shown that Norin 10 derivatives can 

be vernalised by te~peratures as high as 1s/13°c. This effect is the 

major reo.son why semi- dwarfs perform rela tively poorly in temperate 

regimes. The cha r acteristic large spikelot nunbers (up to 25 under 

favourable conditions Rawson 1970) and r e l a tive insensitivity to 

photoperiod of r1ost wheats derived fro:ci Norin 10, which lends to 

a longer duration of the reproductive phnsc, holds only if the plants 

rennin unverna lised. Teriperato ngr ononists e.g. Thorne et al. ( 1969), 

Gandnr (1970), and Dougherty .Qi al. (1974) r eport maximum spU::e let 

nunbers of only 15 to 17. 

( ii) Sha llow rooting pc1. ttcr n which is unsuitable for subsoil 

moisture extraction . (Matheson 1971 ). 

(iii) Rate of seedling emergence has been quoted often as a problem 

in the use of scni-dwarf t ype s (Allan .Qi n l. 1965) but it appears 

that i mprover;wnt s due to plant breeding hnve a lPlost e limina t ed this 

problon (Dougherty _tl nl . 1974) . 



1.!-2. ASPECTS OF THE DYNAMICS OF WATER RELJ.TIONS OF CEREALS 

1 • 5 .1 GEllERAL PRINCIPLES 

Wnter flow through the plant occurs predominantly for trnnspirat­

ion. Movonont through tho soil plo.nt nt:t:1osphere systor:1 constitutes 

et therr..1odynm1.ic contimnm 2.nd the rocont universal adoption of the 

thormodynnnic term, the w,:1ter potentinl, ho.s occurod in recognition 

of the f nct thnt w2.ter n oves a long wnter potontio.l gradients . Thus the 

field of plo.nt water r e l :J.t iori..s now has o. unified teminology (Slntyer 

& Gardner 1965) . Discussions of tho wnter potential concept occur 

in any t ext on plant water relations ( e .g. KrllI'!er 1969) a nd will not 

bo mentioned here. 

The o.bs olu to vc 1ue of water potential is -'.l t pr esent us od o. s 

,'J. quantitative indic.'.'. tor of phys i o logicn l wo.tor stress. With the 
cv'o ~-vfi.-v v~.,,,..,,.,_, 

present stci te of lmowledge the ~ of wo.ter potenti~l hns been sho~m 

to affect r10st physiological processes nncl thus !:'leasuroments of wntor 

i:otentio.J. on.'.1.ble c cmparison of r esults and experinents . Ifovorthcless 

o.s Hsio.o (1973) notos relianc e on absolui;o values of wat e r potential 

as an indico.tor of physiological weter s tr0ss needs to bo tm0.perod 

with co.ution since evolutionary nnd physiolo~icnl o.dnpto.t i on to onvir­

onnont I'1Qrkcdly inf~_uences the level of wntor potcn.ti.::.l at which water 

stress s8ts in. 

Water novm~cmt in tho transpirati on stronr.i is trea ted o.s c. cntonary 

proces ·; ['.110,logous to Ohm I s Law, first doscribod by tho r,10del of 

van den IIouort ( 1948) - tho rate of ,,re.tor flow betwoon two points 

in tho trnnspirn.tion stren.n is dotcrr1inod by tho wa t e r potontio.l 

diffor .:::nco divided by the i nped.1.nco or r esistance to flow. Al though 

the theory of r1over1cnt along potentio.l gradicmts has bccone !llOre con:plex 

(Cowan 1965, 1972) the Ohm's L.·wr m1l1.logy still foras the be.sis for 

understanding the processes of plant wnter r e l ntions even though it 

cannot be strictly adhered to in a.11 nspects (Barrs & Klapper 1968) . 

1, S. 2 DRIVING FORCE TO TRANSPIRATION 

The transpiration stroar:1 flo~m throur,-h the lea f mcsophyll and 

across the root tissues largely a long tho coll wnlls, by-passing 

the cell protoplasts (Weatherley 1970, Tnnton & Crowdy 1972 a & b) . 

The point at 1·1hich tho water leaves the l eaf is at present n subject 

of controversy. Thi traditional view was that water loss occurred 

through the stonatal pores although there were a nUJUb ur r:;,;f workers 

early this century who questioned this interpretation (see Knight 1917) . 
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Tanton and Crowdy ( 1972 b) now have suggested thnt transpirational 

water loss occurs solely through the cuticle; the transpiration 

strenm r,ioves up the anticlinal walls of the epiderr:wl cells .'.lnd 

evaporates from the cuticle nnd tho cuticle/cell wall interface though 

Tnnton and Crowdy suggest that the wa lls of the guard cells provide 

tho on jor pa.thway. This theory can still explain the observation 

thnt the r a te of wa t er loss from leaves is proportional to tho size 

of the stomo.tn l aperture ( see 'l'anton & Oroil"d.y 1972 b) and hence the 

importance of the stooata in controlling tho rate of transpirntional 

water loss is unchanged • 

. Liquid water ooveraont through the plant is driven by the differ­

ence in water potentia l from tho soil to the evaporating surfaces 

of the shoot, and novement o.s vnpour frOD the phnt is driven by the 

difference in vapour pressure . Since trnnspirntion is controlled 

in nost plants by tho stonntal aperture and the gradient in vapour 

pres sure fror.1 le ,'1f to a ir, the r o. te of wn t or movenen t through plants 

is controlled chiefly in the vapour phase (Kramer 1969). 

The r ':1.te of transpiration is determined by two f actors -

1. Environnontal components such as light i nt ensi ty, vapour pressure 

and teBpcr2ture. 

2. Abili 'bJ of the pl ant t o supply the ov~por,9. tive denand of the 

atmosphere which is nff ccted by r osistnncos within the plnnt to water 

flow primar:i 1y the stomnta and a lso the wnt cr supp ly to the root 

systen . 

By inter a ction of these f a ctors within the micro-environment 

of each l e2f in the canopy the lcc.1.f wa te r potent ial LWP is estnb lishod, 

and because the f actors.influencing the LWP can change so LWP is ·"'­

d.yik'UUic characteristic of a le~f reflecting the fluctuating effects 

of the a t mospheric environment and soil water availability. 

Tho effects of reduced soil moisture supply on LWP have been 

elucidated by a nuri.ber of workers e.g. Millar et a l. (1968), Yang and 

de Jong ( 1972) and Turner ( 1974). Atr.1ospheric rela.tionships with 

LWP and transpiration r a te have been chnr ncterised by Qany workers 

although field responses arc not well r epresented. Exariples a.re 

Yang and do Jong (1971 a ), Cary and Fisher (1971 ), Ehlig and Gardner 

(1964), Turner and Beg~ (1973) and Frank et tl• (1973). In the field 

it appears that stonatal closure does not occur until the leaf reaches 

ouch lower LWP than nany glasshouse studies would suggest ( Turner 

& Begg 1973), and hence tho inportance of stooatal resistance nay 
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often have be9n over-rated in considoring tho field situation. 

Also there is an unfortuna te l ack of inforon tion concerning diurnal 

transpirQtion reh~tionships in cerea ls. It is therefore assuned 

tha t corenl crops nre similar to other crops studied (Ehlig & Gardner 

1964, Kraner 1969, We2. therley 1970), where transpira tion is 

approxirn1te ly linearly re l a ted t o onvironnentnl evnporntive d.er:irmd 

ne{'.surcd ns not r :1diation or vapour pressure deficit • 

.As a final point the water r e l ntions of tho oar of tho cer ea l 

plr..nt have only been infrequently ncmtionod in thG li t or nture o. g. 

Doughorty (1972) and vory little is known. It appears likely thnt 

on the basis of green nren exposed t o tho onvironnon t, their transpir­

a tion r ates will bo lower than leaves be cause stona t nl density per 

unit nr on i -, 80 to 90% lower than l eaves ( Tear e e t al. 1972) r?.nd 

tho wa ter supply possib ly hns a hi gher r osi stnnco pnthwny boco.uso 

tho xylon ho.s 11 discontinuities 11 (Zee rmd O' Brien 1970 n. ). 

1 • 5. 2 ROOTS AND 1·/ATER SUPPLY TO THE SHOOT 

Dynanio Aspects .Although the bulk of wnter noving fron soil to 

p lant does so a long potential gradients it is i nportant 

to note th:1t there i s some nct abolic.::tlly-related (or nctive ) uptDke 

of wn t cr prinarily in tho r oot hair r egion (Cailloux 1972) which 

possib ly contributes to root pr essure ( Barrs 1966, Downey & Mitchell 

1971 ) • 

Recent work by Newnan ( 1969 a & b) an. cl Hnnscn ( 1974) has shown 

that the r es i s tance to water novencnt in the pnthwny froB the soil 

to the root i. c . ncross the rhizospher o , i s small and does not lirai t 

novcnent into tho p l ant until soil wa t er potentinl approaches the 

pernnnent wilting point. The r esi stnnco to water novemcnt across tho 

root systen is negligible in the zono within 6co of the root tip 

but steadily increases towards the base of the root. Thus while 

only a very sn.:i.11 potential gradient is r equired to nove water fron 

the soil into the xylem near the tip, progre::: · i.voly greater gradients 

arc needed to nave wat er a cross the root further from the apex 

(Hansen 1974). This possibly expl ains the observed diurnal pattern 

in root resistance (Wenthcrley 1970) which could be due to an increased 

uptnke by older root, as LWP~ which determines the size of the 

potential gradient within the plant (Cnry & Fisher 1971 ), decreases 

towards midday and then incrons os towards evening. 



22. 

The Effect of Root Distribution nnd Density - As raen tioned pr eviously 

root elonga tion a nd hence 

root distribution follows gr adi ents of soil noisture , provided no 

other soil factors prevent this e . g . conpa ction, and hence the root 

sys ton will orient itse lf to tho wntor supp ly . A number of workers 

( e . g . Yang & do Jong 1971 b,_ TaYlor & Klepper 1973, Durrant et _QJ. 

1973) have s hovm tha t the root sys t en cnn extr act wa t e r froo s oil 

a t i ts naxi nun rooting dep th a l t hough t hi s will occur on l y a s t he 

noro surfnce l ayers los e their amilable wo. t e r . Thus by adju s t rnmt 

of the poton t i a l gradients within tho p l ant, soil moisture ca n b e 

r enoved fron dr ying s0il down to the point wher e l eave s wi lt; t he 

potentia l grlldient b e tween soil nnd p l e.nt t hen cnnn ot be further 

increas ed as LWP ha s r eached its i:1inirn.un vn lue ; a nd the soil i s t hen 

consider e d t o be ~t the pernnnent wilting point for t he soil tYP3 a nd 

thu particular crop (Yang & de J ong 1972 ) . 

As a fina l point, studie s of r oo ting density of ce r eals has often 

l ead t o the questioning of t ho need f or such nn intense and oxtonsive 

root systen for irrign t e d condition s . Wo rk by Downey a nd Mitche ll 

( 1971 ) with r;aize sugge sts tha t oven under v ery dry soil conditions 

tho p l .1.nt can supply its trans i, i r ntivo clonands with n uch l e s s root 

syst c:1 but during do.ys of very hi gh ova porn ti v c denc.nd ( high vapour 

pre s sur e def i cit) t hor 0 a r o a dvanto.gc s in hewing n lnrge roo t systen 

as a p l o.nt with o. sm.::t ll root systoo. "co.nnot supply wn t e r a s f 2.s t a s 

it i s trnns pirod" . 



CHAPTER TWO. MATERIALS AND METHODS 

INTRODUCTION 

The experin0nt was conducted in two parts:-

1. a field experiment. 

2. A supplooentary glasshous e simul<'."'. tion of sor1e foa tures of the 

field cx1)erincmt. 

THE EXPERilvi filJ rc AL TREATMENTS 

Two wheat va rieties were chosen; Knranu, a representative of 

the seni-clwnrf type , nnd G&1enya , a standard height varie ty. Those 

two vnrietios were chosen because a pr evious experirn.mt in the 

Agronon y Dep&rtnen t h~Q shown each to bo the highest yielding vari e ty 

of each plant type . (Clements et a l. 1974 ). 

There were three irrigation treci,tnents . All soil w.::i. ter potential 

me-3.surements were nnde by tensioneters (IrroCTeters), which were 

pernanently si tun ted in at least two plots fron ench tr0:1 b::1ent. 

The tron men ts wer e: -

1. Frequent, gener a lly daily app lica tions, the a i m being to keep 

soil water potentia l, neasured .'.:t t 15 co. depth, above -0. 5 bar. Applic­

ations were nCJ.cle by watering CM . Henceforth this tron.tnent is 

designated by T (for lop soil layer irrigQted). 

2 . Infreq_uont, heavy applic<1,ti ons; applied during the eD.rly stages 

of growth when soi l .. .rater potential at 15 cn dropped be low -1bar, 

nnd later on when soil wnter potontinl at 45 c• dropped below -0.5 to 

-0. 7 bnr. A:;:,plic[',tions were likewise ea.de by watering can. This 

troataont is henceforth designated by F (for .~ully iITigated). 

3. Sub-surf:ice irriga tion. Wa ter was introduced into the p lot at 

a soil derth of approxi ma tely 45 co using 11 Viaflow 11 porous tubing, 

a porous plnstic tubing developed by Du Pont . An alkathene pipe wa s 

plnced nt 40 cm depth around tho perineter of oacb sub-irrigated 

plot. Along t he pipe at tho correct interva ls holes had been punched 

and plastic adap t ers were fitt ed into each of these holes. Sections 

of "Viaflow11 were buried in hD.nd-dug trenches at 45° to the direction 

of tho crop rows, placed over the adaptors and wired into place . The 

spacing between each parallel section of "Viaflown tubing was 25 cri. 

Thus when water was introduced into this sys ten it was ideally wa tor­

tight at ell the joins and water entered the soil by 11 sweating" or 

seeping fron the porous piping. To provide the low Y.ater pressure 
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required for operation of the systen a reducing valve was introduced 

into tho wntor supply, provided by piping water fro~ a stock water 

trough supply. The systen was arranged so that each individu._~l sub­

irrigated plot could be irrigated separately using½ inch alkathene 

piping to feed each systen from tho nnin supply. 

The effectiveness of this noans of irrigation is outlined in 

.Appendix I but it should be nentioned at this point that the syster.i 

was not co• pletely water tight and tondod to leak at the plastic 

adaptors to which the 'Via.flow ' tubing was connected . Thus the systeI:l 

used nor e wator than ideally it shou ld ho.ve , and hence no estinate 

could be no.do of crop water usage under this irrigation trea tr1ent. 

Wo.tor was applied fro• the systen to nainbin the soil W.'.1.tor 

potential, 2t 45 co, above - 0 .3 bar. Henceforth this trontnent is 

designc.ted ns S (for Sub-surfnce irrigo.tion). Tho S plots were covered 

fro• rain using plastic covers, fro~ 2 weeks after energence (see 

section on Crop Water BudgGt ) • 
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THE FIEI.J) EXPERIMENT 

The experimental site, f ha, was situated behind a stopbank 

adjacent to the Tiritea Stream on an area managed jointly by the 

Massey University Sheep and Dairy Husbandry Departments. During the 

previous three years the area had a cropping history of summer maize 

for silage and winter Tama ryegrass for grazing. (See App. 1. for 

map of site) 

The soil over the experimental area was Rangitikei silt loam 

(pers. comm. J. Pollok), an alluvial soil with a silty topsoil of 

40-50cm overlying a sandy subsoil. There was sharp definition 

between these two layers. The area was chosen primarily because the 

soil, being relatively light in texture, enabled easy removal 

of roots from the soil and a lso the absence of stonos in the profile 

facilitated the use of a hand driven soil corer for root sampling. 

2.3,.A Experimental Design and I.oyout. 

The plots were laid out in randomised blocks with 5 replicates 

( see appendix for map of site and layout of plots). Thus with 2 

varieties and 3 irrigation trentments thero were 6 plots per replicate. 

Each plot was r andomised within each block subject to the constraint 

of a "checkerboard" pattern where one va riety was always adjacent 

to plots of the other variety (see section on Crop Water Budget for 

ex1Jlane.tion). Guard rows of Gamenya were sown a t either end of each 

plot. 2m by 1.5m plots were initially laid out although subsequent 

excavo. tion (see following section on Crop Wate r Budget) changed the 

area of each plot slightly. This was nllowed for when fertilising. 

b).:.]. Cultural Aspects. 

A schedule of opera tions is presented in appendix 2·. The site 

was fenced off by 30.8.73 and the Tama sward was sprayed with 'Paraqua t'. 

The site was subsequently rotary hoed, and the following month 

until 27 .9. 73 was spent excavating the plots for placement of the 

plastic sheeting and the 'Viaflow' porous tubing {see section on 

Crop Water Budget). On this date the plots were fertilised and 

rotary hoed with a small garden-type rotary hoe. The seed was sown 

on the same date using a Planet Junior hand-sower, row width being 

approximately 1 2-1 6 cm giving 7 rows per metre and the seeding rate 

was approximately 250 kg/ha. Fertiliser was applied to all the plots 

at a rate equivalent to 628kg 30'/o potassic super per hectare (5cwt/ac) 

and 126 kg urea per hectare (1 cwt/ac). The seed of the semi-dwarf 

wheat Karamu, and standard height Gamenya, was provided by Dr. MacEwan 

of Crop Research Division, D.S.I.R. 
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:Emergence occurred from 2.10.73 (day 6) and 6 days later (from 

day 12-14) transplanting and thinning was undertaken. The plots 

were mended to an approximate between-plant spacing of 1 cm in the 

rows and watered following transplanting. The operation proved a success 

with little seedling death. A population count was taken on 26.10.73. 

Weeding was done by hand throughout. 

Because the crop was observed daily pests were a minor problem. 

The first appee..rance of aphids occurred on 27. 1 O. 73 and the crop was 

immediately sprayed with Metasystox . Argentine stem weevil began 

invading the plots by 12 .11 • 73 and on the first following fine day 

(14.11 .73) the crop was sprayed with LannatG. This was repeated on 

17.11.73 and on 3.12.73. The l~st two spr~ys also included Bonlate 

fungicide to prevent fungal infection of the emerging ear. B:ixds 

were a serious hazard and began damaging ears during harvest 2. 

Therefore as each replica t e was harvested (17.12,73 to 22 .1 2.73) it 

wns protected with plnstic ne,tting. 

On 17 .11. 73 a further o.pplication of nitrogen as uren, was made 

to o.11 the plots at a rate equivalent to 63 kg/ha (½cwt/ac). This 

was dissolved in the water irriga ted t o each plot. 

2.3.C Crop Water~ 

The following variables were accounted for in attompting to 

describe crop water usage . 

Firstly, to estimate crop transpiration as a function of total 

evapo-transpirntion, 2 replica tes of the 3 irrigation treRtmonts 

were laid out nnd kept bare of vegetntion. 'l'hese sub-plots were 

irrigated using the same criteria as the experiment'll plots and hence 

an estimate of soil evaporation was obtained. These evaporation 

sub-plots wera surrounded by guard rows of Gamenya in an attempt to 

prevent micro-environmental {if~erences between evapora tion sub-plots 

and the experimental plots. 

Secondly, in order to estimate crop water use within the plots, 

it was essential to prevent movement of watGr into, or out of , each 

plot. The plots were therefore isolated from the exterior soil by 

burying plastic film around each to a depth of approximately 70cm. 

This also allowed placement of plots beside each other making the 

layout more compact. The evaporation sub-plots were likewise surrounded 

to 70cm depth by plastic sheeting. The plastic used for this purpose 

was almost exclusively thick clear film (0.02mm thick) although some 

thinner plastic was used to complete the evaporation sub-plots. 
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Plastic film of this thickness did not rip on placement in the soil 

nor were roots able to penetrate from either side. Excava tion 

of this uheeting a ltered the individua l plot nreus somewhat but for 

practical con~nience this could not be allowed for wlien irrigating. 

Nevertheless results were adjusted to allow for differing plot 

areas . 

Thirdly, precautions were taken to prevent rain falling onto 

the S tres tmont plots . A system was built which could be erected 

to cover the plots when it r a ined and removed during fine weB. ther. 

For this :purpose plastic covers were constructed using wooden frame s 

and UV-inhibited plastic film (0.02mm thick). These were erected 

using metal standards nnd wire as a framework to support the covers. 

Covers were also placed over T plots on replicntes 2 and 5 to insure 

against the possibility of prolonged heav--.1 r a in. As noted in the 

rainfa ll records ( appendix 3) this si tur>.tion did not a rise nnd nll 

T plots have been regrouped in the results s ince it is unlikely thnt 

the covered T plots differed from the uncovered in crop water supply. 

As a rule, tho covers were erected every night and taken do1-m the 

following morning unless rain threa tenod. With regular maintenance 

the covers gave no further problems. 

Fourthly, spare tensiometers were used for purposes other than 

as indic11 tors of irriga tion r equirements. Two 15cm tensiometers 

wer e p l aced in S plots to determine tho time of the first harvest 

( see next section) . Three long ( 120 cm) t ensiometers were buried 

to 90 cm in throe plots ( a KF , KS, and nn S evaporation plot) 

to de termine ,;-1ater sta tus at the bottom of the rooting zone . 

Finally, to prevent microcJ.im::1 te diffe rences bctwoon plots due 

to the differences in hoight between Karamu nnd Gnmenya and hence 

differing evc..potr anspiration losses within tro.qtmcnts , the plots 

were laid out on a 'checke rboard' pnttorn . 

hl .. D. Experimental NcthOds . 

Evaluation of the growth nnd development of the two varieties 

mider the throe irrigation treatments involved three main hQrvests. 

Because of the time involved i n sampling root systems and washing out 

the cores harvesting took a minimum of 8 days . The first harvest 

was taken when the soil water potentinl in the S trentments reached 

-1bar at 15 cm soil depth. This first ha rvest period was further 

lengthened by rain which spread harvest 1 over two weeks from 7 .11. 73 

to 22.11. 73.. The interpretation of the results must therefore allow 

for this. 
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In subsequent harvests, the harvesting spread was unimportant. 

The second harvest was taken one week following the appearance of 

anthers on at l east 80% of ears in each plot (flowering). The 

spread in flowering permitted a spread in harvesting dates. Harvest 

3 was taken as soon as the flag leaves showed obvious signs of 

senescence. 

(i) Root Snmnling 

A soil corer was developed for the purposes of this experiment 

(see appendix 4 for details). Cores were t aken between the rows. 

In harves t 1, 4 cores were removed from each plot, while 3 were taken 

a t harvests 2 and 3. The corer was hand-r~mmed usinG a largo post 

rammer ton depth between 75 cm and 100 cm. 

The corer was then extracted from the soil using a front end 

loader atfached to a Ford 5000 tractor or a mechanicnl hoist. The 

core was r emoved from the corer and wo.s sectioned into 15 cm sections 

dovm to 45 cm, and 30 cm sections below this. The length of the final 

section wns r ecorded so tha t the volume of a ll core sections ,ms 

known. Thus there wero 5 sections from e~ch core:-

Section 1 0 - 15 cm 

Section 2 15 30 cm 

Section 3 30 45 cm 

Section 4 45 - 75 cm 

Section 5 below 75 cm. 

At h.:trvests 1 and 2, a small sample of soil was placed in an 

air-tight plastic vial for subsequent gravimetric moisture content 

measurement. 

A 16 mesh grid had been prepared (see appendix 5) which enabled 

each section to be grouped with the other sections of the same depth 

from the common plot. This system was free of the problem of desig­

nating the origin of each core section and enabled 5 plots to be 

cored concurrently. The cores were then w~shed out in this mesh 

grid, tilling a hose spray of moderate pressure . The roots remaining 

were placed in small metal trays nnd each srunple wes cleaned of other 

plant material, dcnd roots, non-wheat roots and other rubbish. The 

cleaned root samples were then preserved in 7CJ',/J ethanol to await 

measurement of root weight and length. 



(ii) Root Measurements 

Depending on the size of the srunple, the preserved roots were 

sub-sampled and root length of the sub-sample was estimated using 

Evan's (1970) method, which involves counts of intersections of roots 

on a grid of parallel lines unit distance (1 cm) npart . The sub­

sample was teased out evenly over the area of a large Petri dish in 

which the counts were made . The sub-saIBple intersections were 

meaned from 3 counts obtained by rotating the Petri dish slightly 

with each count. The sub-samp le was them blotted dry and weighed, 

as was the balance from the initia l root sample. Thus an estimate 

of tho total root length i n each sumple could be obta ined. The 

saraples fron 2 plots of each treatment chos en at r andom were oven 

dri ed at so0c for 24 hours; the mean was used to eva lua t e the root 

dry weight of each sarr:tpl o . From the dillme t or of the soi 1 core ( 6 . 2 cm) 

and the measurement of the length of ench sample the dry weight nnd 

the l ength of root could be calculated por unit soil volume . 

Tho samples from the S treatment at Harvest 2 conta ined a 

raarked proportion of dc.::td root which could not practically be r emoved 

at the tin--.e they wore preserved. Neasu!'emonts were • ado as usua l 

and the samp les from one plot of ea.ch vnri ety wer e ccrefully 11cleaned 11 

of dead root and the proportion of both weight and l ength which was 

dead wa.s found and the r esults of ::i.11 the snPJples in the S troc'.trionts 

were reduc ed by tho r e l evant proportion . 

(iii) Shoot Sampling 

At e.'.'.ch harvest plD.Ilt "tops" wero samp led prior to soil coring. 

Plants were harvested from 10 cm of 6 adjncent rows. The measurements 

made on the sampled plants differed at each harvest and therefore 

each harves t will now be considered sepnrately. 

Harvest 1 The number of plants sampled in each 10cm of 6 rows wns 

recorded as the plants were being harvested. There wns 

no problem in differentiating between individual plants at this stage. 

The sample was then taken to the labora tory and weighed. A sub­

sample was then taken for determination of dry weight percentage. 

10 plants were sub-sampled and their leaf area measured using an 

Hayashi Denko A.AM-5 automatic area meter. A further 15 plants were 

sub-sampled and on each, the number of tillers was counted. Then 

the leaves were stripped off and tho number of "initiated" axillary 

buds were counted. An axillary bud was considered "ini tinted" if 
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it was longer than 3 to 5 mm. From this sub-sample the youngest 

leaf was removed from each tiller and these were dried and stored 

for a nitrogen percentage determination by the Kjeldahl method of 

Clements (1970). This method had been slightly modified by Thom 

( 1974) and the same technique and a ·,paratus were used for the 

nitrogen determinations in this experiment . 

From the 10 plants sub-sampled for loaf area measurement, each 

stem of all tillers was preserve~y freezing for subsequent dissect­

ion of the reproductive priBordial apex. Because of the large number 

of dissections (more than 800) the stem was sliced in half along 

the axis and spikelet primordia counted on one side of the apex 

only. This was then doubled to give the total number of spikelet 

primordia . Also noted during dissection was the relative stages of 

plan t development. To enable analysis of these results this informat­

ion was then transfonned numerica lly using the following code: 

No spiko let development 

Double ridges 

Primordial c.evelopment but no stem elongation 

Numerical 
Code 

2 

3 

PrimoTdial development, stem elong~tion no nodes developed 4 

1 node developed 5 

2 nodes developed 5 

3 nodes developed 7 

Harvest 2 The second harvest was taken 1 week following anthesis and 

hence the days from sowine to harvest 2 were noted to 

provide an indication of the effect of treatment on the rnte of plant 

develoy:ment. Plants were sampled as in harvest 1 but it was impossible 

to distinguish accurately between individual plants at this stage 

and hence the term is merely used for convenience. The total dry 

weight was calculated as for harvest 1. A sub-sample of 16 'plants' 

was taken and the number of ear bearing tillers and dying or veget­

ative tillers was counted for each 'plant'. From this sub-sample 

flag leaves were collected for a nitrogen percentage determination. 

10 'plants' were sub-sampled for measurement of leaf area per tiller; 

this included all leaves including those which 1·!ere senescent. All 

ears were collected from this sub-sample for subsequent analysis . 

They were preserved by freezing. The following data were taken on 

each ear: -



1. Total number of spikelet sites. 

2. The number of spike lets which showe d full floret development of 

at least one floret i. e . the number of potentially fertile spike lets. 

3. The position of the first 'fertile ' spikelet from the base. 

4~ The numb er of 'fertile' florets in the 2 central spikelets. 

5. The nuruber of 'fertile' florets in the top 3 spikelots. 

The latter three measurements were taken to be compared with 

similar data from harvest 3 so that the viability of spike l ets and 

florets could b e examined in r e l a.t ion to the experimental treatments. 

Harvest 3. The 'plants' were harvested in 6, 10cm, row l engths as 

before a nd the number of ears were counted. A sampl e of 

15 ears was t aken and frozen ; also an estimate of crop hei ght was 

taken. At this harvest the crop was not quite mature and hence a 

further sample of ears was taken n fortnight l ate r fro!'l which grain 

weight was calcu l a ted from the weight of 100 gr ains . The nne.lysis 

of the preserved ears included the following measurements:-

1. Totnl spike let si t os . 

2. The number of grain be~ring or fertile spikclets. 

3. The position . of the first and las t spikelet which conta ined 

a t l east one gr ain, ond tho gr ain number within ccich of these spikelets. 

4. Tho number of grains in thG contrr.,l two spikelets. 

5. The total grain number per ear . 
2 Tho grain yi e ld perm could then be c~ lculated by multiplying 

the (c,ar number by the gr ain number per ear by t he weight of each 

grain. 

(iv) Water :Potential Measurements. 

These were taken using the pr essure bomb technique (Schollander 

tl .£1_. 1964, 1965; Boyer 1969). Tho pressure bomb was fully portable 

and was constructed by Rodar Precision Ltd. in Palmerston North. 

Using two different rubber seals - one with a slit and the other 

with a hole - three measurements could be taken:-

1 • Leaf Water Potential ( LWP) - by placing the excised leaf through 

tho 'slit' seal. 

2. Ear Wo.ter Potential ( EWP) - by excising the stem just below the 

ear and placing this piece of stem through the'hole' seal. 

3. Root Water Potential (RWP) - by lifting the crown and roots 

that remain with the crown, cutting the stem to leave a short length 

of stem ruid plncing this piece of stem through the 'hole' seal so 



3'2. 
that only the crown and roots are insic'. 0 the bomb. This me11surement 

is called RUP for convenience. The physiological meaning of this 

method of measuring RWP and EWT' is explored in the Discussion of 

Nothods (section 4.2). 

Three determinations wore made to determine the spocific water 

potential being measured although if these r esults showed ve!'"'J wide 

variation further determinations wore made . Throe aspects of crop 

water sk,tus wore ,3xaminod durin,1 typical hot su:~.rner d.ays following 

anthcsis . W22tor sbtus during the vegetat ive 3to. gos c culd not bo 

examined hoe2use tho pressure bomb was not available . Tho aspects 

of crop wo.tor status examined were:-

1. A comp2.1·ison between Gnmenya and Ko.rmnu on nll throe treatments 

moasaring both flag l eaf LWP and mJP. This experiment ,ms C'.)nductod 

at two times - (i) on.rly morning 2.1.74 fron 5.45 a .m. in r ep 2. 

(ii) midday 31 .12.73 from 1 p . m. in rep 5, tompornturo 27°c. 

The determinations wer e made on co.ch trcn tnen t in turn moo..su.:i.ng 

UJP first and RiTP second but altornc.ting be tween variotios . Those 

results uere nmennb l o to stntisticc.l o.no, lysis. 

2. Diurnnl change in 11'1P nnd RWP for the three trc,a tmonts of Karrnnu. 

This was conducted during 1 .1 • 74, on r ep 1. Flag l 8nf VIP wns measured 

evo-r;J hour in S - F - T tr0ntl!10nt sequence from 5 a . m. to 8 p. m. RWP 

wan r ecorded GV'3ry 2 hours from 7 a . m. Temperature ,-ns r oco:rdod 

hourly t o give ecn indirect indic.:'.. tion of ovnpor o.tivo der.1nnd. Thi:; 

value s a r e plotted on Figure 2. 

3. Diun1nl change in EWP, V.-JP nnd Hl'l'P of Karamu T tro.'.ltmcnt. An 

ini tinl survGy wns conducte d on 4 .• 1. 74 mc :--,suri ng EWP, ffT and RW:F.' 

nt 7 n . ni. . nnd 1 p . m. A more ccrap leto cha r c,cterisa tion of th:) diurno.l 

change wns mnde 5• 1. 74 on KT plo t rop 4. Moasurements wore taken 

from 6.4.5 .'.:l.m. to 7 p.m. with n break from 11 a . m. to 3 p.m. bec.:::.use 

thE"i gas bottle pres sure was loss th.'.Ul 250 lb/in
2• MoasUTom::mts were 

taken on different plmi.ts in the order LWP, EWP and m-;rp and p lo tted 

(Fig. 3). 
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2.f_. --· ..... 
THE GL_'_CSHOUSE EXPERDIENT 

This o::rporimont w::i.s conc.ucte d to clarify aspects of tho voget­

a tive growth of tho wheat crop which had shown up in tho fi e ld 

experiment . Also oi :::::o the pressure bomb had not b een avnil.'1.b le 

during the vogc t a tivo growth stngos of the fi eld expori:--ie:r..t it was 

ne cessary t o know the water status of t he p1'l.nt during t h.'] period of 

floral primcrdial deve lopment . 

Four large boxes ( 1. 51:1 b;:,r O. 6m by O. 6m) wor e construe,.:; ::: ~ and 

filled with soil te,ken fro:!l the o:z:perimento.l 

6 for photos). The throo irrigation trc.ntmonts were i t~posod using 

3 boxe s with Knr amu and tho fourth box contnined troE', t ,wnt GT 

o.llowing one vn riot a l comparison . Fertiliser n:ts wn tvred Oi.1 to tho 

plots i n solution a t the following r o. tos: -

GT and KT 60g potassic su11or - equiv. to field exp~rir:1.cnt. 

12g urea - equiv. to field expc:ri:'.'lon t. 

KF 65g pot. super 

14g uroo. 

KS 70g pot . super 

20g uroEt 

This different i o. l fortilis n tion was i ntcnc1.:::d to ir. 1y:-c-~-;:; tho 

nutrient sup:9ly to tho more r 1.tor strossod trcn, t mont r: ::.n a-·1. attempt 

to olimi nnte tho Jo~rered plo.nt mi ne r a l l c7oln vrhich ,:;::; r e, inc:!.icn t ed 

from t ho nitrogen determin..::t t i ons fror:i tllG fi eld experiment . Ono 15cm 

tensiornotor nnd one 60cJ1 t cndo1:10tor ( a t 45cn cicpth i n t :.:: ~·oil) 

wore p l n ce(:1 i n onch half of th~, box such thnt t:wy wouL~ l., :l..i,·' -:-bed 

( 6 '. ' by tho f irst snnlp ling so ,) nrn . · 

Th0 crops wor e sown in ?en rows a cross the boxes, Hi th ;· pprox­

imntely 1cm be tween plant s :;x1.cing within the ro1-,s , on 27.2.7-~ .• 

Tol.ergonco occurred on 3.3. 74. 

By the use of a time cl.,ck and 2 fluorescent light bc..:.,,l:s p lus 

two incandescent bulbs pe r bank (giving 7000 l ux per light bnn'k), 

on both sides of the glasshouse , dayl ength wets increased to approx­

imn to the daylength during t he corresponding period in the fie ld 

experiment. Also the glnsshouse use d hnd c degree of temperatur 0 

control (soe n:1,pondix 7 for de tails of daylongth and t eTipor a ture 

control). The plants wore r ogulnrly sprnyed with Malat~1:l.o:1 to control 

aphids, mites etc. 
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The irrigntion tro.::>. tmcnts bognn on 10.3.74 o.nd by 22 .3.74 

the 15cm tonsiometers in the f, t!'o,n. tment ha d reached -1 bar . All 

boxes were s ampled from this da. t8 (harvest 1) , sampling from both 

ends of tho box to give 2 results for each treatment . Unfortunntoly 

too much soil was r emoved fror.J the box containing the S tron tmont at 

hnrvest 1 C1.11d honco only 2 harvests could bo made in this tron tnont . 

The second ha rvest vKls mndo frora Ll, . 4. 74 nft er spot dissoctiono showc,d 

thn t primorcli,':.. l dovclopmcmt ws.s a lmost cooploto . A finc, l h ·.i~v-cs t 

of only ono row por box was mnde at compl e t e omorgonco o: 9e,:0 of tho 

oar s :ro:r.10.ining in the box. 

In a ll throe harves ts the root system was sampl ed a ft cl' harvest­

ing tho I tops 1 • Tl10 soil und ,)r 5 rows wns r emoved nnd n vertica l 

wall W!:'.S shnIJed beneath the 5th row . A metal box of k:nmm volu~o 

(15cB by 3.5cn by 3 .5cm) was then pressed into tho soil bekcon the 

5th nnd 6th row nnd in this way a block of soil was I'GL'lO'! :.:c'c at 1 5cm 

depths frOE'l the surface to the botton of the box . Th0so soi l blocks 

wero t hen wrapped in blnck muslin and soaked for 24 hours . r~:;10 

::· '.'Hplcs wer e gently wnshod. out o.nd preserved in 70;% n lcol:.ol for 

subc;oc;_1}.on t moasur oP1ents . Hoot weight and l cn,sth n c:::i.surc.1-:.::1Jrn 1;-oro 

nndo c.s in tho fi e ld OXJ)er imont . Als o nftor counting for :r·oot 

length t h0 mr1bor of l ntor:::i.l bra nche s on a ll roots in the sub-<::1npl o 

wore als o counted . 

l ength o.ncl wid t h of C,'1ch, obtaining tho pr oduct; nnd rnultiplyines by 

u convorf3 ion f n.ctor . Because whorlt l0avus i n t ho v egoto..t i v ·, :():nso 

n r e vory ob l or,g -t>.:: coP . .vor sion fc.cto r f or nn.izo of 0. 75 ( ricKe3 

1964) 1-n:1.s used . 

Harvests 1 nnd 2 wor e made in the following order . Plant nurabor 

per 4Ocn of row was counted in ono row with at l east 5 rows botween 

this rou nnd the end of the box . 10 pl a nts were then h2.rvos t c. l end 

tho l eaf o.ro.1. of green loaves ,ms moo.surecl . '.!:hoy wor e then dri ed 

and weighed ~nd pro served for dctor L"lin~. tion of ni trogon perccn tage . 

A f urt her s ample of plnnts was faken for apica l dissections and pr es­

erved by freezing. In ha rvest 1, 8 pl:::i.nts were sampled and dis sections 

wore r:-1a de . to determine the stage of dovc loprient of the apex . In 

harvest 2, 16 plants were preserved and dissected for cou..~ting of 

total spikolcts on each prinordia l ear . 

At hnrvest 1 and 2 just prior to shaping 'i:ho v crticnl wall for 

r emoving the soil blocks, a t the tensiomc ter depths of 15cm and 
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45 cr.1r samples of soil w0r0 removed for g".l.' (,7imetric analysis of wn t or 

contont c Also o.t harvest 1 at those clopths sampl oa of :root ,rere 

dissocted fror:1 tho soil for noasurorr.Gnt of water po ten t inl by the 

dye method. (Knip ling 1967) . Scnll samp l es of root sy s tor:'.l appro:;:­

imntely 0.1 g wero prewashed f or 15 Din in n range of ma.nr1i tol solutions 

at Oo 5 bar intervals from ~·Oc 5 bar to -3 bnr . Ea.ch snuple ",!GS then 

phced in o. smo.11 vin l with the so.me Golution o.s it ' s prowo.sh solution 

o.nd J.oft for 24 hrs befci~e wnter potcmtio. l wo.s esti:'lntod (s 'Jo 

Knipling 1967 for detaile d description of -c:1is • Gthod) . 



STATISTICAL METHODS 

Stn.tistical analysis of r e sults from tha fiold experiment was 

appro~chod using ei.na lysis of v ,-::ri nnce dori vod from a pplica tion of 

regre ssion theory and the use of linear mode ls to describe tho dnta 

(sec appendix 8 for discussion of tho sta tistica l theory unde rlying 

this l"\ethod of analysis). Tho analysis of v2..rin.."lce wns done in 

two pn.rts:-

1. All w .,rinblos me2sured in a ll h A.rvosts wore analysed between 

trontBents within harvests; this involved annlysis of vn.r ianco of 

116 l.'1easured variables i.e. 41 shoot v2rio..blos, and 25 root ve1 riables 

mensurod nt each of the three harvests. 

2. Root vnriables woro analysed between harvests within troa tr2ents. 

This involved 150 analyses of v .1.riancc i.e. 25 root variables by 

6 tro::i t riGnts. lfi th r egnrd to this second analysis, caution is needed 

in interrretc1. tion of tho r esults of st'.:'.tistico. l analys is since 

snnpling positions on the plots cou ld not be completely ro. :1.domised. 

0f the wa tor s tn tus exporiJ:1en ts o.no.lysi s was nndo on ex:periI::J.cn t 

1; that being tho compa rison between v:- ric ties experincmt. It wns 

difficult to ro.ndor,11,a e t he Divrnnl exporimonts properly with r espect 

to tl10 tine of taking rneasurmnents o.nd honco these r e sults were not 

o.:1nlysed. Regression analyses of the r esults were done on o.:i I, B.N. 

1 620 conputer using tho r egression progromnc BAR 3 ( Burr 1968 ). 

Annlysis of r esults in part 1 o.bove i. e . between tren inonts, 

was mo.de ini tio.lly to t est whe ther thQr e were signific,"'.n t tro.:,, iTtent 

effects i. o . this includud v:1ricty, irrigo. tion and interactions. A 

second conputor run was then tnken on r esults which shoHed significant 

trori. t r.'1ent effects. The vnriety sun of squo.rcs, irrigation SUI:l of 

square s nnd tho v3riety by irriga tion (VI) interaction SUD of squo.rcs 

were sepnr ::-. ted as components of tho Trcatnent s1.un of squares ::md for 

ench nn F value wns co.lculnted . Lonst Significnnt Differences between 

irrig.'.".tion tro ,". tment means were then c n. lculn t e d for moans which showed 

signific.2ncG below the 5% level. 



'"· 
CHAPTER THREE RESULTS 

The results are presented predominantly in the form of tables 

of means with the statistical analysis and Least Significant Difference 

between means of irriga tion trea tments, being included with each 

table . Both root and shoot results a re presented for each harvest 

and it must be emphasised tha t results from harvest 1 ne ed to be 

interpreted with oau~ion~ , since because of the spread in harvest 

dates there are significant differences in the stage of plant 

development. Table 7 contains an estimate of the physiological 

stage of development at the first harvest. These differences are :-

1. Karamu was more advanced than Gamenya . 

2. Gamenya F and S trea tments (GF and GS) were markedly more 

advanced than GT. 

3. Xeremu T and S treatments (KT and KS) were slightly more advanced 

than KF • 

.3....1.. CROP ROOT SYSTEM 

3.1. A Tota l Root System at each Harvest 

The tota l we i ght and l ength of root system per squar e metre is 

pr esented in Table 1. The r e a r e no v r>.rieta l differ ences in total 

weight or length. The significant differ ences occur be tween irrig­

ation treatments. At the first harvest the S treatment ha d signific­

antly less root length than the other trea tments particularly with 

Karamu which shows very l ar ge irrigation differences. At the second 

harve s t the F t rea tment had highest root weight and l ength but by 

the third harvest there were no treatment differences although the 

r esults suggest that Karamu retains more of its root syst em to final 

harvest than Gamenya. 

3.1. B ~oot Distribution at each Harvest. 

The distribution of the crop root system is t abulated. Tables 

2A, 3A and 4A contain the meaned results of dry weight distribution 

and Tables 2B, 3B and 4B contain the meaned results of root length 

distribution. At the first harvest (tables 2A and 2B) varietal 

differences show up . Karamu produc ed more root at the lowest depths 

i.e. below 45 cm although this may be due to Gamenya's earlier 

harvesting. Nevertheless Ga)llenya had a greater weight of roots in 

the 30-45cm zone and had a higher proportion of its total root mass 

in this zone and above. 
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TABLE 1. Total Dry Weight (D. W.) and Length of Root System to 

1m soil depth. 

! I Harvest 1 Harvest 2 Harvest 3 

I D. w. Length D.W. ~ngth D. W. Length 

Trt. g/ 2 m; 2 g/ 2 m; 2 g/ 2 m; 2 
m m m m m m 

GT 70.8 15498 40.6 8138 29.0 5670 

GF 74.8 14676 46.6 11180 27.2 5626 

GS 89.6 11462 45.4 9018 27.6 5416 

KT 58.4 13814 40.0 1 C664 31.8 6222 

KF 115.6 19846 47.4 11868 32.6 6908 

KS 65.8 8900 41.8 7468 36.6 7276 

I 

Statistical Analysis 

I Dry Weight Length 

I I Harvest 1 2 i 3 1 2 3 I I 

' ' · Variety I 
I 
I 
I 

; Irrign. xx X xx 

I.SD 115 72 3496 

VI intactn ! xx I 
I ; i 

LSD calculated at 5% level of significance 

x:xx significant at 0.1% level 

xx significant at 1% level 

x significant at 5% level 

I 

I 
I 

I 

I I 

VI denotes the Variety by Irrigation Tr3atment interaction. 

I 

l 

I 
! 
i 
I 
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The method of irrigation likewise affected root distribution. 

The F treatment had more weight of root in the surface layer and in 

Karamu had greater length in this zone . The S treatment resulted 

in a greater distribution of root system to lower depths in the soil 

although there was little difference between Sand the other two in 

actual length at lower depths; the effect wasprimarily due to reduced 

root length in the surface zones . 

By the second harvest (tables 3A and 3B) differences were less 

apparent . Once again S had significantly more of its root system 

at depths below 30cm. At the third harvest (tables 4A and 4B ) crop 

root systems between irriga tion trea tments were distributed almost 

identically. Karamu had slightly more of its root system at this 

sta ge a lthough the effect is significant only at the 1(1,'0 level. 

'l.'able 5 presents the root distribution data from the glasshouse 

experiment . No marked treatment differences a r c apparen t a lthough 

it appears that in the S trea tment root branching could have been 

reduced in the surfa ce layers in f nvour of branching at lower depths. 
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TABLE 2A. First Harves t. Root Dry Weight (D.W.) in each section 

of soil core . 

1-

I Variety Gamenya I Karamu 
I 

3 · i 
D.U./cc~ 

Irrig . Sect. , D.W. D.W./cm I D. W. I 
I 

as % of I 
Trt. 

of ; 
mg/cm3 rog/cm3 % of totc.l 

j core 1 total 1 I 
,--- ·- ·- · __ J _ .. ~ ... -... •-· . 

I 1 I 192 
I 

T 54.2 

I 
1 65 56 •"r 

2 99 28.0 64 21.4 

3 38 1 o. 7 I 31 1 o. 6 

4 19 5. 4 25 8.5 

5 5 1. 4 8 2.7 

100% 100% 

F 1 205 54.8 376 65 .1 

2 77 20.6 108 18.7 

3 59 1 5.8 47 8 . 1 

4 22 5. 9 34 5.9 

5 12 3. 2 13 2.2 

s 1 67 3 7. 3 138 42 . 0 

2 133 29 . 7 73 22 . 0 

3 89 1 9. 9 63 19. 2 

4 43 9.6 36 11. 0 

5 15 3,3 19 5.8 l 
- ·· ·--· •··-···- - --- ~· .. -· ·· .I 

Sta ~is<t _:i~~al .Analysis. 

-- --..... --· 
Sectn. Variety I Ir:i.· i gation 

of --·- ·-· 
core DW/ 3 As n·.; I cu13 

As % cm % ,ri th LSD with LS 
,~ -- -·----.. 

1 XXX 45.7 xx S .; r 

2 X X 

3 X XXX 14. 5 XXX 3. 1 

4 X 10.4 

5 xx 4.2 X 1.4 

I 

' 
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TABLE 2B First Harvest. Root Length in each section of soil core. 

! ' I Variety 
I 

1 Gamenya I Kara.mu I 
I . I Sect. Lengt~ Length/cm3 Length Length/cm3 rrig. 1 

Trt. of cm/cm as% cm/cm3 as% core ( 1 o-3) of total (10-3) 
of total 

T 1 5231 67.5 5145 74.5 
2 1943 25.1 997 14.4 

3 376 I 4.9 461 6.7 
! 4 139 1.8 227 3.3 

5 60 0.7 77 1.1 

100% 100% 

F 1 4998 68.1 7274 73.3 
2 1369 18. 7 1535 1 5. 5 

3 627 8.5 589 5.9 

4 274 3.7 389 3.9 

5 70 1.0 135 1. 4 

s 1 2729 47. 6 I 1937 43.5 

2 1 731 30.2 
I 

1010 22.7 
I 
I 

624 1 9 . 1 I 3 1 0.9 848 
I I 
' 4 549 9.6 <t68 1 o. 5 
I I 

I 
5 I 99 1.7 187 4 .2 ' I 

I I 

Statistica l P.nalysis 

Sectn. Variety Irrigation VI interaction 
of 

core Length As Length As% Length As % 
per cm3 % per cm3 with per cm3 

with LSD LSD 

1 XXX 1320 XXX 8.9 

2 X 753 

3 XXX 3.2 X 

4 xx 420 XXX 2.2 

5 xx xx xx 35 XXX 0.8 X 
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TABLE 3A Second Harvest Root Dry Weight in each section of soil 

core. 

I 
Variety Gamenya I Kara.mu 

Irrig. Sect. D. W. D.W,cm.3 D. W. D.W./cm3 as 

Trt. of 
mg/cm3 as of 

mg/cm3 ~ of total core total. 

T 1 98 48.4 111 55.5 
2 54 26.7 43 21. 5 

I 3 24 11.8 25 12.5 I 

4 15 7.4 1 3 6.5 

5 11 5.4 8 4.0 
I 

I 100% 1 O(Jfo 
I 

I 
F l 1 128 54.9 138 58.2 

i 2 44 rn .9 44 18.6 
I 

3 29 12. 4- 32 13.5 i 

I 4 21 9.0 15 6.3 
I 5 
i 

11 4.7 8 3.4 

I I 

s 1 106 46.8 87 41. 6 

2 52 22.9 48 23.0 

3 34 15 .o I 35 1 6. 7 

4 20 8.8 1 7 8.1 

5 14 6.2 22 1 o. 5 

Statistical .Analysis 

Sect. Variety Irrigation VI interaction 
of : 

As% DW/cm.J As% DW/ cm3 I As% core DW/ 3 ! 
cm with with LSD I 

LSD I 

1 

2 X 8.4 

3 XXX 8.8 

4 X 7.0 

5 XXX 5.0 xx 1.8 I 
I 

j 

I 

I 
I 
I 
I 

I 
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TABLE 3B Second Harvest. Root Length in each section of soil core. 

· Variety I Gamenya Karamu 
I 

Irrig, Sect~ Length Length/cm3 Lengt~ Length/cm3 
of · 3 

as% of cm/cm as <i/, of Trg. core ! cm/cm 
i (10-3) total ( 1 o-3 ) tota l 
! 
' 

T 1 ! 2291 56.3 3640 67.0 l 

2 1 988 24.3 944 17.4 
j 

3 I 485 11.9 505 9.3 

4 I 140 3. 4 182 3. 4 I 

5 l 165 4.1 1 61 3.0 
l 1 oo% 1~ l 
l 

F 1 3760 67.3 4020 67.7 

2 860 1 5. 4 840 14 .2 

3 ' l 472 8.4 675 11.4 

4 l 320 5.7 

I 
242 4 . 1 

I 

5 l 178 3.2 157 2.6 
I 

I 
s 1 2708 60.1 2079 55.7 

2 I 831 18 . 4 600 1 6. 1 

3 l 437 9.7 487 1 3. 0 

4 l 286 6.3 238 6.4 

5 l 247 5.5 330 8.8 
! 

Statistical Analysis 

' 
~I interaction Sect. Variety Irrigation 

of 
As % I Lengt~ core Length per As% Le~gth per As% 

cm3 cm with with LSD per cm 
LSD 

1 

2 

3 

4 xx 83 xx 1.8 

5 xx 88 :xx 2.0 
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TABLE 4A Third Harvest. Root Dry Weight in each section of soil 

core. 

I 

Variety i Gamenya Karamu 

Irrig, Sect .I D. ~1. D.W./cm3 D.W. D.W./cm.3 as 

Trt. of 
mg/cm3 as% of mg/cm3 % of total core total 

T 1 78 53.s 81 50.9 
2 32 22.1 35 22.0 

3 I 18 12. 4 24 1 5 .1 

4 9 6.2 14 8.8 

5 8 5.5 5 3. 1 

10~ 100% 

F 1 71 52.2 87 53.4 
2 32 23.5 38 23.3 

3 17 12. 5 23 14 .1 

4 9 6.6 11 6. 7 

5 7 5. 1 4 2.5 

s 1 59 42. 8 85 46. 4 

2 33 23.9 44 24.0 

3 23 1 6. 7 21 11.5 

4 14 1 0. 1 19 10. 4 

5 9 6.5 14 7.7 
.. 

No statistically significant differences exist. 
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TABLE 4B Third Harvest. Root Length in each section of soil core. 

: 
Variety ! Gamenya Karamu 

Irrig. Sect.I Length Length/cm3 Length Length/cm3 

Trt. of cm/ cm.3 as% cm/cm3 as % of core 
10-3 ) ( 1 o-3) of total. total 

T 1 1548 54.6 1557 50.0 

2 543 19.2 633 20.3 

3 460 16.2 484 15. 5 

4 169 6.0 316 1 o. 2 

5 115 4. 1 1 21 3.9 

100% 10076 

F 1 1 614 57.4 2126 60.0 

2 589 20.9 688 19.4 

3 308 1 o. 9 437 12.3 

4 182 6.5 207 5.8 

5 120 4.3 83 2.3 

s 1 1310 48.4 1999 54.9 

2 546 20.2 789 21.7 

3 451 1 6. 7 402 11 • 1 

4 237 8.8 261 7.2 

5 1 64 6. 1 187 5.1 

I 

No statistically significant differences exist 



TABLE 5. Glasshouse experiment Root data. Dry Weight (mr), Length (L) 

and Branches (B) per cm3 in each section as %a,ge of the 

total. 

Harvest 1 I Harvest 2 Harvest 3 

Trt. 

I & DW L B DW L B DW L B 

I Sect. 

KT 1 40.2 57.6 70.6 32.0 34.9 66.0 43.0 45.2 61 .6 

2 23.3 18.3 13.5 1 9. 1 31.5 7 . ti- 21. 8 17. 7 12. 9 

3 19. 1 19.4 12.9 22.0 16.8 9.2 13. 4 11.9 8.3 

4 1 7. 3 4.7 3. 1 27.0 16.8 17. 4 21.8 25. 1 17. 3 

100% 100% 1 0CY;b 1 oo;s 100% 1 0O;o 10~ 1007i; 100% 

KF 1 54.3 64.5 73. 4 51.5 53. 5 72.s 51.5 58.1 82.6 

2 20.5 17. 4 11.0 1 5. 2 1 6. 4 12.0 14. 9 1 5 .1 9 .1 

3 1 o. 3 9 •. 8 8.0 15 .2 12.0 8.3 1 L'r • 3 11.8 4.0 

4 14.9 9 .1 7.6 18. 3 18 .1 6.9 19.3 15.0 4 .3 

I 

KS 1 48 .1 51.3 56.9 47.0 tt0 . 6 62. 4 

2 21.3 17. 0 15.7 17. 5 17 .8 14. 4 

3 18.7 15.9 14.6 1 6.9 16. 7 12.6 

4 12.0 15.8 12 .8 18.7 2,1r .9 1 o. 6 

GT 1 51 .2 63.5 81 .9 40.8 49.8 71.6 49. 3 63.9 84.0 

2 21.0 14 •. 2 8.2 1 4 . 1 10.9 9.5 16.3 7 .1 2 .1 

3 14.8 13.9 5.3 18.7 1 s. 7 9.2 1 6. 3 15. 7 8.3 

4 13.0 8.5 4.7 26.3 20.5 . 9.6 18.2 13.4 5.6 



3.1.c. Crop Root Development. 

The analysis of root data between harvests for the field experiment 

is presented on table 6. There is a significant reduction in both 

total weight and length for all trea tments at each harvest but the 

drop from harvest 1 to 2 is in most cases the greatest. This 

reduction in root system is predominantly due to decreases in 

weight and length in the surface layers down to 30cm. 

Examination of Figure f from the glasshouse experiment shows 

that this reduction in the root system begins approximately at the 

time of stem elongation in the crop. 
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TABLE 6. Statistical analysis of Root data between harvests within 

treatments, with Least Significant Differences. 

I 

Treatment GT GF GS KT KF KS 

Total DW I x 162 XXX 88 XXX: 72 X 90 XXX 114 xx 64 

Total L Ix 4062 X 2752 xx 1508 X 2264 xxx2028 

I 
DW by sec~ 

1 X 47 X 41 X 34 X 29 XXX 37 

2 XXX 8 XXX 14 X 11 XXX 15 X 9 

3 xx 9 XXX 11 X 7 xx 11 

4 X 5 X 9 xx 6 

5 X 4 X 3 

DW as% 

1 X 4-5 

2 I 
X 2.3 

I 3 X 2.5 

4 X 1.9 

5 X 1.7 

L by sect 

1 X 1191 X 1338 X 754 X 11 61 XXX 961 

2 
I 

xxx137 x:x:245 X 112 X 319 

3 X 117 

4 

5 X 30 X 36 X 55 

Las% 

1 X 7.9 

2 

3 X 3.5 X 2.8 

4 X 1 .8 xx2.1 

5 X 1.0 xx 0.9 X 1.5 
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2.4 

2.2 

Total Dry Weight (g x 102 ) 

2.0 

1.8 

1.6 

1.4 

1.2i 
6.5 

6.0 

5.5 

Total Root Length (m x 104 ) 

5.0 

4.5 

4.0 

3.5 

3.0 

11 

10 

9 

Total NumlJer of Branches (x106 ) 

8 

7 

6 

5 

Figure 1 

2 
Harvest 

KT 

GT 

F 

3 

F 

KT 
GT 

Crop Root Development in Glasshouse Experiment (per m2) 

Note: Only two harvests for treatment S. 
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~IOOT P.ESULTS 

Results of shoot measurements are pres-:,mted for each harvest 

on tables 7, 8 and 9. It is clear from the first harvest results 

(Table 7) that the irrigation treatments have distinct effec-L.3 on 

shoot development. 

Although the initial plant populations did not differ, ' )J the 

first hnrvest the F treatments had significantly les .J pL"' ':l.+s '., or 

unit ar Ja . ':':i.:is reduction in plant pc:pulntion is no ·~ ::- :::f: ~-:-·,.:.. ci ::.n 

Lhe tiller population because tlle F treatment had significnn·~ly 

more tillers per plant than the other treatments. Ne78rtheloss 

from a 11 t test" on the regression coefficients provided for in 

the statistical ana lysis the T treatment had significantly rcore 

tillers per arG __ (P of0.1%) t han the other treatmen'c:J . It J!'t:.;Jt 

also be noted that Knramu ini tiatcd more axillary bud c'.. ov J lop..:cnt 

than Gc1.menya, and F more than T and S al though thisv:-- -:: n ot t·s .. :.1.::: 1
_/". tod 

into increa s ed tiller numbers per aroa . 

The dry i,~:3ight productivity was also affected by irriga ·~ion 

treatment allowing for GT having an e~rlier physiological ' a ge' 

than the other treatments. This was due directly to the production 

of foliage as seen from plant lea f area nnd LAI results. 

The most important result fro:-:1 h::J.rvest 1 is the dat.J. fr .. ~ :--.~~~_c r> l 

dissections 1.:1ich showed a ::,ignifica n t gra da tion of decreasin~ ::::p :· :rnlet 

number from T to F to S. The sign~.ficant vnrietnl effect can be 

explai-,.ed by the earlier harve:::: ting of Gamo:1Ya particular GT. 

Finally, leaf nitrogen pe rcentage was slightly lover in t he S 

treatment at harvest 1 and fr c::i. n 11 t t est" on regress:.on co eff:i.cisn ts 

this effect is statistically s::.~nificant (P of(3.9~~). 
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T.ABIE 7. First Harvest. Shoot Data 

T-reatment ! GT GF GS KT KF KS Signif. 

I & LSD 

Variable 

Initial plant 795 778 784 745 697 700 NS 
2 

Popn/m 
I 

Harvest 1. I 

2 ' Plant Pop/m ! 651 572 656 670 476 602 I xx 54 
I 

Tillers/plnt 2.5 2.6 2.2 2.5 2.9 2. 1 I x o. 3 
Axillary 2.2 2.3 1.9 2.9 3.6 2.5 V XXX 

buds/plant I X 0.4 

Tillers/m2 1628 1487 141l3 1675 1380 1264 NS 

DW/m2 
379 485 359 575 436 414 V X 

I Ix 62 
I 

VIX 

I Plant Leaf 
i 
I 83.5 71-,. 1 1 56. 4 124.3 76.8 V XXX 

t 2 
184.3 

Area ( cm ) I I XXX 1 6. 3 

! VI xx 

L.A.I. 5.5 4.7 4.8 1 0.2 6.0 4.6 V XXX 

I XXX 1.0 

I VI xx 

Stage of I 3.2 4.3 4.2 4.8 4.6 4.9 V XXX I 
I 

Develpmt I I xx 0.3 

I VI xx 

Spikelet 1 5 .1 15.5 13. 7 17. 6 15.4 111,.1 V x 

primordia I XXX 0.8 

per tiller VI x 

Nitrogen 4.3 4.0 4. 1 4.5 4.0 3.8 NS 

% age 



52. 

Data from the second and third harvests (Tables 8 and 9) 

continue to show significant trea tment effects. The S treatment 

significantly increased the rate of crop development and this treat­

ment reached flowering approximately 4 days beforE: F which was 2 

days before T. Death of tillers occurred from harvest 1 to 2 and 

after harvest 2 there was only a small decrease to the finnl ear 

population which showed no significant treatment differences apart 

from a suggestion that F had higher enr numbers. 

Crop dry weight showed the same trentment gradation ns in harvest 1. 

The difference between T and F was due primari:cy to their differing 

tiller populntions as the leaf area per tiller was similar; while 

S was lowest because of a significantly lower leaf area per tiller. 

Irrigo.tion effects also showed up in the length of the top internodc 

and final crop height. 

Ear DatR. Ear data from harvest 2 and 3 show a number of important 

tre :s.tmcnt effects. The total number of spikelet sites 

showed a treatment gradation from T to Sas expected from results of 

apica l dissections a t harvest 1. The increase i n spikelet site number 

from harvest 2 to 3 indicates that tiller death over this period 

eliminated tillers with f ewer spikelets than average (for the specific 

crop). Also the number of fertile spikelets showed a decrec1se from 

T to F to s. Comparing the count of the number of sterile spikelets 

at the base of the ear between harvest 2 o.nd 3 it is also apparent 

that death of tillers eliminated those with more thnn average sterile 

spikclets. There was still significantly more sterile spikclets in 

Knramu than Gamenya which accounts for the lack of difference between 

varieties in the number of fertile spikelets even though Ko.rnmu had 

more total spikelet sites. 

While Gamenya had more florets developed in spikelets nt 

harvest 2, Karamu with a lower total abortion of florets set more 

grains per spikelet than Gamenya. Finally, the grain number per ear 

at harvest 3 reflected the effect of irrigation treatment on 

fertile spikelet number and showed the T to F to S treatment grad.D.tion 

decrease. 
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TABLE 8. Second Harvest. Shoot Data. 

Treatment GT GF GS KT KF KS Signif & 

U.:D 

Variable 

Days to H2 76.8 74. 4 70.2 75.6 73. t1i- 69.4 I XXX 1.4 

VI X 
I '.) 

i Ui i Ears;m- 849 924 
I 

•i028 i084 852 Ix 98 
Total tillerf 1288 1150 1443 1269 1084 1344 I x 1 .t1t2 

2 perm 

D.W./m2 1651 1493 1342 1657 1437 1167 Ixxx 108 

Leaf No/ eared 3. ~ 3.6 3.6 3.3 3.4 3.5 NS 

tillers 

Leaf .A:rea/ 58. r 61.9 29.8 63.1 59.6 25.2 I XXX 7.2 

eared tiller 

(cm2) 

L. A.I. 6 .1 5.2 2.7 6. 4 5. 4 2.2 V X 

I XXX 0.9 

Top internode 33.6 35, 4 31.7 30. 4 32.7 31.5 V x 

l ength (cm) I X 1.5 

Flag lec-tf N 3.7 3.7 3.7 3.8 3. 4 3,6 NS 

% age. 

Ear Data 

Spkl t. sites 1 7 .2 16.0 14. 5 18.3 17 .4 1 I). . 0 V x 

per ear I XXX 0.6 

VIX 

Fertile 14.8 14. O 12.6 14.6 14. 2 11. 0 I XXX 0.7 

spklts/ear 

1st fertile 3.7 2.9 2.9 4.7 4.2 4.0 V XXY. 

spklt. IX 0.4 

Fert. florets 

in central 3.0 3.3 3 .1 2.8 2.9 2.6 V XXX 

spklt. 

Fert. florets 

per spklt at 1.6 2.1 2.1 1.5 1.7 1. 7 V xx 

top of ear Ix 0.2 



TABLE 9. Third Harvest. Shoot Data 

Treatment GT GF GS KT KF KS Signif. & 

LSD 

Variable. 

E.ars/m2 845 994 945 898 922 882 NS 

Crop Height 100 101 91 78 74 68 V XXX 

( -- \ I I XXX 3.6 
\ '-'ill/ 

Ear Data 

Spklt sites 18.0 1 6. 3 14.5 18.4 17. 7 14.8 V xx 

per ear I XXX 0.5 

Fertile 1 6.4 14.5 12.6 1 5,4 14.9 11.9 T XXX 0.6 ~ 

spklts/ear 

Spkl t posi tn 2. 4 2.7 2.8 3.7 3.7 4 .0 V XXX 

of 1st grain 

Grains in 1s 1.9 1.7 1.6 1. 7 1.7 1.7 NS 

fert. spklt 

Positn of 

l ast grain 1.2 1.2 1.1 1.3 1 • 1 1.0 I xx 0.2 

(from top) 

Grains in 1.2 1 • 4 1.3 1 • /~ 1 • 5 1.5 V x 

last spklt 

Grains in 2.5 2. 4 2.6 2.8 2.9 2.6 V XXX 

central spklt 

Grain no. 35.0 29.8 27.1 36.0 34.8 25.9 I XXX 2, 1 

per ear 

Yield Data 

Weight per 36.2 37,3 38.6 39. 7 40.8 44.0 V XXX 

grain* (mg) I xx 1,4 

Grain Yield 1.27 1. 11 1.05 1.43 1.42 1.14 V XXX 

per ear (g) I XXX 0. 09 

Grain Yield 1055 1100 991 1290 1309 995 V X 

(g/m2) Ix 148 

* At 13,2% moisture content. 



Yield Data 
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KarD,t!lu showed significantly heavier weight per grain than 

Gamenya and a treatment gradation i~crease from T to F 

to S opposite to most other variables. This incrensed weight per grain 

of tho S treatment nevertheless did not equalise the lowered grain 

number per oar and the S treatment had significantly lower grain 

weight per ear than the two other treatments. KarllJllu had heavier ear 

than Gwnenya because of a higher grain weight. 

In tota l grain yield Karo.mu outyielded Gamenya, The S treatment 

had n significantly lower gruiu y .iE: lu tlmn the o ther3 ltnd F h~d c 

slight yield advantago over T due to its slightly higher ear number. 

Tho results from the glasshouse experiment (Tahle 10) largely 

support the results obtained in the field, al though there was 

consid..e»ably higher initial plant population• almost no tillering and 

a higher ear number than in the field. Most importantly• apical 

dissections substantiated the effect found in the field experiment 

with a t:N-aimsnt gradation deo!'€ase from T to- F to S in tpikelet 

primordia. 



TABLE 10. Harvest data from Glasshouse Ex:periment. 

Treatment KT KF l KS GT 

Variable 
I 
I 

I I Harvest 1. 

Plants/m2 
1357 1411 1321 1339 

DW/m2 
197 154 126 216 

I 

Leaf Area/plant 40.8 30.9 23. 4 39.5 
( cm2) 

L,A.I. 5.5 4.4 3. 1 5.3 

Lenf No./plmit 4 5 4 5 

Plant Development 3.0 2.6 1.9 1.4 
Leaf N 1o!J.ge 5. 1 5.3 4 . 4 4.1 

Root Water PotentiaJ 

at 15cm 0.3 0.4 0,7 0.5 

at 45cm 0.4 0.5 0,4 0. 4 

Harvest 2. 

Plnnts/m2 
1286 1411 1321 1339 

Tillers/lll2 1286 1446 1321 1464 

DW/m2 292 361 233 366 

Leaf Area/tiller 51.5 53.2 36 .1 5;.7 

(cm) 

L.A. I. 7.2 7.5 4.8 6.6 

waf No./tiller 4 4 5 
. 

) 

Spiklt Primordia 16. 7 15.0 12.2 16.9 

per tiller 

Flag loaf N 1.lltge 3.4 4. 1 3.6 3.1 

Harvest ~-
F.a "/ 2 rs m 1179 1179 1250 

Flag leaf N %age 4.2 3,3 4. 1 



,l"1 CROP WATER STATUS 

3.3.A. Crop Water Bu.46et 

The total water irrigated on to T and F trentments is presented 

below. 

TABLE 11. Amount of water irrigated to T and F between 16.10.73 

and4.1.74. 

Treatment GT GF KT i KF 

Totnl water 

irrigt,tGd (L/m2 ormm) 186 140 148 I 143 

Extra water added to 

covered T plots 24 20 

During this time 136 L/m2 wns added to the T evaporotion sub­

plots and 34 L/m2 was added to the F evapoyntion sub-plot. R~infnll 

over this period wris 130 mm ( or L/m 2 ; see appendix 3). Following 

normal hydrological practice (pers. comm. D.G. Bowler) 4-5 mm was 

subtracted from each da ily rainfall to a llow for interception, 

suspension in the crop and re-evapora tion. This reduces the rainfa ll 

to approximately 30 mm which was only slightly more than the mnount 

added to the covered T plots. 

From table 11 it is apparent that irrign,tion trea tment T used 

more water and that GT used more than KT, nn effect which was nlso 

shown in the glasshouse. (Table 12 below). 

TABLE 12. Water usage in glasshouse experiment, 1.3,74 to 31.4.74, 

Treatment GT KT KF 

Water added 

per box (L) 93 86 59 

3,3.B . ,. Plant Water Status 

1 • Compar!son between Gamenya and Karamu, The results of this 

comparison a.re presented 

in table 13. In all treatments Gamenya had lower LWP than Karnmu. RWP 

differences were less marked. In most treatments Gamenya had lower RWP 



TABLE 13. Varietal Differences in Flag Leaf Water Potentia l and 

Root Water Potential (bar) 

Associa ted with each pair of means is the leve l of significance 

of the varietal difference. 

Approximate Time of WP Determina tion 

Irrig. 

Trle Var. WF 6 A.M. (sunrise) 1 P.M. 

T G LWP - 4.1 X -17.3 NS 

K -2.8 -15.9 

G RWP -1 • 1 NS - 2. 4 NS 

K -1.1 - 2.0 

F G L1'1P - 6.1 X -17.5 X 

K - 4.0 -1 4 .0 

G RWP -1.5 NS - 2.7 xx 

I{ -1.3 - 3. 4 

s G LWP -7.6 X -17. 4 X 

K -5.9 -18.5 

. G RWP -2.6 X - 5.8 X 

K -2.2 - 2.8 



than Karamu except for the F trea tment at midday where the difference 

was reverscd. 

2. Diurnal changes in LWP and RvTP of irrigation treatments. From 

Figure 2 there appear to be three distinct phases in the diurnal 

cycle in LWP. 

(i) A rapid decrease in LWP to 10 a.m. 

(ii) A reduced rate of decrease to a midday minimum. 

(iii) A rapid rate of LWP increase af ter 3 pm. 

RWP mirrored these changes but not so dramatically. There were 

treatment differonces but they were relatively unimportant in 

absolute terms. 

3, Diurnal changes in EWP, LWP and Rl'TP. The important feature of 

this comparison dey; -' ~ ted in 

Figure 3 was the 'cross-over' effect when LWP decreased at a more 

rapid rate and r eached a lower minimum than EvTP at midday. 

4. Glasshouse results during vegetative growth. The results of the 

determinations taken 

at harvest 1 and 2 in the glasshouse experiment are presented in 

Table 1 t'r • Ap.'.ll't from low LWP of the lowest leaves which could be 

due to senescence, there was the expected gradation of decreasing 

LWP up the stem. Once again LWP of Grunenya was 1 ower than Karrunu. 

Also of importnnce was the grndntion of decreasing RWP from T to F 

to S. Those vn lues gave some indica tion o.s to the water potentia l 

in the np0x at the time of flora l primordial development during 

the field experiment. 
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Figure 2. Diurnal Change in Flag Leaf Water Potential (LWP) and Root Water Potential (RWP) of T, F, and S 
Irrigation Treatments obtained during the Grain Filling Stage of the Wheat Crop. 
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Figure 3. Diurnal Change in Flag Leaf Water Potential (LWP), Ear Water Potential (EWP) and Root Water Potential 
(RWP) obtained during the Grain Filling Stage of the Wheat Crop (Dotted lines are estimates) 



TABLE 14. Water Potential Measurements from Glasshouse Experiment 

I 

Treatment KT KF KS GT 

Measur~ment 

Harvest 1 • ; 

LWP 1* -3.1 -3. 7 -6.1 -4.0 
LWP 2 -3.0 -3.5 -3.8 

LWP 3 -3-9 -4. 7 -5.8 
RWP -1.2 -2.6 -3.7 -1 .1 

Harvest 2. 

LWP 2 -3.9 -5.0 
LWP 3 -3.6 -3-7 -5. 7 

LWP 4 -2.8 -4.8 -3.5 -7.5 
LWP 5 -5-9 -5. 4 -3.6 

·1WP 6 -5. 7 

RWP -1.8 -2~2 -3.0 -2.0 

* refers to leaf position number i.e. leaf 1. 

Blank positions indicate either dead or dying leaves; or 

immature leaves. 



CHAPTER 4 DISCUSSION 

INTRODUCTION 

Before formaily discussing the results some points re la ting to 

the conduct of the experiment and the methods used need clarification 

and qualification. 

4.2 EXPERIMENTAL ME THODS 

4. 2 • A Roo~t~ amp_;J,in~ 

The core s ampling of the root systems and the medium-pressure 

washin~out of the cores involved an inevitable loss of fragmented root 

members and fine latera l roots. Visual inspection of washingssuggest that 

this loss was significant particularly with regard to r oo t length. 

Thus quantitative comparisons with publis hed r esul ts cannot be safely 

made unless the methods of sampling are identica l ( Troughton 1962). It 

is assumed that i n t hi s expe riment the errors wer e constant across the 

expc:• i,-,0:1-'.;"l l trea tments. 

Secondly, a lthough the corer could not be t aken down to the 

maximum rooting dep th, an approxi ma te 1 metr e-deep core was taken and 

it is therefore safe to as s ume tha t over 90% of the roo t system was being 

sampled (Troughton 1962, Welbank & Williams 1968 , Kirby & Ra ckham 1971 ). 

Finally, corapaction of the core was sligh t , provided coring was 

stopped when movement through the soil was markedly r educed. Appendix 

4 describes the corer and its use. Core compaction was assessed by 

comparing the l ength of t he core with the dep t h t o which the corer had 

been driven. Adjustmen ts were made in s oction:i ng the core if noticeable 

compaction had occ1J,'red. This a rose only in a f c , "·· <:ances during 

harvest 1. 

4.2. B Shoot Res~ll~ 

Rusting of the crop was first noticed in GS plots following the 

second harvest and by the third harvest all plots were infected although 

Karamu was markedly less affected than Gamenya. This may partially 

account for Gamenya's lower grain weights, although the S treatment 

which was the wors t infected of the irrigation trea tments had 

highest grain woj -:h-'cs. 
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4.2.c Crop W5Lt_er Budget 

The nonsurenent of soil water status by t ensiometer is now a 

recognised and respected technique under high soil moisture conditions. 

The relationship between soil water potential moasurcrnents by 

tensiorneter and gravinetric noisture content determination is discussed 

in appendix 9. 

As noted in section 3.3.A water loss by T evaporation sub-plots 

gives meaningless results probo.bly due to the complete difference in 

the nicroenvironnent . Nevertheless the evaporative loss from the T 

treatnent plots must have been a considerable proportion of the total 

evapo-transpirative loss accotmting partially for the greater water 

use by the T treatment crops. For the F trcatr:ient not mure than 2a/o 

of crop water loss was soil evaporation. 

4.2.D Plant w~tor ~~ 

While tho pressure bonb t echnique is widely used for measurement 

of leaf water potential , use of the technique to neasure the water 

potential of other plant parts is less coonon (Gee et al. 1974). 

Pressure bonb measurenent of root water potential has in the past 

produced vari ab le and questionable r esults (De Roo 1969, Gee et al . 1974). 

Measureocn t of root water potentia l in this experiment involves 

important differences with previous work. Firstly, the plants were 

grown under field conditions. Secondly, because the plant was torn 

froo the soil, only a soall proportion of tho root systen was 

rer,1oved with tho plant and dnI!laged root syston at tm.t. Thirdly, 

the plant was not detopped until after reooval froo the soil. 

Cutting the xylen during periods when the plant is transpiring 

results in the r e lease of t ension in the transpiro.+' on stream, and 

presumably water potentials of vacuolar snp in cells surrounding the 

xylem are able to equilibrate with that in the :xylem. By detopping 

the plant after removal from the soil, the tension in the xylem is 

re lensed as a function of the transpirative demand fron the shoot 

(i.e. ns a function of the water potential gradient which "drives" 

the transpiration stream). Hence the result obtained (by measuring 

the water potential by the pressure bomb technique) is an indication 

of the steepness of the water potential gradient across the shoot and 

the root systeo prior to the removal of the plant from the soil. 

Thus the value is ca lled Root 1fater Potential (RWP) for this reason, 

i.e. it is an indicntion of the potential gradient which leads to 



water uptake by the root system. 

Also because the xylem wa t er partia lly equilibrates with the 

surrounding ce llular (symplastic) wa t er, nn indica tion of the water 

potential of the tissue in the crown region is obta ined. This can 

be used to infer the wa ter sta tus of the shoot apex during vege t ative 

growth and early r eproductive development before the stem elonga t e s . 
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IRRIGATION TREA1J:1ENT EFFECTS 

.t.s a basi3 for discussion of the results it is necessary first 

to doflr1e t:10 effects of the irrigation treatments in terms of their 

relnt ~onship to plant develo:r:nent as a whole. 

While the spatial distribution of soil water and root system differed 

between the treatments, the basic difference in whole plant t erms was 

the differing availability of 1m k:;.~ to the shoot. This is quantified in 

tho water s tatus data of Tabbs 13 and 14. Plant water ::-:- t ·_ ;;:_ c,:;__ : ... s 

higher in the T treatment than the F treatment which was higher than 

the S ti~eatrnent. Thus the shoot growth data (Tables 7 to 10) diaphys 

pa. tterns of development v:hich are explained by considering the 

treatments as providing increasing leve ls of moisture stress from T to F 

to S (Slatyer 1969, Wardla w 1971 ). Sla tyer (1969) describes most 

of the effects of moisture stress on crop characters and these are 

shown in this case e .g. decreased tiller numbers, reduced D.M. 

production, reduced crop height, reduced l eaf ar ea , decreas ed reproductive 

primordia, accelerated r a te of development and reduced yield. 

These effects are cisplayod despite the fact t hat soil water 

potentia l in the profile be low 1 5 cm in trea tments T nnd F wa s not 

a llowed t o fall below -1 bar, while in the S treatment the water 

potential a t 15 cm did not r each -1 ba r until immedia t e ly before the 

first ha rvest i. e . the crops we r e growing in soil of 'high soil wa ter 

potentia l' (Turner 1974) in all t~aatments . 



ROOT SYSTEM GROWTH AND DEVELOPMENT 

4,4.A. Root Growth and Distribution 

At first sight the results of root growth and distribution partic­

ularly Tables 2A, 2B, 3A, and 3B support the widely held conclusion 

that root growth operates to orientate the root system to the water 

supply. Thus the T trea tment had a more surface rooted crop than the 

S trea tment. The results of the glassho~se experiment however (Table 5), 

showed no trentment effects on root distribution a t all, and recent 

research findings suggest thnt this conclusion is erroneous. 

Many workers (e.g. Barley fil fil• 1965, Taylor & Ratliff 1969, Lawlor 

1973) have found that root growth is insensitive to very low water 

potentials possibly because the resistance to movement of water across 

the rhizosphere is small eYen when the soil is depleted almost to the 

permanent wilting point (Newman 1969 a & b, Hansen 1974), and hence 

water uptake for elonga tion (Greacen & Oh 1972) will be reh~tively 

insensitive to soil water potential. Thus soil water potential gradients 

which opera ted in this experiment (not greater than 2 bars, app.9) are 

highly unlikely to have caused the marked effects noted in Tables 2A & B. 

The possibility thnt the root distribution was detennined by the 

availability of mineral nutrients causing loca lised branching (Hackett 

1972, Drew et al. 1973) must be considered a lthough this probably cannot 

explain the differences between the field and glasshouse experiment 

where in both cases fertilis er application was confined to the surface 

layers of the soil profile. 

The results support the conclusion tha t root distribution is 

primarily determined by soil com-pnction, and associated aeration 

properties of the soil profile (Barley et Bl.• 1965, Greacen & Oh 1972). 

The crops in the glasshouse grew almost uniformly distributed root systems 

in soil which was essentially uncompncted because of the way in which 

the large boxes were filled with soil. Thus the probc.b le reason why 

the field crops showed a greater concentration of their root systems 

in zones of high soil water content was because in wetter soil zones 

root elongation was less limited by mechanical resistance (Greacen & Oh 

1972). 

Nevertheless the mechanism by which the roots proliferated at lower 

depths in Sis not completely clear. Root development is n function 

of both extension growth and lateral root production. The greater root 

length below 45 cm in the S treatment suggests that a higher rate of 

branching occurred in this zone, a proposal which is supported by the 
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results of the glasshouse experiment (Table 5). Understanding the 

underlying mechanism causing this response is made difficult because this 

glasshouse effect, if real, occurred in the probable absence of soil 

compaction. The effect may have been due to a.n increased avnilabili ty of 

mineral ions in this zone due to the higher water status, although 

this seems unlikely since the availability of minerals (especia lly 

potassium, .tlnckett 1968) in this zone, even with water, seems unlikely 

to be greater than in the surface layers which show relatively l ess root 

system compared with F and T. 

Perhaps the initiation of lateral branches is sensitive to small 

differences in soil water potential surrounding the root. Wn ter stress 

may mediate by directly affecting the increased metabolic activity in the 

root branching zone which precedes latera l initiation (Drew .fi .9:.l• 1973). 
Thus lateral initia tion may have been suppressed in surface l ayers by the 

lower soil w-:1ter po ten tin 1. 

The other interes ting effect shown in Tables 1, 2A , 2B, 3A and 3B 

is the grenter developnent of the F trentment root systeo p~rticularly 

in terms of an increased root length in the profile above 45cm. This 

respons e was composed of 2 factors:-

(i) an increased nodal root production which resulted from the 

increased tiller initio tion. This is discussed in section 4.5 A which 

follows. 

(ii) an increased root branching in the F trea"b:!lent (see Figure 1) • 

.An explanation of the increa sed branching in the F treatment can only 

be speculative. Perhn.ps the T treatment r esulted in a higher r a te of 

lenching of minero.ls particularly nitrogen from the surfa ce 11.yers; thus 

nutrient-stimulnted l a teral branching was lower when compared with 

the F treQ tment. Perhaps there is a water potentia l optimmn for 

lateral initiation. Studies of the relationship between water status 

and lateral initiation do not appear to have been conducted, and, in 

general, liter~ture concerned with the affect of environrncntcl f a ctors 

on lateral initiation is particularly scarce (see Rackett 1969). 

~~ft_.~_Rooj: Development 

Consistent with the findings of numerous workers (Troughton 1962), 
the root system displayed a decrease in weight and length from first to 

final harvest (Table 6). The major decrease followed the stem elongation 

phase (Figure 2) and is explained in terms of the decreasing availability 

of assimilate at this time (sec section 1.3.1.B). 
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More interesting are the results of Tables 1, 4A and 4B which show 

all treatments for ench variety, having n similar root system at hn.rvest 3. 

The reduction in the root system is mainly a result of a reduction in 

weight and length in the surface layers down to 30 cm, which strongly 

suggests that root death is more prevalent in higher order lateral roots 

rather th.::i.n death of main roots, which would show a decrease in root 

system throughout the profile • 

.:t:.d.~C. Vnrietal Differences 

This study, similar to that of Lupton et~- (1974) showed no 

outstanding differences between the root system of a semi-dwarf compared 

with a standard height type. Lupton tl al. (1974) suggested that the 

root system of the semi-dwarf is more extensive at depth, mid this was 

shown in this study (Tables 2A & 2B). However this effect is not 

marked and nay possibly be duo to Gamenya distributing n higher proport­

ion of its root system above 45 cm. 

Two minor root system characteristics of Karamu are of interest. 

Firstly, K:--:amu displnyed o. more marked response to irrigation treatment 

than G~-menya (Tnblos 1, 2A & 2B). Secondly, although the effect is not 

highly significant, Knramu retained more of its root systen to final harvest 

(Table 1 ). This is possibly related to the increased availability of 

assirailnte for plant I sinks I other than the enr in mmed varieties 

(Evans & Rawson 1970) and hence Karamu wns able to retain and maintain 

more root system during the post-anthesis stages . 
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4. 5 SHOOT GROWTH A.ND INTERRELATIONSHIPS WITH THE ROOT SYSTEM 

.1.!.2.•Jl, Vegetative Development 

As noted in section 4.3, some of the foo.tures of plant development 

compared between the throe irrigation trea tments can be explained in 

t orras of the effects of modernte levels of water stress (Slatyer 1969), 

Not all tho differences can be explained in this way, for the pattern 

o:: tillering displayed treo. tment effects which were unrelated to the 

direct effects of noisture stress (see Aspinall et al. 1964). 

The reduction in plant population up to h~rvest 1 was most marked 

in the F treatment and yet the total tiller populations reflected the 

increasing moisture stress g radation from T to F to S. A mechanism appears 

to exist in the F trea ted crops which f a vours the survival of primary 

tillers of certain plnnts a t the expense of main tillers of smaller 

plo.nts. Cor.1petition for light is assur:1ed to be the cause of plant 

death during this period (Puckridge & Donald 1967) but it cannot explain 

the response coflpletely since tho more profusely tillered plants 

in the F treatment have a lower plant loaf area than those in the T 

trontment. Therefore competition for light cnnnot be the sole mechanism 

by which l a r ger plants, in terms of leaf area, dominate and suppress their 

less well endowed neighbours. 

The competitive effect is possibly raediated by the root system, as 

the F trentnent had a distinctly better developed r oot system in t erns 

of root length than the other treatments, pnrticulnrly with Karo.mu 

which displayed a more riarked r eduction in plant number and a higher 

per-plant tiller nW!lber than Gamenya. It is unlikely that the more 

ex t ensive root systen plants h".d n decieiva nd.~.rn:-t"' .'.:'." in the 

uptake of minerals since this would hnve been reflected in an 

11,crcased leaf area, or an increase in leaf nitrogen percentage, 

neither of which were displayed. Water uptake may hnve been improved 

slightly but this effect is probably not of major significance, particularly 

when comparing the T and F trea tments. 

It is suggested therefore that the F treatment root system was 

responsible for an improved supply of growth regulators to the stec, 

principally cytokinins and GA, thus increasing tillering and tiller 

survival. While there is no direct evidence to support this 

hypothesis forthcoming from this study, it is not mere speculation, 

because some indirect evidence is available; nor is it a valueless 

exercise, since understanding the control of both tiller development 
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and survival becomes a necessity if we are to increase yields by 

increasing ear populations (Dougherty & Langer 1974). 

Firstly, the assumption must be made that an increased length 

of the root system is indicative of an increased number of root apices. 

This is a reasonable assumption supported by the glasshouse experiment, 

the work of Evans (1970), and the theory of coordination of root growth 

proposed by Hackett (1969, 1971, 1972, Hackett&Rose 1972). Root 

apices are widely agreed to be the main sources of synthesis of growth 

regulators produced by the root system (Jones & Phillips 1966, Short 

& Torrey 1972, Atkin e t al. 1973, Sheldra.ke 1973). 

Thus presumably an increase in root apices per plant results 

in an increased output of growth regulators from the root system and 

a higher concentration in the stem of the plant. Hence the higher 

tiller numbers and initiated axillary buds of the F treatment plants 

(Table 7), can oe explained by the greater concentr ation of cytokinin 

which has been shown to initiate the development of the axillary bud 

(Langer et .ill• 1973), although cytokinin does not sustain growth of 

the tiller. This is presumably the role of GA (Kirby & Faris 1970, 

1972, Gale 1974) which acts to mobilise assimilate to meristematic 

sites (Kirby & Faris 1970, 1972, Adams et al. 1973). 

Initiation of each axillary bud results in nodal root production, 

regardless of whether the initiated bud develops into a tiller (Soper 

& Mitchell 1956 ). This has the effect of both increasing the size of 

the plant root system and increasing the number of root apices. This 

gives the plant a competitive advan t age over less well developed 

neighbours. Thus t he higher per-plant tiller numbers of the F treatment 

and its lower plant numbers can be explained hypothetically by the 

combined effect of plant competition and supply of growth regulators. 

Further senescence of whole plants and tillers, occur in the 

reproductive stage. 

4.5.B. The Reproductive Phase and Crop Yield. 

(i) The Process of Detennination of Ear Number. 

Some tiller death occurred during the period after anthesis (i.e. 

between harvest 2 and 3) but these tillers were showing signs of senescence 

by harvest 2. The reduction in ea.r number following f·lowering was 

probably significant only in the T treatment although the effect was slight. 

This study is in agreement with previous work e.g. Riveros-Rodriguez 

(1968), Rawson and Donald (1969), with tiller senescence occurring 

predominantly in the stem elongation phase due primarily to competition 
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for assimilate within the plant which is accentunted by competition for 

light (Puckridge 1968). The death of tillers was not at ra.ndor;i, but 

resulted fron conpetitive suppression, as indica ted by data of 

Tables 7, 8 and 9 where tiller death operated to e liminate tillers 

with f ewer than avera ge spikelets, and , after Harvest 2, with a 

higher than average number of sterile spikelets. 

GA appears to play a central role in assimilate diGtribution within 

the plant (Kirby & Fnris 1970, 1972) although its action is nediated 

by phytochrome (Jones 1973) and possibly other unknown factors (Adaras tl al_. 

1973) ~7_ro c.rJ nobd previously the role of GA in semi-dwarf whe n. ts 

is confused particulnrly with r espect to stem elonga tion ( Galo & 

Marshall 1973, Gnle 1974). 

In spite of possible noisture stress effects the F treatment 

retained a higher ear nu.r;iber than T ( and S). This occurred despi to 

the F tre:.:i. t nent I s Plarkedly lower LAI when CO!'lpared with T. Thus 

pr esunably growth r ogulo.tor r;1ediation can deteroine tiller survival 

in the f ace of internal COI:'lpe ti tion for assinilate . Possibly increased 

GA leve ls in s tandard height wheats increas ed the photosynthetic rate 

in l eaves and thus pl cnts with an inproved growth r egul a tor stntus can 

conpensa te for lower le2,f ar ea by increasing their :photosynthetic r a t e 

(Treharne & Stoddar d 1968 , Wareing ,tl n l. 1968). Re search into this 

.'.ll'ea of the action of GA during the sten, e longation phnse could be 

of gr ea t assist~nce in understanding the control mechnnisns determining 

survivnl of tillers. 

The iflportnnco of enr P.~ber as a component of yield cannot be 

overra ted, because in general , varia tion in the d ensity of ears accounts 

for nost of the differences in grain yield be t1rnen whea t crops 

(Dougherty & Langer 1974). For example . crop yie ld in this experinent 

was rough~ly three times tha t of Clements et al.(1974) co~-- -'--:~t ed in the 

previous year; a difference which can be attributed nlmost corapletely 

to the ear population being three tines higher in this experiment. 

(ii) Tur Development and Yield of Grain 

The initial pr:inordial spikelet number appears to be closely 

related with t he moisture stress of a given treatment (Tables 7 & 10). 

There were maximum spike let primordia of 17-18 in the T trea tment with 

a gradation to 13-14 in tho S trea tment. Assuming that RWP measurements 

obta ined from the glasshouse study (Table 14) ar c a reliable guide to 

the water status of the apex during the period of primordin formation in 
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the field, then this decrease of 4 spikelets from T to S occurred 

in response to a water potential decrease of only 2 bars (i.e. from 

approx. -1.5 bar to -3.5 bar) . Thus as shown by Langer and Ampong 

(1970) the production of spikelet primordia is quite sensitive to 

moisture stress. 

The further development of the ear is probably influenced by 

other factors. With an almost constant two infertile basa l spikelets 

in Gamenya ears and three in Karamu for each trea tment, the number 

of fertile spikelets, i.e. grain bearing spikelets, was linearly 

related to the results of the apical dissections and showed the T 

to F to S gradation. Thus if inhibitory influences on spikelet 

fertility are operating in a whea t ear (Evans et al. 1972) they are 

independent of moisture stress in the range studied in this experiment . 

Likewise, viability of florets from harvest 2 to 3, which was similar 

in a ll irrigation treatments, suggest that inhibitory influences 

on grain set in florets oper~te independently of moisture stress in 

the range studied in this experiment; hence grain numbers per ear 

were related linearly to initial spikelet primordia . 

An interesting f eature of development is the increa~~ in grain 

weight from T to r to S. The cause of this effect is no t clear. 

It does not necessarily suggest that there was a "source" limita tion 

in the T and F treatments; considering the evidence for "sink" 

limita tions to yie ld it i s more probable that the capacity of the grain 

to accept assimilate may have been lower than in the S treatment. 

The possible causes of this must r emain speculative. The evidence 

of a correlative inhibition be tween deve loping gr a ins (Rawson & Evans 

1970) suggests that the fewer the number of florets the more c:,.'1hanced 

is the development of the r emaining florets, presumably by an ability 

to construct a larger endosperm capacity either in physical or metab­

olic terms. This effect would be r estricted to the period within 10 

days following anthesis when the endosperm tissue is completely 

formed (Percival 1921, Buttrose & May 1959, Frazier & Appalanaidu 

1965). 
The increased grain weight of the S treatment was insufficient 

to overcome the lower grain number of this treatment. While T had 

the highest ear weight, the F treatment had slightly higher yield due 

directly to its greater ear population. 
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5.• 5_._c. Varietal Effects 

The yield advantage of Karamu over Gamenya (Table 9) is due to 

the higher grain weight per ea r ra ther than an increased ear number. 

Similar ear numbers occurred in spite of Karamu's higher LAI, thus 

further supporting the hypothesis that the period of stem elonga tion 

is less a period of direct assimilate competition between tillers 

due to insuffici ent leaf area , than a sta ge where survival of tillers 

is determined by their ability to stimulate the photosynthetic rate 

of the present leaf area, similar to the stimulation of flag lea f 

photosynthetic r kte by the ear (Evans & Rawson 1970). Norin 10 

derivatives and other lines derived from true genetic dwarfs are 

insensitive (for some processes) to their high ,endogenous levels of 

GA (Ga l e & Marshall 1973), and possibly GA stimula tion of photo synthetic 

r a t e ('Wareing ,tl .£1• 1968) may be affected ( see previous section 

4.5.B (i)). Could it be t ha t by the present universa l s election 

for sma ll sta ture we c. r o selecting agc.inst the pos sibility of improvine 

ear numbers? The reduction in photosynthetic r a t e and tiller 

numbers in the evolution of the modern wheat plant (Evans & Dunstono 

1970) could be causa lly linked by the GA status, a lthough Evans and 

Dunstone (1970) ascribe t hi s e ffect t o unspecified "apica l dominence" 

being more strongly devoloped in t he moder n wheats. 

The 9% (S tre o. tment) to 28% (F treatment) a dvanta ge in weight 

of ears which Ka r a.mu displayed over Gamenya may not be r e l a t ed to the 

increased spikel et primordia which K.'.U'amu produced, because there was 

no variet a l diffe r enc e in tho number of f ertile spikelets, Kar a.mu 

having more basal spikelets infertile. Karamu's yield advantage 

was derived :primarily from a higher l eve l of floret viability, which 

b :re a : · --'1er grain number pGr ear ( except in the S trentrn.ont), and 

an increased grnin weight. 

The results of this study are typical of those obtained in other 

t emperate situations particularly New Zea.land, with the semi-dwarf 

producing a relntively sms.11 ear (Ga.ndar 1970, Dougherty et al. 1973, 

Clements et fil• 1974). Gandar (1970) reports one of the largest 

eared crops for New Zealand conditions obtained with Pitic 62 grown 

under very low density. The ear averaged 18 spikelots with 54 grains, 

although grain ,•,eights were extremely low. Compared with spikelet 

numbers of 25 and grain numbers up to 60 rep0rted cverseas (e.g. Rawson 

1970) the results obtained in New Zea land seem disappointi....'1.gly low. 



75. 
This reduced number of spikelots can probably be attributed 

directly to the effects of both seed and seedling vernalisa tion which 

is a lmost certain to occur under t emperate i.e. New Zea land conditions 

( Tr"- 11 & Cn.rtwright 1974, Halse & Weir 1974). Vernalisa tion of Norin 

10 derivatives reduces the length of the reproductive phase and 

accelerates the entire reproductive process (Wall & Cartwright 1974). 

The effects of accelera ted reproductive development are not complGtely 

knovm but certa inly ~rowth of tho floral primordia has been sho~:rn 

to be extremely sensitive (Kirby & Faris 1970, Ro.wson 1970, ;:,.i.nglo 

1964). Floret survival is a lso affected (Langer & Eamif 1973) as is 

tiller survival (Kirby & Faris 1970, 1972). Halse nnd Weir's (1974) 

experiment is worth further investiga tion in Now Zea land because by 

~ , ing unvernalised seed of semi-dwarf Mexico 120, they incre~sed 

spikolet numbers by over 30% too. maximum of 26 and increased the numbc~ 

of days to flora l ini t:i.u.tion by approximate ly 2Cf/o i. e . they r educed 

the rate of pl ant development by using unvernalised seed. 

Whether flor ets per spike let and grain weight wov.: d increase if 

the reproductive phase was lengthened is not clear becnu.se of evidence 

for negative corre l ations between spikelet number and grain ,-might 

(S:i-ille 1970, Rawson 1970) in semi-dwarfs. This mo.y be r e l a ted to the 

flo~et inhibition effect mentioned previously (sect. 4 . 5.B. (ii)), for 

plants with high spikolet numbers but low florets per spikelet show 

higher grain weight . :Nevertheless t he varietal differ ;,,nces in grain 

weight in this oxperimcmt do not show this effect and tmtil the 

mechanism of floret inhibition of 11 si1± 11 capacity is u.".ldorctood an 

er9le.nation will not be forthcoming. 
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Gamenya used more water than Karamu. Since Kara.mu generally 

had a greater LAI, greater loaf area per plant, and a slightly greater 

root length, the effect would appear to be due to the lower leaf 

water potential which Gamenya leaves develop (Tables 13 & 14). In 

this way the water potential gr adient is larger in Gamenya and this 

l eads to an increased loss of water from the crop. This conclusion 

needs further investiga tion since it contra.diets the belief tha t 

crop water usage is linearly related to leaf area. The effect could 

be due to altered micrometeorological conditions and hence altered 

evaporation of soil moisture although the f act tha t Gamenya is generally 

a taller crop during most stage s of deve lopment would tend to operate 

against this suggestion. 

4.6.B. D:ynmp_ic Water Relations of the C-,-,o__p Plant 

Rese9.I'ch in the field of plant water rela tions is a t prosent 

largely concerned with defining the resistances to water movement in 

the soil-plant-atmosphere system . It is c.ssumed tba t the flo w of 

wnter through the p l ant conforms to a relation an~logous to Ohm 's 

Law where the r es istance can be ca lculated by dividing the wa t e r 

potential gradient a. cross two points in the system by the transpirat­

ion r ate (Richter 1973). The pathway considered most often is from 

the soil through tho roots to the l eaves (Janes 1970). 

While measurement of totnl plant transpiration is not difficult, 

quantifying the potential gradient through tho soil-plant- atmosphere 

system or the "driving force 11 to transpiration. in practical terms 

involves numerous difficulties. The most widely used technique is 

to measure either tho LWP of one lenf, genera lly tho youngest m~ture 

leaf, or all the leaves and average the result (Jane~ 1970); the 

soil water potential is then sut·', ,..acted from this v:-_J.ue to give the 

potential gradient. But is this valid? There are a number of 

objections to this approach to determining the water potential gradient. 

(i) Under conditions of high transpiration ra tes the water pathway 

through the leaves and roots is apoplastic (Boyer 1974). Excision 

of a leaf breaks this continuous stream of water and presumably the 

transpiration stream equilibrates with the symplasm in terms of water 

potential. Hence the water pot·ontial measured by n method needing 

prior excision, is too high and this possibly explains the large changes 
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in internal resistance which Janes (1970) fomd when potential 

gradients were altered within the plant. Nevertheless because the 

apoplasm and symplasm are in diffusional connection this measurement 

of LWP is probably an indicator of xylem water potentia l. 

(ii) Transmission of water potential changes is assumed to be 

instantaneous and transmitted by the water in the apoplast (Spomer 

1968). One may wonder therefore whether reductions in potential 

of each leaf on the plant cons equent upon its diurna l fluctuation in 

LWP (Figure 2, 3, Yang & de Jong 1971a) should be averaged as a t 

present, or whether they should be summed to provide a true estimate 

of the increasing gradient which the shoot transmits to its root 

system as the day progresses and l eaf water potentials decrease. 

To cast some light on this point it is worth quoting here some 

unpublished results of water potential measurements taken in the 

glasshouse two we eks afte r seedling emergence. At this stage Karamu 

had three lenves and Gamenya had two. The ma ture first l eaves of 

Karamu had a higher W.'.1 ter potential t han Gnmenya as expected (-5. 1 bur 

to -6.2 bar). The RWP showed the r everse pattern with Karamu having 

a lower root water potentinl than Gamenya , -2.2 bar to -1.6 bar The 

inference from this is tha t the crown and roots of the Karamu plant 

had a lower water potential because of the transmission to the roots 

of the LWP of the extra ( third) le .?.f. 

Objections to t lus type of experiment arc obvious , e . g . the 

comparison of diffe!'cn t V.'.lrieti es , the RWP diff erences may not hnve 

been significant, etc . Nevertheless if the movemont of 1·1r. tcr is 

considered in pu1·ely physical terms this r o:cmlt , if r eal, is not easily 

explained if tho potential gradient is ca lculated by averaging the 

leaf water potontin ls of each leaf on the stem. 

(iii) A wat er potential gradient exists up tho stem in the absence 

of transpiration (i.e. at night) effected by osmotic potentials 

(Turner & Begg 1973) and hence the gradient causing transpiration is 

probably more influenced by turgor potential changes rather than 

total LWP. Unfortunate ly at present the measurement of turgor potential 

must be inferred frcm measurements of total LWP (and osmotic potential). 

Information on transpiration of individual leaves on a transpiring 

plant under natural conditions is non-existe,nt at present largely 

because of the difficulty of measuring transpiration without affecting 

the water and metabolic status of the loaf in the process (Kramer 

1969). Lack of information on this point is holding up real progress 

towards improving the theory of plant water relations for assistance 
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in considering how to predict and control crop water use. 

The inverted potential difference between tho flag l 0nf ani oar 

(Figure 3) is extremely difficult to interpret in the absence of 

knowledge concerning the transpira tive loss from each structure. 

The wa ter pa thways a r o connected ( probably a t the nodo bol o-;-:- th o flng 

L ,o.f node 01 Brion &, Zoo 1971) and hence this difference which cc.n 

range up to 6 bar (unpublishe d da t e ) is not easily ozplo.i nod . ~hroo 

questions aro r a i sed ir. understanding this inverted water pot--ntinl 

difference . 

(i) Does this difference between flag loaf and ear indica t e 

an underlying physiological purpose? 

(ii) Is the effect unimporta nt? 

( iii) Does it r e sult from moasuroraonts from I!lGasur 071.onts of i~'J.-':- " ::-:­

status which arc physiologically suspect . 

A theore tica l Cc'"l.se c an be made to support the 1':t ttor t ~~'.) 

conclusions, but the possibility tha t thero is an und.iscov :.; rod ph:rs iol­

ogical role involved is not the r eby disproved. If tho fl.'.'.g l eo.f is 

r emoved from the stem during a period when the l oaf is t r a:"lspiring, 

a water potontic. l ~re!J:.§Q is observed in the o:ir within 30 n i n1..1 t os 

(unpublished. da ta). Tho que stion which arisos from this i s , whether 

the flag loaf cnn increc.se tho flow rate in tho xylem above that 

ne eded to satisfy its 01.m transpir?.tion , thus decreasi ng the vrc.. t or 

stress in the cr.ir following cm0rgenco of the oar during cro:, deve lop­

ment . Answering that is comple tely beyond tho lit1i t s of t h:'..s m:pcr i :c::::nt, 

and of the pres en t li tera turo . 
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CONCIDSION 

This study of root and shoot development of the wheat crop plant 

has pinpointed two nroas of r e s earch which should receive priority. 

1. The nction of GA in tiller deve lopment and "source-sink" 

relationships in tho vogotD.tivc and early r eproductive stages . 

2. Vernalisntion and its inte r o.ction with grain yield. 

From consider~tion of tho interr e lationships between tho root and 

shoot growth it is apparent that not only does the root system function 

in supplying tho plant with wa ter and nutrients, but o. lso it is an 

important source of gTowth r egul ators which media to :i' -~ _, -:- ... :ent of 

the shoot . 

Fina lly, in comp-'.lring the two va ri eties Gam<myo. and Karru::iu , it 

is appnrent thnt tho s emi-dwnr f displayed granter sensitivity to the 

environmental changes, or i n other words, i ts growth was more 11 plo.stic" 

in terms of morphological adaptation to the different wa ter r egimes . 
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APPENDIX 1 

LAYOUT OF FIELD EXPERIMENT 

The layout of plots on the experimental site is shown in Figure 5 

on the following page. 

With reference to the sub-irrigated trea tment (sect. 2~2) the 

diagram below (Figure 4) indicates the layout of the system in the plot. 

~ Water supj_)ly 

;:;, / Plastic film enclosing the plot 

Section of 
'Viaflow' tubing 

Figure 4. Layout of sub-irrigation system of "Viaflow" tubing 

buried in each S treatrnent plot. 

The system was not completely effective in distributing water 

evenly into the soil profile at 40cm. In the process of burying the 

tubing some sections became crushed and water did not flow in them. 

Also leaks occurred where the tubing and adaptor was joined to the 

alkathene feeder pipe. Nevertheless as data from appendix 9 shows the 

system worked satisfactorily. 
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APPENDIX 2 

OOHEDULE OF OPERATIONS 

Date 

August 

28-30 

September 

3-5 
5-25 

26 

27 

October 

2-4 
8-10 

12 

17 

18 

26 

27 

7-23 

17 

December 

3 

11-23 

20-23 

January 

1-6 

14-22 

February 

1-8 

12-15 

Fenced off site. 

Paraquated and rotary hoed plots. 

Prepared plots - buried sub-irrigation systems and plastic 

film surromi.ding each plot. Prepared water supply system. 

Constructed plastic covers. 

Fertilised plots. 

Rotary hoed plots and sowed seed. 

Emergence of crop. 

Mended plots. 

Placed tensiometers in plots. 

Started irrigation treatments. 

Covers constructed and began covering Sand T 

plots at night . 

Initial population counts. 

First appea r ance of aphids; sprayed with Metasystox . 

First Harvest . 

Sprayed Lannate to control Argentine stem weevil. 

Flowering began. 

Second Harvest . 

Erected netting for bird protection. 

Water Status measurements. 

Third Harvest. 

Final Grain sampling from field experiment. 

Field exp?riment then dismantled and site cleared. 

Prepared boxes for glasshouse, assembled and filled 

with soil. 



March 

3 
23-26 

April 

4-7 
19-28 

Emergence of glasshouse "cropsa. 

First Harvest in glasshouse. 

Second harvest in glasshouse. 

Final harvest in glasshouse at emergence of ears. 



Appendix 3 Rainfall during Field Experiment 
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APPENDIX 4 

THE SOIL CORER AND ITS USE 

The soil corer was constructed and field tested during February 

and March 1973; see plates 1 to 5 on following pages. Plate 1 depicts 

the corer and its associated fittings. The main body of the corer 

was a section of pipe used previously for well drilling and hence was 

of sufficient strength. A 2-!,- inch galvanised down-pipe, of 4 feet in 

length, was split into two to form the inner liners to the corer. A 

plunger (at left of the corer in Plate 1) was inserted from the top of 

the corer and held the liner in place. The plunger was held in place 

by a pin inserted from the outside of the corer through a hole drilled 

through the corer at the 1 ugs ( see Plates 1 , 3 & 4) . The two pipe spanners 

were used to unscrew the cutting head from the corer. The head was 

removed and the core and inner liners pushed out using the plunger . 

Plate 2 shows the cutting head and the liners. 

Plate 3 shows the corer in position in a plot with the rammer which 

was used to drive tha corer into the soil. The corer was removed from 

the soil by utilising the front-end-loader hydraulics of a sufficiently 

powerful tractor ( a Ford 5000 , plate 4 ), or if t his was not available 

the corer was winched out (Plate 5). 

The corer was hand-raIDI!led into t he soil until its progress began 

slowing down; if the corer was rammed any deeper the core began 

to compact. The reason for the sudden decreas e in movement is unkno,m, 

for the soil at the depth where the core began slowing down (75-100cm) 

was sandy (sect. 2 .3). Perhaps the frictiona.l force between soil and 

the corer markedly increased when more than 80cm of corer was in the soi 1. 

ProbL.:: ~s were encountered with the inner liners which were not strong 

enough and had to be repaired often. For long term use this corer needs 

some form of shock absorber, or an ample supply of new liners. But in 

general this corer provided excellent soil cores with minimum compact5.on 

or disturbance of the soil. 



r late 1 • The soi 1 cor er and associated fittings . 

Plate 2 . Close- up of cutting head and inner liners 
at base of corer . 
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~late 3. The corer in the plo wit. hnnd-ra~mer . 

Plate 4 . Removal of corer using Ford 5000 front- end- loader 
hydraulics . 
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Plate 5. Removal of corer from soi 1 usin6 a winch. 
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WASHING OUT OF CORES 

Plate 6 on the following page shows the grid which was used for 

orderly collection of the cores and their subsequent washing out , using 

a medium pres sure hose spray. 16 mesh was used in the washing grid which 

may bo considered to be too coarse for root washing . This size of mesh 

was considered to strike an adequate balance between retaining as much 

root as possibl0 in the washing process on one hand, and enabling the 

handling of a large nUI!lber of cores on t he other . The assumption is 

made that loss of fint! roots was common with all treatments . 

The soil blocks from the glasshouse study were washed through 

muslin cloth and through the mesh ( on which the rmslin was placed) , thus 

loss of fino roots in the washing process in the glasshous'3 experiment 

was considerably less thnn the field experiment . 



Pla~e 6. The mesh grii for coll ect·on 
of cores 3.Ild wasting out . 

Plate 7. The mesh root-washing grid mounted on t able. 
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PHOTOGRAPHS OF GLASSHOUSE EXPERil1ENT 

Plates 8 o.nd 9 on following pc:tge show the boxes used in the 

glasshouse and the placement of the tensiometers in each box . Plate 8 

was taken at emergence. 

Plate 9 shows the S treatment boA with soil removed prior to obtain­

ing the soil blocks for root meas11rements . Once the soil blocks were 

taken , the end walls were placed against tho exposed soil face and 

nailed temporarily into place until the next harvest . 



Plate 8 . The boxes used for the glasshouse eAperiment 
sho~.ing the posl.tioning of tensiometers . 

Plate 9. Soil removed from S treatment box at harvest 1. 
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APPENDIX 7 

GLASSHOUSE ENVIRONMENT CONTROL 

Day length 

93. 

Increasing daylength was supplied using 2 fluorescent light banks 

controlled with a time clock. 13 hours 20 minutes was the initial day­

length (from 3rd March) and day length was increased by 20 minutes every 

week until by the end of tho experiment (20th April) daylength was 15 

hours. 

T~mperature 

The glasshouse had some temperature control in that it could be kept 

dovm to ambient temperature by ventile.. tion, and could be heated. 

Initinl tempora ture r egime was 14.5/10.5°C and this was achieved by 

setting the temperature minimUI!l a t night and r aising it in the morning. 

Tho gl.:i.sshouse was ventilntcd above 25°c throughout the experiment . The 

day/night tcmperaturo minimuns were increased by 0.5°c every 10 days 

until ~t the end of the experiment the (minimun) tenperature regime was 
0 

16 .5/12.5 c. 
Records of tempera ture taken by thermal hydrograph showed that 

minimum temper-~1. turos were naintained; and the glasshouse only rose 

above 30°c on two occnsions during the experiment . 
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STATISTICAL THEORY 

The application of regression theory to dnta analysis first 

involves the construction of mathematical models to describe the 

data. Models applicable to description of the data in this 

experiment are called classification models; as distinct from 

functional models where the variables on which the resulting data 

depend (i.e. the independent variables or the treatment variables) 

arc quantitative levels of a variable~ For example a functional 

model would be used to describe the data from an experiment where 

crop growth was measured under differing quantitative levels of 

irrigation application whereas a classification model describes an 

experiment where crop growth was measured under differing methods 

of irrigation as in this experiment. 

Tho classification models which are expected to describe the 

dat~ for the two parts of the analysis of this experiment are:-

1. Analysis botwe8n trentuents and varieties within harvests. 

The classification model for this experiment of randomised 

block design is:-

y .. =u+b.+t.+e .. ••••• (1) 
1J 1 J 1J 

for the plot within each harvest in the ith block receiving tho 

jth treatment where:-

y .. is the yield (or value of a measured variable) for the plot in 
1J 

the ith block receiving the jth treatment. 

u is the general mean effect. 

b. is the effect due to the ith block 
1 

t. is the effect due to the jth treatment. 
J 

eij is the error which includes residual effects not incorporated 

in the block or treatment effects. 

For this analysis i = 1 to 5 for the five blocks. 

j = 1,2,3 = GT, GF, GS 

j = 4, 5, 6 = KT, KF, KS 

u, b. ~-d t. are termed regression coefficients. 
1 .) 
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2. Analysis between harvests within treatments. 

Tho classification model applicable here is:-

u + b. + h_ + e .. 
1. --ic 1J •••• ( 2) 

for the plot within each treat ment group in tho i th block at the kth 

h<'l1 vos t, where:-

y., is sor:i.e measurement on a given variable for the plot in the i th 
LC 

; "'. :.. --~c at the kth harvest. 

u is tho g:meral mean effect. 

b . is tho effoct 
J_ 

due to the ith block. 

h. is the ef fe ct 
.i.C 

due to the kth harvest. 

" is tho error which includes residua l effects "ij 
in tho block or harvest effects. 

For this analysis i = 1 to 5 for the 5 blocks. 

k = 1,2,3 for the 3 ha rves ts. 

not incorpornted 

The t heory behind the ana lysis will now be outlined using part 

1 ( equa tion 1) as an exrunple; the principles apply equally t o part 

2 ( equa tion 2 ). Because we are interested in the effects of the 

tro2t mcnts in this pRr ticulnr case we compo.ro equation (1) to tho 

'null hypothesis' that "ther e arc no trea tment effects'', i.e. 

u + b. + e .. 
1 1J 

Ana lysis of variance is then under taken to test whether the da t n 

niffors significantly from tha t described by the null hypothesis; 

usin(; tho F statistic ( which follows the F frequency function under 

the assunption that the null hypothesis is true) t o obtain a test of 

significance (or measure of uncertainty) for the null hypothesis. 

The stops in forming an analysis of variance table arc as follows:-

1. The regression coefficients in each model are estimated; in 

this case by the method of Least Squares estimation. Least Squares 

estiEation of the r egression coefficients involves the formation of 

Nonnal Equations. By writing down the model in the form of a 

Tableau the Normal Equations can be easily formed. A Normal Equa tion 

is formed for each regression coefficient and then these are solved 

as a set of simultaneous equa tions using ma trix algebra to give the 

va lue for each regression coefficient. A discussion on the method 

"~ :.:_ _____ :/c Squares estima tion of the regression coefficients and the 

use of the Tableau to obtain regression coefficients is given by 

Pascoe (197J, app 4). 
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2. The ToTal Regression Sum of Squares (TRSS) is then calculated 

for each model by summing the products of each regression coefficient 

with the right hand side of the Normal EqWltion associated with it. 

3. The Analysis of Variance table is then constructed. 

Source Sum of Squares Mean Squares f 
F 

. 

l!fRSS eqn ( 1 ) Calculated I l 

;rrRSS null I :I hypothesis Ho Calculated 
' 

l. 
· 0ifference or t Treatments TRSS (1) - TRSS (Ho1 Treatment M. S. 

I 

Trt MS ror Totnl - TRSS ( 1 ) Error r-1 .s. Err MS 

__ :rotal Total S.S. 

The analysis of the classification nodel such as the one above 

used for this experiment involves a complication, since the Normal 

Equations have an infinite number of solutions; in matrix algebra 

terms the Tableau is not full-rank. To overcome this the model is 

"reparrunetrized:r so th.Et t the Normal Equations can be solved to 

give unique va lues for the r egression coefficients. 

I 
I 

I 

Repa.ram.etrization of the classific~tion model used here involves 

the formation of the new model:-

y .. = u + b. + t. + e .. 
J.J J. J J.J 

where b. 
J. 

and t. are linear filllctions of the original regression 
J 

coefficients b. and t. respectively. The number of regression 
J. J - -

coefficients are reduced by one to form b. (and t.), the Tableau is 
J. - J_ 

now full-rank and the Normal Equations for b. and t. cnn be easily 
J. J 

solved and the values for b. and t. found. 
1 . J f 

Reparametrization can be made so that the t. is a meaning ul 
J 

function of the original t.. In this case:-
- J ) t 1 estimates (t

1 
+ t 2 + t 3 - t 4 - t 5 - t 6 i.e. the average effect 

of variety. 

t
2 

estimates (-t
1 

+ t
3 

- t
4 

+ t 6 ) i.e. the linear irrigation effect 

or the difference between the T and S treatments. 

t
3 

estimnted (-t
1 

+ 2t2 - t 3 - t
4 

+ 2t5 - t
6

) i.e. the quadratic 

irrigation effect or the difference between the F treatment and the 

mean of the T and S treatments. 
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t
4 

estima tes ((-t1 + t 3) - (-t
4 

+ t 6)) i.e. the •linear interaction; 

between varieties and irrigation treatments T and S. 

i
5 

estimates ((-t1 + 2t2 - t
3

) - (-t4 + 2t5 - t 6)) i.e. the quadra tic 

interaction; between v,qrieties and the F irrige.tion compnred with 

T and S. 

These linear functions of the t.' s are orthogonal (i.e. the sum 
J 

of cross products between regression coefficients equals zero) 

and hence the variety S.S., irrigation S.S. and VI interaction S.S. 

sum to the Difference term in the AOV tabla (Trea tment S.S.) and 

can be tnken out for separa t e testing of significance of each. 
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SOIL WATER STllTUS DURING FIELD EXPERU'IENT 

Small samples of soil were taken at harvest 1 and 2 from each 

core section sampled, for grnvimetric moisture content (MC) determination 

(see sect. 2.3 D(i)). The results are not presented in full but the 

following is a su.rn.J-:,ary of some aspects of soil water status during the 

experiment . 

The field capacity to -1bar water potential r ange wns equivalent 

to a range in HC of o.pr roximately 25% to 18%. 

At harvest 1 the MC at 15cra in S plots was 16.7% for Gruneny;_3, plots 

and 18.1% for Karnnu. By the second harvest the values were 14.6% 

and 15.0% respectively. In results for each replicate the S treatments 

showed an incre ,':'.se in EC down to section 4 (45-75cm) suggesting the sub­

irrigation systems were effective. 

The T and F treat ments showed similar soil water status although 

the irrigation of T troo.tnents had to hnlt 2-3 dnys prior to harvesting 

to allow for soil coring. 

The two 120cr;; tGnsiometers placed in KS and KF plots generally showed 

little change following irrigation, but frori cnr emergence they showed 

a gradual decrease in wo.ter potential suggesting t:iat by this stage the 

plants were removing wa ter from below 1 ra in the profile. 
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