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ABSTRACT . 

The thesis reports two experiments carr ied out during 1973-74. 

The field experiment studied the establishment and gro wth up to one 

year of two Vrlrieties of lucerne ( 1hi.irau and College Glutinosa) at three 

spacings ( 2502cm., 9. 16cm. and 15. 22cm. in 15cm. rows) on two soi 1 types 

(Puke Puke black sand - plain, arid 1-'otui ti sand-dune) and ;:in interp.:rade near 

Taikorea in the J.:anawatu sand country. 

From sowing in April , 1973 to December, 1973 soil moisture tension 

at 10cm. a'1d 30cm . depth was hiP,her in the Fotuiti sand than in the Puke 

Puke black sa.rid \·1it h the intergrade being intermediate. From December, 1973 

to April , 1974 hi{';h soil moisture tensj_on at 90cm. remained low for all 

three soil types for the duration of the experiment. rrhe water table rose 

from May, 1973 to September, 1973 and fell from September, 1973 to April! 

1974. Both soil moisture tension and water table were controll ed by rainfa1l. 

T;!air2,u had a si.e;nificantly higher percentaee establishr.ient ttan 

College Glu.tinosa in the first 110 days after sowing but these differences 

were not apparent on e year after sowing. Plants spaced at 15. 2?cm . had a 

significantly hir,her percenta.p:e estahlishment than p 1.ants spaced. at 2.02cm. 

or 9. 16cm. , 110 clays after sowing . Th s difference ai::peared to be associated 

with dampine;-off by patho?enic fun~ous species. PJ ants spaced at 15. 22cr".1. 

;:md 9. 16cm. had significantly hicher nodule dry weights and nodule dI"'J 1-.1ei.ohts 

per unit plant dry we i eht than plants spaced at 2.02cm. Coller:e Glutinosa 

pl2..nts had significantly higher root weif,hts than Wairau pln.nts. On Jfotui ti 

sand , plants had significantly higher nodule dry weiphts and nodule dry 

weights per unit plant dry weight than plants on the other two soi 1 types. 

Lucerne dry matter production was significantly hir;her at 2 . 0?.cm . than at 

9.16 or 15. 2?cm. spacing . 

Durine January , 1974, dessication of many plants occured and these 

plants exhibited root damar,e apparently caused by white fringed weevi l 

( G:i;-apo01athous leuco l oma Boh .). larvae. Subsequent investigations showed that 

the number of dessicated p l ant s per unit area was greater in Motuiti sand 

than in the intergrade than in Puke Puke black sand. A simi l a r trend was 

observed in the number of whi te fringed weevil larvae per unit area. 

A g l asshouse experiment was set up to investigate the mortality of 

luc eme seedlings (Variety : Wairau) from 8 to 14 weeks after sowing in F'otui ti 

sand under two moisture reg imes (1(1 and 2(1 of dry soil weight) with three 

populations of white fringed weevil larvae (22, 4d and 88 larv2e/m
2
). It was 

shown that there was a significantly greater plant mortality at 1o% r.~.c. than 

at 2C'!f M.C. Furthermore at 1o% Y.C., surviving plants in plots with a popula-



tion of 22 larvae/m2 had significantly higher root dry weights than plants 

in plots with population of 44 and 88 larvae/m2• Jt was concluded that at 

high soil moisture tensions, damage by white fringed weevi l larvae was more 

critical to the survival of the luceme plants. 
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INTRODUCTION. 

This study was undertaken to examine some of the factors affecting 

the establishrlent of lucerne in the J.'anawatu sand countr.v. Lucerne has 

proved a valuable summer crop in the sand country, yieJding four times the 

dry matter production of pasture from Yovember to mid-January at "Plock House. 

!-Iowever, difficuli ties have been experienced in establishing lucerne stands 

in this area. 

The major limitinr, factors to the establishment and growth of lucerne 

in the sand country are r,enerally considered to be the l a.ck of soil st ruc­

ture resultin~ in wind blow, the low mojsture holding capacity of the soil, 

and the hif,h surface temperatures whi ch can be experienced due to the tJ1ermal 

properties of the sand. Fro\-m ( 1973) has recentJy studi ed the temperature 

factor and found tha t lucerne stands sown in the summer months are liable 

to high seedling mortality because of hieh soil temperatures. 

The factors under investiFt8.tion in the present studj' were the effects 

of different VP..rieties and plant spa cings on the establishment and early 

growth of lucerne on two soil types and an int e r e rade. _From previous work 

(Cowie et al, 1967) it was expected that the soil types chosen would demon­

strate differences in soi 1 moisture status. The field experiment was des igned 

to study how the three varieties with contrasting root systems ,..,ot1J.d respond 

to these differences in soil moisture status at different plant spacin es . 

During the course of the field experiment, i t became apparent that 

plant mortality attributable , at least in part, to the activity of white 

fringed weevil larvae was a major factor affecting the establishmen t of 

l uceme in this area. A further experiment under controlled conditions in 

a glasshouse w;:i.s therefore designed. to study the effect of white fringed 

weevi l larvae and so i l moisture status on the estab l ishment of lucerne. 
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Chapter I: Lit erat ure Review. 

(A) JNTRODUCTI0N . 

Thi s l i terature revi ew gives a general a ccou.nt of the factors aff ectin g 

lucerne establ i shment but emphasis is placed on those factors wh ich are 

considered in this study. The first two sections give a general description . 

of luceme as a crop plant and the T1~anRv,atu sand country. In the remainfog 

s i x sections, most references are specific to luceme establishment and 

growth in the first year after sowing. Un less otherwise stated the literature 

quoted refers to lucerne. 

(B) G~-1 :i;R.AL D:SSCRIFTIOE OF LUCEPJ'T E. 

1. Types and Varieties of Lucerne. 

According to Iversen and l' eijer ( 1?67) , there are two main species of 

l ucerne; r.~edicaro ~ 'ltiva L. , native of a temperate climates , and the Siber ian 

fedicaco falcata L. 

J;r. sativa L. is considered to be native to the area south of the Black 

Sea aYJd Caspian Sea, a distri ct with a pronounced arid continental c limate 

wi th cold winters and hot , dry swnmers . 101, humidity , intense sunshine, high 

da_y temperatures , cool n i ghts , absence of competit ive plants , and soi l s hir,h 

in pH, r i ch in bases and wit h moisture at deep l evel s are other chara.cter ist i cs 

of t he area . Under these conditions there has developed an erect, highly 

productiv e pl ant, of great speed of recovery after cut t ing , with a deep , a l most 

unbrM ched t ap roo t and a v ariable degr ee of wint er har dines s based on dorman cy, 

Diseases a r e rare so t hat v ery litt le resi stance has been dev eloped. The 

flowers are purple, the pod fo rms t wo t o t hr ee spirals, the l eaves are lon g and 

few, while stems are coarse and mainly tmbran ched. 

The native home of~• f a lcat a L. appears to have extended further north 

into Si beria . This is a plant of upland areas, of colder more humid climates, 

of leached acid soils where it has been subjected to much more competition 

and diseases are more common. Under these conditions is fotmd a prostrate 

plant of low productivity, late in spring, slow in recovery, with a much­

branched root and a deep cro~m, giving it excellent resistance to cold; disease 

resistant forms have been evolved. The flowers are yellow, pods do not form 

a complete spiral, leaves are small and dark in colour and stems are fine 

and branched. 

Hybridisation between~• sativa L. and~• falcata L. is complicated by 

the difference in the chromoso~e number (32 and 16) and appears to have been 
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r e l a t ively i nfrequent. However i n termediate f orms whi ch have been given 

specific rank as the spec ies E• media Per. do occur. Cult i vated var ieties of 

t his speci es have' a mixture of varieeate~ , purple, ereen , white and yello\, 

flo1vers ; considerable resistance to disease and f r ost i s fow1d ; stems are 

fine numer ous ~'1d bran ched , and leaves small and nume r ous . In the western 

world P. sativa L. and 11• media Per. are the only species t o be cultivated, 

but in Siberia and China strains of r,•. falcata. L. are in use . 

Iversen and f,:eijer ( 1967) recoenize that lucerne has tremendous 

plasticity due to the more or less riybrid nature of al l cultivated forms , to 

t he fnct that it i s cros s-po lJ.inated and to the heavy mortali t;y in all sowj_ne s . 
1 

Various classific,1,tions of lucem e strains have been made by differen t Horkers. [ 

Criteria used include winter hardiness, growth form , disease resista'1ce , ti rie 

of flowerin e , type of tillering, spring earliness aYJd the type of parenta l 

stock. 

2. Lucerne Varieties used in Experiment. 

2.1 Origin and Characteristics. 

Pa l mer ( 1967) claims that Wairau lucerne (ori r~inally called strain B 

and then J'Tew Zealand Certified lucerne , and always popular]y known as 

Certified Jl'la rlboroueh) was released in 1950. This was produced from 20 found­

a tion platJ.ts of r,!arl borough and two of Grimm , two of Ontario variegated and 

t wo of American commercial . Hadfield and Calder ( 1936 ) suggest that f," a r lborough 

lucerne o r ieinated f ro m the Areentin e but give n o authority for thi s . Palrr.er 

( 196 7) suggests that },'arlborough l uceme may have ari sen by nat ura l selection 

fro m Hun t er Riv er or Proven ce l ucerne in n ew Zea l and with Grimm o r some other 

hybr id l ucerne cont ributine genes to give some degr ee of win ter dorman cy to 

the loca l n ew Zea l and populat ion. Za leski ( 1954) class ifi e s Marlborough 

lucern e as a Medicago s a tiva L. t y pe with a trace of 1-"edicaP.o f a lca t a L. with 

a s emi-erect e rowth form. 

Iversen and ~~e ijer ( 1967) claim tha t Grimm lucerne origi n ated from 

hybridisation of Provence lucerne with wild J.'I . falca ta L. in Bavaria and wa s 

introduced to North America in 1857 from whence it s pread to New Zealand f r om 

Canada as Canadian Grimm, Canadian variegated or Ontario varie~ated. Zalesk i 

( 1954) classifies Grimm luceme as a!!• sativa L. hybrid with a small amount 

of 11• falcata L., namely a 11• media Per. type (Palmer, 1967) which is semi­

prostrate in growth form. Iversen and Meijer claim that Ontario variegated 

lucerne was introduced to Ontario from Germany in 1875 and according to Bolton 

(1962) it is semi-erect in growth habit. 

Thus Iversen and Meijer (1967) classify Wairau lucerne as a Medicago 
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media Per. type with mainly r~edicago sativa L. characteristics with a semi­

erect growth habit. Wairau luceme is s lightly more ,-,inter dormant than most 

l ines of uncertified 1farlboroup,h (Palmer, tmpublished), is high producing , 

pro duces goo d quality hay, .and persists Hell when us ed for either hay or 

grazin g (Palmer, 1967 ). 

College Glutinosa is a luceme v ariety derived from Glutinosa, a natural 

strain of r hizomatous lucerne ,,hich was i mproved by sel0ction a t Lin co 1n 

Collese by Iversen. (Palmer, 1si67 ) . Iversen and I•1eijer ( 1967) c lassify the 

natura l strain Glutinosa as a[• faJ.cata L. hybrid with variee,ated purple 

and yellow flo wers. Palmer ( 196 7) reports that Glutino sa is a variety that 

reput ed ly wit hs t ands grazing weJ.1 tho ugh compar ative trials have not demon­

strat ed any advn."lt aee in this repect over ~-!airau. However Janson a!,d Kni 0ht 

( 1972) consider that altl~ouch Glutinosa did not outyic ld Wairau under grazing 

trials, the more prostrat e nature of Glutinosa and its tendency to spread 

tmder favourable conch tions may t; i ve it more persistence than Wairau under 

f arm-scale grazinr,. Eowever in hay trials Glutinosa has eencral1y pro duced 

about 2o%, less than Hairau (P almer, unpublished) although J a.11son and Knicht 

( 1972) fomid that both varieties p erformed equally in 9n all-hay situation. 

Palmer ( 196 7) r eports that the advantages of Colleee GJ.utinosa have yet to 

be demonstrated in comparative trialse 

The seed of C.R.D. Suckering lucerne comes from 800 crosses between 

(((Sala.dina X Swift Current) X Sp2.nish) X Spanish) and Ramb ler varieties . In 

each generation plants have been selecte d for t heir suckering ability . All 

800 pa rents produce suckers in varyin g degrees and it is expected that 20 to 

5~ of the ir proeeny will have this ability (Palmer, unpublished). Iversen 

and Meijer ( 1967) classify Saladina and Spanish lucerne as f • sativa L. types 

which are both fairly winter activ·e. Palmer ( 1967) r eports that Rambler 

lucern e , released by Heinrichs in Canada in 1955, is a suckering or creeping 

rooted lucern e variety which is very winter hardy and drought res ista~t . 

Palmer ( 1967) expects luceme \·!i th thi s character to be much more resistant 

to mismanagement than non-suckering lucernes , in that they could rega~erate 

a full st an d from remainin g plants and they could be very useful for sowin g 

in difficult situa tions where establi shmen t . is likely to be poor, as they 

could produce a full s tand from a few initial plants. Palmer (1 96 7) states 

that this variety was bred to incorpora te root-suckering ability and high 

winter and total production in one variety, but alt hough considerable progress 

has been made, none of the material with a high degre e of suckering is as 

productive as the best non-suckering lines. Palmer (1967) fotmd that plants 

of this type of variety are equal to standard varieties such as Wairau in 

winter yield but below the best winter growing selections while their summer 



yield i s about 1o% below standard va rieties of Chan ticleer, Du Puits and 

Haira u. 

2.2 Root Systems. 

5 

Heinrichs (1963) states that most of the cultivated lucerne v ari eti e s 

have a tap root system whi ch i s characteristic of varieties orip:inatin r, from 

~• sati va L. A tap rooted plant has a rather narrow protrudine crown , the tap 

root penetrating vertically :into the ground with branch roots ari sin g a t 

intervals fro m it. Such plants are unable to spread sideway • except to a 

lir;ii ted der;rec by cro1-111 c:>:pnn f',ion as the plant aees. 

Heinrichs ( 196 3) identifies branch-rooted lucerne v:-1.r :i ct ies and those 

with a propor tion of both bra11 ch and tap roots which are of more recent origin . 

A branch-rooted p lant differs from a tap-rooted plant in that a number of 

primary root s nri se from the cro...n in stead of on Jy one , ;md the crown is 

inclined to be wider. The primary luceme root emerges n ear the hilium of the 

seed and penetrates the Goi l as an unbranched tap root :initially although 

lateral roo ts l ater orir,inate from it (Grove and Carlson , 1972). Smith (1950) 

f ound t hat adventitious roots developed on root segments of La dak lucerne 

and an M. f;:i.lc nta L. str;:iin. However Heinrichs ( 1963) considers that although 

the brc1nched root system in luoerne can be consi der ed to r esult in a sli~ht 

t rndency for the plant to spread horizontally, the spread is restricted to the 

above- surface cro,,m_. 

Heinrichs ( 196 3) i den tifies two types of root system in luceme whi ch 

enable the plant to spread hori zontally , gener a lly referred to as r hizomatcus 

and creeping rooted. 

GraUJ'Ylann ( 1955 ) defines rhi zoma tous lucerne varieties with reea.rd t o 

cram development and spreading abili t,y as wide low crowned types which have 

the L~heren t abi lity to produce underground stems or rhizomes . A rhi zome C?~ 

be defined as a more or less horizontal unde r ground stem, bea.ring buds :in 

axils of reduced-scale like leaves serving as a means of perennation and 

vegetative propa gation ( Abercrombie et ~, 15'60). Heinrichs ( 1963) reports · 

that these rhizomes expand laterally for varyin g dist an ces, eventually root 

over part of their len gth and emerge from the soil as vegetative stems. Root­

ing may occur not on]y from underground stems, but also from prostrate stems 

lying on the soil surfa ce . Both He inrichs (1954) and Hanson et al (1 960) make 

the observation that rhi zomatous varieties such as Rhizoma and Nomad will 

tend to spread only if climatic conditions are moist and the surface soil is 

moist for pro lon ged periods, particularly in the autunn. Smith ( 1955) found 

a direct relationship between the quantity of rhizomes and the amount of 

~. falcata L. which fi gured in the parentage of the varieties. 

Graumann (1955) defines creeping-rooted lucernes as those with low 
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crowns which spread by means of creepin g root s. These creeping horizontal 

roots arise from the primary root (Graumann , 1955) and are anatomically true 

root structures resembling the primary rqots (Murr ay, 1957) Graumann ( 1955) 

reports that these horizontal or creeping roots nre usually found 10 to 20cm. 

below the soi 1 surface ancl develop buds at irregular intervals which later 

emerge and develop as normal shoots or stems, ea ch of which is cc1.pable of 

developing eventually into an independen t crown and plant. lfurray ( 1957) found 

t hat creepine roots have the ability to produce these adventitious stems on 

a much greater ran ge of roots than branch root s. P.ejnrich ( 1954) fotm cl that 

creeping roo ted plants resultin g from intercro sses between I• falcata I ,. and 

plants of t he varieties Ladak and P. l1izoma expressed the spreading habit to a 

much greater extent than any~• f a lcata L. paren t which appeared to be due to 

complemen t ary gene effects r ather t hc>n to hybrid vi gour. 

However Graumann ( 1955, 1958 ) makes it clear that any one luceme 

strain or va riety may have in one population a variety of crol-m and root types. 

3 • . Historical Developmen t. 

Bolton et~ ( 1972) claim that the history of lncerne or alfalfa is 

a story of the worlds most important forage crop. Being the first forag e crop 

to be domesticated, it was obviously recof.11.ized by early man as a valued crop 

pla-rJ.t . The oldest recorded reference to date indicates that lucern e was used 

as a forage over 3,300 years ago in Turkey and Persia. It soon gained some 

i mportance in Greek a gricnl ture and was acquired by the Romans fror:i Greek 

civilization in the 2nd century B.C . Roman farmer colonists planted luceme 

in southern Spain in the 1st c entury and from Spain it slowly spread to France, 

Belgium, Holland , :Ehgland, Germany, Austria , Sweden and Russia during the 16th 

to 18th c entury. 

However it was in the 18th century that lucerne b ecame distributed 

worldwide when it was taken from Europe to the Ameri cas by the Spanish and 

Portugese and to Australasia and South Africa by colonists in the 19th century. 

4. Lucerne in New Zealand. 

Bolton et al ( 1972) state that the history of lucerne in New Zealand 

is relatively obscure. Lucerne is thought to have been introduced arotmd 1800 

from Europe, although Argentina was also suggested as a place of ori gin by 

Hadfield and Calder ( 1936). i•arlborough is the principal strain evolved in 

the South Island and is particularly well adapted to New Zealand. It is thought 

to have resulted from natural selection of the Provence or Htm.ter River types 
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over a long period of time. Some s bnds in the Manio toto region reputed to be 

up to 50 years old contain a number of v0riegated &Y\d yellow-flowered plaY1.ts, 

so Grimm or some other hybrid lucernes may have contributed gen es and some 

degr ee of w:inter dormancy to the local new Zealand population (Palmer , 1963). 

In 1950 Wai r a u lucern e was rel eased and it is still the mafo variety 

grown. Other varieties used include Hunter River, Rhizoma , College Glu.t:inosa , 

a selected strain of Glutinosa and Chanticleer , a selection of Provence which 

i s also availabl e as a certified variety. 

()fficial statisti c s for the ye?.r 1967-68 quoted by '3olton et al ( 1972) 

show the area of lncerne in New Zeala.Yld to be approximate l y 121,400ha. o f 

which the estimated util isation is 5of, hay , /1,af pasture , %, silage , ~ seed 

and 1% devoted to the pro duct ion of luceme meal . 

Accordin g to Duder and Scott (1 970), l ucerne is mainly gro'\'111. in New 

Zealand in areas \·1here it c an substantialzy out-produce pasture either in 

total or in summer yield. Unless substant i a l yield in creases are obtaLY\ed, 

luceme growing is not ,-mrran tcd because of the extra costs involved in 

establishment , maintenance and handlin g, except where the area available for 

haymaking i s lirni ted and/o r where higher quality feed is required. 

Generally lucerne is most useful on free draining , drought-prone soils 

in areas with less than 750mm rainfnJ 1 per annum and with loH swnmer precip­

i tation. Thus in 1967-68, over 501 of the luceme grown in New Zealand Has 

concemtrat ed in the Canterbu...ry region and over 8(Jff in the South Isla-rid 

( Bolton et al , 1972). Despite this eeneralisation , Duber and Scott ( 1970) 

concede that increasing quan tities of luceme are grown with success on soils 

such as the clay pan s of South Can terbury and North Otago. In suitable areas 

such as parts of the North Isla.YJ.d pumice country, and on light and medium­

light soils of Canterbury , North Otago and rr.ar lboroueh , luceme under good 

man agemen t produces 50 to 10CJ% more total dry matter than pastures with less, 

annua l variation in yield. 

Bolton et al (197 2) note that recently , farmers in areas 9f uncertain 

rainfall in the North Island have b een advised to expand lucerne production. 

5. Agronoicy of Lucerne. 

Jung and Larson (1 972) claim that lucerne especially~• falcata L. 

grows naturalzy under more diverse conditions than most perennial species. 

Environmental conditions for luceme range from those of high latitude with 

low temperatures , wide aimual range of photoperiod and relativezy low light 

in+,ensity, to subtropical environments where temperature fluctuations will 

depend largezy upon altitudinal differences, photoperiod will have small 

range, and light intensity will be high, while superimposed upon this 
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variation will be the ran e e of precipitation (Leach, 1967) . 

Aamodt (1 9~1 ) fotmd that lucerne has survived temperatures as low as 

- 64°c and as hj gh as 49°c and may be fo tmd growing in areas with an a'1n ual 

precipitation of 25cm. or l ess • .Jung and Larson ( 1972) state that low temper­

ature survi.val of lucerne i.s depende!1 t on air a.'1d soil cooline r a t es , min i mum 

temperat ure reached, wa.rmin g rate mi d cold tolerance of the luceme involved. 

Tn tum, the coo lin g rate of soi 1 is essentially related to so il moisture 

percentaee. Peltier and 'l'ysdal ( 1932) exposed an tmspecified soil t _ype a t 

12, 17, and 271' moisture content to an air temperature of -19°c. They found 

that soil temperature decreased to - ,1.° C within 3, 4 md 11 hours r espccti vel;)' 

at the three lower moist ure levels but only to -2°c after 16 hours for soi l 

at 3J{o mo i sture content. 

Heat tolerance of lucerne has been difficult to assess because high 

t emper atures are gm erally associated with low moisture (Jun g and Larson, 

197 2). However , Wilsie ( 1962 ) found that high temperatures ma,y be just as 

limiting as low temperatures in luceme production while it is well reco 1:11 ized 

that p lant growth ceases at hi gh temperatures that are not immediatel,y lethal. 

( Levitt , 1969). 

Several workers (Kiesselbach et al, 1929 ; Fredrickson , 1938 ) ascribe 

t he drourht to l erance o f luceme to its deep pe.11et r ating root system 1·1hich 

can obtain moisture from relatively great depths in t he soil. J.each ( 196 7) 

suggests that the morphology a"ld pliysio l ogy of the crown may also have an 

importan t function to perform. New buds are protected from very high temper­

atures at t he soil surface by bein g develop ed below soil l evel and often 

below t he mass of older stubbles, and rr.ost of the buds w:i. 11 remain dorman t 

mtil adequate moisture available for growth . After summer rains a flush of 

new shoots is pro duced and afte r a · long dry sur.imer period the plan t s wi 11 

usuallJ' then have their highest shoot numbers. 

Lucerne has a unique pattern of growth whi ch has been recognized for 

many years, but surprisin gly, little is kno .. 111 about the control or about the 

extent of variation between cultivars (Leach , 1967). The normal pattern of 

lucerne growth has been described by several workers (Leach, 1967; Langer, 

1968; Mitchell and Denne, 1967). In contrast to the grasses , in which only 

the leaf blades are removed at cutting or grazing and the growing points or 

tiller meristems are left intact durin g most of the year, in lucerne the apical 

meristems are removed when the plant is cut, so that recovery growth depends 

on the availability of sites from which new shoots C&'1 arise. These sites are 

buds situated either in the axils of stubble leaves or on the so-called crom 

of the plant. Langer (1968) states that the crov.n is a very complex and ill­

defined part of the plant which is initially made up of the first few branches 
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of the seedling, those arising in the axi l of the t\-10 cotyledons, t he simple 

l eaf , and the first few trifo liate leaves and it is on nodes on those bran ches 

that buds may appear. 

The normal pattern of growth appears to be that in the spring a number 

of bnds grow up to form shoots . When thes e shoots have r eached a certain stace 

which normally apr ears to coincide with the a pp earance of youn g flowers a new 

crop of buds appears on the cro,-n and is ready to ta1-:: e over ,-1hen the older 

shoots have been cut. This process is repea ted unti 1 these new shoots reach 

the flowerin e; staee. The number of eeneration s of buds t hat wi 11 app ear depend 

on the vari ety md the environment. Smith ( 1962) found that Vernal lucerne 

in Hisconsin produced three een eration s per season i·1hen left uncut . 

(c) DESCRIPrION OF THE rU.1N AWATU/ R.ANGITIK?iI S./.ll JD COlN'11RY. 

1. Topo graphy. 

The rfan awatu/ Ran ei tik ei sand country covers an area of 110,000ha . on 

the Hest Co ast of the l ower North I s land ( Cowie et al , _ 1967) . According to 

Cowi e et al ( 1967 ) the swd country slopes ~en tly inlmd from sea level. This -- . . 

l oH overall r elief of the san d countr;r is ob s cured by the alternation of dunes 

and sand plain s which affects the drainage and pla,vs an importn.'1 t part fo 

the formation of the different soi l s . Basically each dune consists of two 

parallel east to south-cast-trending wjn gs up to 3. 2km in len gth united at 

t heir eastern end to form an apex , which is genera l]y the hi ghest part of the 

dun e. The land enclosed by the dune is a flattish sand plain , which slopes 

up eastwards towards the apex. Near the apex the water t able is some dista'1ce 

fro m the surfa ce, but westward as the surface of the sand plain becomes lower, 

the water table is closer to the surface. At the extreme west of the sand 

plain an d at the f oot o f the next dune the water table is usually at or near 

the surface dependin g on the season. Where the flow of water away from t he 

sand p lain i s restricted by encircling dunes, pea ty swamps, ponds, or lakes 

are formed. 

Although examples of this b a s ic unit ·of dune, sand plain and peaty 

swamp can be found, in many places the pattern is usually more complex. 

2. Climate. 

The Manawatu/Rangi tikei sand country lies within the western Wellington 

climatic district, which is characterised by warm summers and mild winters, 

a reliable rainfall even]y distributed throughout they.ear, and prevalent 
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west to north-west winds with relatively frequent gales (Robertson , 1959). 

Conditions are however, drier than in t he more inlen d parts in this district 

(Garnier , 1950). Cowie~ a1 ( 1967) give an accot1nt of the clime.te of the 

t~anawat u/ Ranei tikei sand country. 

2. 1 Rainfall. 

Most of the rain in thi s district is b rought by wenterly winds, and 

the rcdnfall pattern is l arr,eJy contro lled by th e posi tion of hi f;he r cotmtry 

to the east which causes precipitation of the moisture carried by these winds. 

Thus rain fal1 is lowest in the Rimi tangi- Foxton area where westerl i es have 

li t tle obstruction to t heir passage . Ar.nual r ajnfall in the area in any one 

year ran ges from 800 to 1100mm. Sertsonal vari ations in rainfall are r emark­

ably ccnsistent throughout the a r ea ,-li th a well defined increase ir.. rainfall 

from T.larch, the dri est month to Jun e , the wettest rr.on th follo wed by a decrease 

to September and marked increase durin e October and a decrease over t he st;JT.mer 

months. l:onthly rainfall fi gures t aken at Foxton from 1912 to 1954 s how a 

mean e.nnua l r ainfal1 of 826mm , and extreme annual r ainfa ll of 1100mm, ;m 

average number of r ainde.ys o f 119 a.Y\d a largest number of annual rain days 

on r ecord of 16 2., 

Rainfall data t aken at other sites throughout the a rea do not differ 

markedly from the Foxton data. 

2. 2 Temperature. 

Temperature data r ecorded at Flock House Re search Area near Bulls 

over a s ix year period ( 1948-54) show that there is no great extreme in 

temperatlll'e r ange. Air temperatures are highest in February when the mean 

mon t hl.y temperature is 17. 3°c cm d lowest in July when the mean mon thJy tem­

perature i s 8.o0 c. This is the time of the greatest number of ground frosts, 

which increase in frequency from late autumn and decline in early sprin g . 

Mean 10cm. soil temperatures measured at 9am. are at a maximum of 18.8°c in 

January and a minimum of 6 .1°c in July. However these soil temperature 

measurement s are taken from an alluvial san dy loam and a wider range of 

temperatures would be expected in freely drained sand soi ls. 

2. 3 Wind. 

The dominant winds are from the west and north-west and these have 

con trolled the orein tat ion of the dunes. During spring and early summer 

strong north-west and westerly winds frequently reaching gale force are 

common. These winds decrease in frequency and strength during late summer and 

autumn when easterlies become more frequent. From late autumn to spring light 

winds prevail and calm spells are common. 
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3. Soils. 

Most of this section is based on a survey carried out by CoHie et al 

( 1967 ). The parent material o f most o f the soils of the MPJrnwatu/Rcmg i tikei 

Sand Coun tr-J is wind-blown sand , derived chiefly from greywacke of the c entral 

ran ges, tertiary sandstones and mudstones flankin g these ran ges, and volcan ic 

material from t he Taupo and Tarrn1aki districts . As a re sult of sorting durinG 

tran sport do,-m rivers , a long beaches and inland by wind these r-;;:,.nds are of 

a fairJ,y uniform size grade with neglicible amoun ts of si lt and clay . Thus 

as the sa'1d accumulntes on the beaches, and is built into dtines by the wind , 

the shore line advances seaHard so tha t the youngest dunes and their accom­

panyin g sand plains a r e nearest the coast. Dune buil ding has not bee.l"J. contir..­

uous, ho,·1ever and four distinct phases can be r ecognized. 

The dunes of the Wai tarere Phase form a coastal belt from 0.4 to 3. 22km 

,,,ide and a l so oc c ur as small patches where previous l y stabili sed sand plc:dns 

and dunes o f the J•totui ti Phase have bem wind eroded and their sand trans­

ported inland. These dunes are believed to be less than 120 years old. 

The advance of the Hai t arere dune s i s attributed partly to overgrazing 

and b urning of t he origina l v egetation on previously stabilised dunes, and 

partly to accelerated ero sion inland due to clearinR Dnd burning causin g 

increased accumulation of sand along the beaches. 

The dun e s and sand plains of the Motui ti Phase form a belt up to 

9. 65km wi de in land of the Hai tar ere dunes. According to radio carbon da ting 

o f a totara stump, the advan ce of the Motuiti dunes took place about 750 

years ago and fro m the degree of so il-profile development it is thought 

that the Motuiti dunes became stabilised about 500 years ago . 

The dunes of the Foxton Phase form a 3.22 to 6 . 44km wide belt inland 

of the Mot ui ti Phase and are believed to hav e formed 2000 to 4000 years ago . 

The dunes of the Koputaroa Phase, the oldest phase recognised a re only 

preserved in the northern and southern parts of the Manawatu dis.trict and are 

inland of the Foxton dunes. 

On these four dune phases, different soil associations have been 

formed. Cowie et al (1967) state that the landscape of the sand country is 

made up of the repetition of a basic unit of dune ridge, sand pla in and peaty 

swamp. Over this tmit, differences in drainage determined by relief have 

produced a sequence of soils in which each soil is confined to one segment 

of the landscape. Hence in the sand country, the soils form a repeated and 

predictable pattern related to drainage and relief. These different patterns 

of soils are mapped .as soil associations (Taylor and Pohlen, 1962). 

Individual soil types and phases within an association are called 
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members, principal members being those that individually occupy roughly from 

10 to 7CP/: of the area of the association, minor members are those that indi­

vidua lly occupy less than 10% of the area. Each association i s named after 

its two most extensive members, the name.of the dominant member appearing 

first. Separation of associations is based on the degree o f weatherjng or 

age of the principal members ; the kind of melanisatfon (i.e. whether due to 

forest or scrub) of the dominant member and the pm portion of the various 

drainage classes within the dune unit. 

Because the sand country soils a.re co arse textured and are in a dis­

trict with a fairly low summer rainfall, their suitability for pastures or 

crops is large ly dependent on the amount of soil moisture available durjn g 

the growing season and a l so on their erodibility. Consequent~y, differences 

in soil characteristics such as drainage , content of or1wnic matter, texture, 

structure and consistence-features that determine the moisture status c1.nd 

erodibility cf the soi l - are used as t he main criteria in jdentifyine soi l 

typ es and phases. 

The Wai tarere Dune Phase is represented b.Y Wai tarere sand formed on 

the unconsolidated dunes. Here soi 1 forming processes such as weathering, 

leachin g and melanis2.t ion have had little time to affect the sand , and pro­

fil e development is limited to a darkening of the top 2cm. or so by decom­

posing plant remains. Below this the sand retains the grey colour and Joose 

consistence of beach sands. Soils on the sand plains corresponding to 

Waitarere sand are mapped in the P.:okio s eries. Hokio sand is an imperfectly 

drained soil formed on the low-lying sand plains. Profiles show up to 7.5cm. 

of very dark brown sand changing abruptly to a dark grey slight 1y compact 

sand with few reddish mottles. These two soils form the Fokio-Waitarere 

Association, successful farming of which depends on permanent stabilisation 

of the dtmes P~ d a sufficient area of imperfectly ruid poorly drained members 

on which high-producing pastures can be maintained. 

Foxton dark grey sand or ~otuiti sand as it is now termed (J. Pollock, 

pers. comm.) is formed on the dunes of the lfottii ti Dune Phase. The topsoi 1 

consists of 7.5 to 15cm. of very dark grey to black sand, and this overlies 

5 to 12.5an. of brown, loose sand which grades down into grey , loose sand. 

Associated with this dune soil are soils of the Himitangi series formed on 

the higher s.and plains and the Puke Puke series formed on the low lying swampy 

sand plains. Himitangi sand occurs on the sand plain where the water table 

rises to the lower part of the subsoil in winter. Thus profiles show 15 to 

25cm. of a black sand overlying 15cm. of yellowish grey loose sand with few 

yellowish-brown mottles grading down to a grey firm sand with many yellowish­

brown mottles grading down to a grey firm sand with many yellowish-brown 

mottles. Puke Puke black sand is an imperfectly drained soil where the water 
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table rises to the surface for short periods in winter. The topsoi l consists 

of 15 to 25cm. of a black sand overlyin~ a dark grey compact sand with 

abundant reddish mottles which decrease in number with depth. Cowie and Smith 

( 1958) state that mott le s and concretions are found in t he horizon in which 

the water table fluctuates and can owe their formation to the alternate. 

reduction and oxida tion of iron as the \.iater-table rises or fa,lls , and pre­

vent s or allows the access of oxygen. 

These three soil typ es are part of the two major soil as socjation s 

of the Ifo tui ti Dune Phase. Pastures on tlle soils of the Rimi tangi-Foxton 

associat ion dry off in summer while attempts to establish good pastures on 

r,~otui ti sand have been hamp ered by excessive drainage, difficulty of culti­

vation, rapid erowth of we ed prasses, scrub and bracken fern and breaching 

of the shallow topsoil by grazing stock. Soils of the Puke Puke-Foxton soi l 

associ c1.tion are mo re suitable for farminf, because pastures on the imperfectly 

and poorly drained sand plain soi ls provide feed throughout the summer. Dra in­

age of rorface water is sometimes necessa ry to f a rm these wetter soils . 

Foxton black sand , the oldest dune soil occurs on the dunes of the 

Foxton Dune Phase Profiles show a to p soil of 25 to 30cm . of black s and over­

lying a very slight ly firm, yclloi.;ish bro;m sand which grades down jnto a 

loo se grey sand. On the sand plains of the Foxton Dune Phase , Awahou series 

are mapped on the drier sand plains, the Carnarvon series on the wetter , 

low-1.yine sand plains I and Puke Puke brown sands which were formed under 

forests on the higher parts of the and pla ins. Soils of the Awahou-Foxton 

association do not dry off as severely as those on the Himatangi-Foxton 

association, for the soils contain more organic matter and clay to hold 

moisture. Soils of the Carnarvon black-Foxton association are ideal for 

dairying but poor drainage on the Carnarvon black soils is often a limiting 

factor. 

(D) REQUIREM:ENTS FDR ESTABLISHMENr OF LUCERNE. 

1. Introduction. 

·Since in t·he first season of growth, lucerne roots may reach a depth 

of 150 to 180cm. and 270 to 370cm. root depths have been measured in p~ants 

two years old (Langer, 196 8) the exact time span of lucerne establishment 

can not be strictly defined. In this experiment establishment will include 

the entire. first year of grovrth of the lucerne pla.~ts. 

Management practices in the establishment period can be critical to 

seed germination, seedling emergence, early seedling survival and growth and 
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nodulation. As seed lin~ emereence is usually the fir s t evidence in the field 

that ger mil".ation has occured , seed germination and seedling emergence will 

be considered together c.s the first phase of establishment followed by early 

seedling surviva l and growth which wi 11 be considered as the second phase of 

l ucerne establishment. Although nodnlation and resultine nitrogen fixation 

c an probab~y be better defined as a process , in this case it wi ll be consid­

ered as a third phase in lucerne establishment. 

2. Requirements for Germination and ~;mereence. 

Germination is defined as the processes starting with tr.e imbibition 

o f thE! dispersal unit and ending with the protrusion of the embryonic root 

which ta'k:e place inside the dispersal unit and prepare the embryo for 11ormal 

growth (Evenari, 196 1). 

Seedling emergence can be regarded as the first appearanc e of parts 

o f a seedling above the soil surface. 

Bula and r,~assengale ( 1972) list factors such as temperature , available 

moisture, age and o smotic concentration of the media surroundinP, the seed as 

beinr, lrJ1own to influence the germination of lucerne seed and thus seedling 

emerr,ence. 

2.1 Soil !foisture. 

Mayer and Polj akoff-Mayber ( 1963) state that the fir s t process which 

occurs durine c;erminationis the uptake of wat er by the seed due to tl1e process 

o f imbibitiono During imbibiticn molecules of water enter the seed causing 

swelling of the colloid components which result s in imbibition pressure which 

breaks the seed coat and also to some extent makes room in the soil for the 

developing seedling . The extent to which imbibition occurs is determin ed by 

three factors, the composition of the seed, the permeability o f the seed 

co at to water and the availability o f water i n liquid or gaseo us form in the 

environment. 

Colli s-Geo r ge and Sands ( 1959, 1962) studied the control of seed 

germination, which was taken to be the first emergence of the radicle, by 

moisture as a soil physical property. They found that for three different 

Medicago species , an increase in soil moisture tension produced a decreas e 

in rate of germination until at 10 atmosphere s, germina tion practically 

c eased. However, the moisture condition of the soi 1 centre lled the germina tion 

rate not only by means of this suction effect, but also in terms of hydraulic 

conductivity or permeability. A drier soil has less ability to transmit water 

than a wetter soil, reducing the rate at which water can reach the seed, with 

a consequent decline in germination rate. 

Both matric and osmotic potential strong]y influence the emergence 
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percentage and the rate of emergence (Peters and Runkles, 1967). Tri p lett 

and Tesar ( 1960) found that no lucerne seedling emergence occured ,-ihen the 

soi l moisture ten s ion one day after planting was greater than 10 atrr.ospheres 

on a si 1 t loam or 11 atmosphere s on a sandy loam. Under conditions favouring 

high evaporation within 24 hours after a short-duration rain , the soil often 

dried below the wilting percentage in the top 0.85cm. in treatments with no 

compaction, re sultinG in a very lm-1 p ercentar,e of emerrence . The critical 

period in this case ,-,as the time required for the seeds to in.i tiate eermin­

ation and for the radicles of the seedlings to extend into a z.one of soil 

with ample moisture for the development of the seedlings . 1-ihen this occured, 

the moisture content in the orie inal location of the seed was no lon ger 

cri tic·a1. 

J\yers ( 1952 ) believes that eermination may be affected by increasing 

osmotic concentrations of the medi a surrounding the seed through either 

decreasing the rate 2.nd total amount of water absorbed or by increasing the 

entry of ion s in quantities sufficient to be toxic. Generally , the percentac e 

of seeds germinatinp, decreases as osmotic concentration increases (Bula and 

T,1a ssengale 1 1972) but seeds of various cultivars differ in their ability to 

tolerate salinity and/or other osmo tic gradients during r,ermination. Certrdn 

salts are knoi'm to be more toxic to lucerne seeds than others. (B ula roid 

~assengale, 1972). Uhvits (1949) found a greater reduction in germina tion of 

lucerne seed from sodium chloride than from mannitol at the same osmotic 

concentrations. 

2.2 Soil Temperature. 

Shaw ( 1952) claims that germjnation and emergence are intimately 

related to soi l temperature. Bula and MassenP,ale ( 197 2) state that temper­

ature regulates speed of germination primarily through its role in r egulatin~ 

the metabolism of the germinating seed, generally an increase in temperature , 

within lirni ts, wi 11 increase the rate of germination and emergence. 

Larsen (1965), using a thermogradient plate found that after six days, 

lucerne (Variety: Ranger ) germination had occured within a soil temperature 

r ange of 12 to 38°c with maximum germination occuring at 25°c. 

Dubet z et al ( 1962) found that the percentage of emergence of lucerne 

(Variety: Vernal) was significantly higher at 18°c than at 6°c or 24°c but 

there was no significant difference in percentage of emergence between the 

lowest and highest soil temperature. 

These differences in results may be due to differences in seed treat­

ment or condition both of which may affect germination response as a function 

of temperature (Larsen, 1965) or to varietal differences. 

Heinrichs (1967) studied the rate of germination of twenty lucerne 
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varieties at 5, 10, 15 and 20°c and foun d significant differences in rate 

of germination between varieties at each teMperature alttough for each 

variety the r ate of germination increased with increasing temperature. 

Williams ( 1963) considered that the emereence force of the seedling 

was critica l where so i 1 crusts , so i 1 compact ion , rough sePdb eds or excess ive 

depth of plan ting occured and found the maximum emerr,ence force at 30°c wi t h 

a significa11t positive ccrreJation between emerr:ence force and seed size. 

2. 3 SeAd Viability and Vigour. 

Mayer and Poljakoff-!1'a._yber (1 963) claim that seeds are fairly resis­

tant to extreme externa l conditions, provided they are in a state of dessi ­

cation. As a result seeds can retain their viability for considerable periods. 

The le
0

ns:th of time for which seeds can remain viable i s extreme~r variable 

and depends both on the storage conditions and on the type of seed. 

Viability can be r etained for very long periods of time, especially 

in seeds having a hard seed coat. l-'a.yer and Po lj akoff-V.eyber ( 196 3) state 

that a h?.rd seed coat ma._y be impermeable to water, impermeable to eases or 

it ma._y mechanical ly const rain the embryo. The impermeability of seed coats 

to water is most ·widespread in the Legwninosae. Graber ( 1922) demonstrated 

the effectiveness of scari fication for the improvement of immediate germin­

ation but notes its deleterious effect on the longevity of lucerne seed. 

Using hard seed , Graber (1 922) found a r eduction in germination of lucerne 

seed from 94. % to 47% aft er storage in a coo 1 place for ten to twelve years. 

Blair ( 1971) quo tes data from 79 ~ermination tests of J.ucerne conduct­

ed in New Zealand that stow that the occurence of hard seeds in individual 

samples is variable, averaging 15-2% but with a ran r e from single fi gures 

up to 4CJ%. Thus Blair (1 971) r egards delayed germination derived from hard 

seeds as a factor in the disparity of plant vigour within a lucerne seedling 

population. 

Zaleski (1957) claims that hard seed is variable and can produce 

seedlings by the end of the first growth season but only a very small per­

centage of hard seed could normally be established under field conditions 

owing to competition from plants already established from normal seed. 

Thus apart from seed viability, the speed of seed germination or seed 

./' vigour is an important factor in establishment under field conditions. Seed 
\ 

vigour will depend on several factors such as seed size, storage and disease 

effects. Beveridge and Wilsie (1959) found no consistent relationship between 

seed size and emergence but found that the growth rate of resulting seedlings 

increased as seed size increased. This was attributed to greater cotyledonary 

food storage in the larger seeds, thus giving greater nourishment to the 

young plants. Walter and Jensen ( 1970) also found a relationship between seed 



size and seedling vigour. 

2.4 Depth of Sowing. 

Depth of sowing is a critical factor in the establishment of the 

relatively small lucerne seed. The optimal depth of sowing appears to be 

dependent on so il texture , soil moisture and degree of compaction. Triplett 

and Tesar (1960) found that when emergence was dependent on moisture present 

in the soil at the time of sowing (no irrigation), increasing compaction 

from O to 12 psi ( 84 kPa) and depth of sowing from O to 2. 5cm. improved 

moisture conditions around the seed and resulted in a proF;ressive increase 

in initial emerr ence except at maximum levels of seed depth and soil compac­

tion on the sandy loam which crusted easily. 

Hhen plants were irrieated with 12. 5mm of water after sowing, initial 

emergence was highest H:len seed was planted 0.6 25cm. deep on the sandy loam 

and 1.25cm. deep on the silt loam. Increasing the degree of compaction 

improved emergence at all sowing depths on the silt loam and at the Oto 

0.625cm. depth on the sandy loam. 

()ptimal sowinr, depth for both soils was 1.25cm. which agrees with the 

findings of other workers (Nel and Burgers, 1968 ; Beveridge and Wilsie, 1959). 

3. Requirements for Seed1ing Survival and Growth. 

Bula and Massengale (1972) list temperature , light , avai1able soil 

moist ure and nutrients , seed size and environmental conditions under which 

seeds matured as factors affecting lucerne seedling vigour and growth. 

Halt er and Jensen ( 1970) found that air temperature and soil mo isture 

during the period of seed production not on ly influenced seed weight and 

percent germination but also influenced the growth of seedlings grown from 

that seed. 

3.1 Soil l' oisture. 

Bul a and Massengale (1972) state that available soil moisture great ly 

influences growth of lucerne seedlings. A readily available soil moisture 

supply durine the seedling stage is important but excess moisture reduces 

soil aeration and may result in a shallow root system and plants with small 

crowns. In addition excessive soil moisture may induce seedling damage or 

loss by "damping-off" pathogens. 

The effect of water stress on growth is most pronounced in tissues 

that are developed rapidly (Bula and Massengale, 1972) and such tissues 

comprise the major part of the plant during germination, emergence, and 

initial growth. 

Cowett and Sprague (1962) consider soil moisture to be one of the 
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factors affecting the occurence of basal shoots on the crovm of the lucerne 

plant. 

TABLE I.1. Growth of Lucerne Seedlings as Influenced by Soi 1 Mo isture 

(harvested at 8 weeks of age). (Co wett and Sprague, 1962) 

Characteristics of Growth. 

Stems/ Buds/ Plant Poot rop 

:Mo isture. Plant Plant Height Height/ ;•/ei ght/ 

(cm.) Pot ( g.) Pot( r; .) 

l ow ( 10 at r.iospheres) 2.58 1. 22 18.0 2.74 2.19 

Medium (3 atmospheres) 3-33 1. 54 36.4 4.74 5.13 
High ( 0. 5 atmospheres) 3.56 1. 78 42. 5 4. 41 6. 71 

Thus soil moisture expressed itself as a factor controlling over-all 

growth as all characteristics varied similarly. Pl ant s with the greatest 

yields of either tops or roo ts and those with the greatest heiRht possessed 

the lareest number of stems and buds per plant. However when plants f r om the 

low moisture treatment were cut and subjected to higher moisture levels, 

comparable yields and stem numbers were obtained to those from plants which 

had been subjected to a high mo i sture t r eatment for both growth periods . Thus 

soil moisture during a previous growt h period had no significant effect on 

plant growth measured a t a l ater harvest . The number of stems was greater 

where soi l mo isture Ha s high during the recovery period regardless of the 

size of crowns or root system at the previous harvest. Apparently, an accum­

ulation of carbohydrates in the roots and crowns under the low-moisture 

condi tions (Willard et a l, 1934) was such t hat plants following this treat­

ment produced more stems and buds per unit of crown than plants not subjected 

to moisture stress, t hus compensating for smaller cro wns. 

Gist and Mott ( 1957) also reported that growth of both tops and roots 

of lucerne seedlings was reduced by increasi ng the moisture stress. They 

found i mportant interactions between the effects of li ght intensity and soil 

moisture on seedling development such that at low light intens ities the large 

root growth which is characteristic of lucerne and attributes largely to its 

droueht tolerance, did not occur. 

Leach (1967) believes that the lucerne plant has a buffer against s hort 

term changes in transpiration losses in its distribution of roots through a 

large volume of soil, although little is known about where the active roots 

are. Houston (1955) found that established lucerne plants obtain 46% of their 

moisture from the top 6.1dm. of their root zone in irrigated soil. However 
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these percentages can va.ry, depending on climatic conditions , depth and 

amount of roots within the soil profile, soil texture and perhaps other 

factors (Jung and Larson , 1972). Therefore an exten sive and deep root system, 

is important for survival in semi-ari<l areas because plants with sha llow roots 

are unable to secure moisture from lower depths. 

Differences in water requirement between varieties of lucerne were 

report ed by Briggs and Shantz (1 914) and Shantz ru1d Piemeisel (1 927 ). Water 

requirement is influenced by external environmental factors, such as temper­

ature, evaporation, soi l texture, soil salinity, depth and extent of root 

penetrat ion, and sources of water (Bolton , 1962). 

Tnylor ( 1952) found a hi ehly significant linear decrease in yield of 

second year lucerne with soi l moisture tension as meRsured with gypsum blod~s 

and t ensj ometers. 

3.2 Li cht. 

Bula and Massengr1le ( 1972) state that intensity, duration and quality 

of li ght are influenced by lat itude , time of year, atmospheri c conditions, 

and elevation. Bula et a l (1959), using li eht intensities up to 32,000 lux, 

observed that total plant dry-weieht accumulation was essentially proportional 

to intensity of light. 

Gist and ~~ott ( 1957, 1958) erew legume seedlings in J.ieht intensit ies 

ranging from 2200 to 17,200 lux for 12 hours per day and reported a curvi l­

inear growth response. Growth reponses to different intensities of light 

varied with stage of seedling development. 

Vatches et al (1962) reported that lucerne seedlings were not tolerant 

of low light intensities. Lo,-; light intensities reduced total plant dry 

weight, and weight of aerial parts. These results further confirm that root 

production is affected more than shoot production as light intensities decrease 

3.3 Soil Temperature. 

Garza~ al (1 965) reported that growth of lucerne (Varieties: Culver 

and Tanverde) seedlings up to 4 weeks of age was better at 30°c than at 15°c. 

Growth of 8 week old see.dlings , however was better under alternating temper­

atures of 30°c during the day and 15°c at night. These temperatures resu.l ted 

in an 18 and 4o{o increase in dry matter accumulation during 4 weeks period 

over constant temperatures of 15 and 30°c respectively. This was attributed 

to the increasing amount of non-photosynthetic tissue with advancing age 

resulting in high temperatures increasing respiration more than photosynthe­

sis, especially when such temperatures prevail at night when photosynthesis 

ceases. 

Ueno and Smith (1970) found that highest weights of all lucerne 

(Varieties: Vernal, Cody and Florida 66) plant parts at 35 days growth were 

obtained in a warm (27°C day/21°c night) air temperature regime compared with 
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a hot (32°c day/ 27°c night) and cool ( 21°c day/15°c n i ght ) a ir temperature 

regi me . 

Jensen et a l ( 196 7) report ed that l uc er ne (Variet y : 1>1oapa ) plants 

gro wn in a warm regime ( 33°c da,y/17°c ni~ht) gr ew faste r and reached 10% 

b loom in about half the time as p l ants grown in a coo 1 re r ime ( 2 °c/ 4°c). 

Further , dry matt er y i elds were significantly lower when root t emperatures 

were main t ained at 9°c than when root temperatures were 16 , 2Li. or 32°c but 

there were no sienificant differences in forage yield among plants e rown at 

t he three highest root ter.peratures. 

McEl gunn and Heinrichs ( 1970) fo und i mproved growt h of lucerne 

(Var ieties: Rambler and Alfa) roots and tops at 20°c than at 10°c or 15° c 

soi l temperature . 

Brown ( 1973) found tha t high soil temperatures near the surface o f 

a Himi ta..Y1gi sand in the 1-"anawatu sand country caused substantial seedling 

morta lity with a temperature of 45°c shown t o be lethal . 

3. 4 Li ght Temperature I nteractions . 

Top and root growth reponses to temperature and ligh t intensity are 

interre lated as sho,m by Gist and Vott ( 1957 ) for l ucerne ( Variety : Tianper) 

seedlings . 

T/,BLE I . 2. Top Dry Weight of Lucerne Seedlings ( g/pot) Gro1•m a.t Four Air 

Temperatures and Thre e Li ght Intensi t ies for 45 days . ( Gi s t and 

Mott , 1957) 

Light I nt ensity Temperature s 

(f. c.) 16° c 21-3°c 26 .6°c 32°C 

1200 1 .655 1. 521 1.079 o.688 

600 0.942 0. 991 o. 887 0.449 

200 0.152 0.135 0.127 0.125 

TABLE I. 3. Root Dry Wei ght of Lucerne Seedlings ( g/pot) Grown at Four Air 

Temperatures and Three Light Intensities for 45 days. (Gist and 

Mott, 1957) 

Light Intensity Temperatures 

(f.c.) 16°c 21-3°c 26.6°c 32°C 

1200 0.969 0.907 0.642 0.249 

600 0.419 0.432 0.290 0.119 

200 0.039 0.021 0.018 0.020 
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These interactions were further examined by Steinke ( 1963) who found 

that hi,gh light intensiti es ( 3500 f t. c) increased lucerne (Variety: Wairau) 

root dry weiehts s ignificant ly at either a 18°c da:y/ 5°c nir,ht or 18°c day/ 

10°c ni,ght air temperature reP,ime. 

3.5 Soil Fertility. 

Bolton ( '1 96 2) lists phosphorous, ca lcium, potassium, magnesium, sulphur, 

boron, iron, manr-a.nese , zinc, mozybd enum, copper and chlorine as minera l 

elements essen t ja l for lucerne f rowth, the last seven of which are required 

only in trace amount s. 

Tesar and J ackobs ( 1972) claj m that in addition to ca lc ium which i s 

suppli ed bylime, phosphorous and potassium are eJements most likely n eeded 

for sfand e stablishment. Lathwell ( 19r:6 ) claims that phosphorous i s particu­

larly i mpo rt ant because of its role in root developmen t. 1foen a soi 1 is 

deficient in potassium , this element must be applied in adequate quantities 

for hieh forage yieJ.ds and winter survival. 

Cowett and Sprague ( 196 2) grew lucerne seedJ.inr,s under t wo levels of 

nitrogen, phospho rous and potassium with all minor el emen ts provided in 

abundance to alJ. treatments. 

TABLE I.4. Effect of Witrogen, Phosphorous and Potassium LeveJ.s on Growth 

o f T,ncerne SeedHngs in a Sand Culture . (Cowett and Sprar,ue , 1962) 

Characteristics of Growth . 

N P K St ems Buds per Top weight ~rown weieht Roo t weight 
Levels . 

per pl ant. pJ.ant. per pot ( g .) per pot (g.) per pot ( g .) 

H H H 7. 2 2.5 23.25 3. 17 29.07 

H H L 5.9 1.8 16 .18 1. 56 14.76 

H L H 1.6 0.4 1.14 0.22 .1. 32 

L H H 3.0 1 • 1 1. 58 0.22 2.46 

LLH 1-3 0.4 0.87 0.15 1.54 

L H L 2. 8 1.4 . 1.65 o. 26 2.40 

H LL 1.4 0.2 0.85 0.23 1 .49 

LL L 4.6 1 • 1 4.46 0.49 5.33 

Nutrient balance was revealed to be more important for growth and 

basal shoot development of lucerne seedlings than nutrient levels and it is 

suggested by the authors that a balanced supply of nutrients may have an 

effect on efficiency of photosynthesis. 

Of the elements previously listed, onzy six have given worthwhile 

responses in lucerne in New Zealand. These are phosphorous, potassium, sulphur, 
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molybdenum, copper and boron ( Dale, 1967). In addition lime reponses due at 

least in part to altered soi l pH are important especially on acid soils. More 

calcium is needed for nodulation than for plant gro·,rth (Loneragan and Dowling , 

1958; Andrew and Norris, 1961 ) a.nd even greater amou.Y).ts are required for 

nitrogen fixation (Loneragan, 1959). 

Acid soi 1 conch tions are knovm to adverse 1y affect lucerne root 

development (1.1cLeod and Jackson, 1965; '·!hite, 1960, 1965a, 1965b) and marked 

effects of lime in improving root development have been reported. Timing the 

lower layers of the soil markedly affected root distribution of the lucerne 

(Schme1 et al, 1952) and encouraeed normal tap root development (White, 1965a). 

White ( 1965a) found that lucerne developed short brown branched roots where 

onJ,y 500 kg/ha. of lime was applied in the dri 11 row but developed long 

straineht 1--1hi te taproots where 2500 kg/ha. was broadcast and rotary hoed to 

10cm. depth. 

Hhi te ( 1970) in a sod seedine, trial with lime pelleted lucerne on an 

acid soil (pH 5.5) in the tussock prasslands of the South Island, found that 

increasing rates of lime from zero application to 5022 ke/ha . increased dry 

matt er production which was associated with the production of more and larger 

nodule se A heavy rate of lime broadcast on the surface of the pJot cenera ll,y 

proved superior to n smaller amount of fine lime in the drill row , apparently 

by stir:mlating more widespread nodulation. No significant effects on taproot 

development were measured, al though taproots 1--1ere present on more plants 

where lime was broadcast than in other treatmen ts. 

The effects of lime in alleviating poor root development o f lucerne 

have been variously attributed to lowering toxi c levels of hydrogen ions 

(White , 1965a), manganese (Schmel et a l, 1950) or a l uminium (~ cLeo d and 

Jackson, 1965) i n the soi l. 

3. 6 Wind. 

Susceptib i lity o f t he s and-country soils to wind erosi on i s great est 

f o r t he soi l s wi t h low amo unts o f organic matter and excessiv e drain age , and 

it de creases a s drainage b ecomes poorer and the organic mat ter content of 

the soi 1 i ncreases . ( Cowie et a l, 196 7) 

Wind ero sion is initiated when the pressure of wi n d against the s ur­

f a ce grain s overcomes the f orce o f gravi t y ho l ding t he grains. The gr ain s 

of s and move in series of jumps and bounces ( sa ltation ) and t his movement 

is accompanied by surf a ce creep of larger and denser part i cles and suspens i on 

of the smallest and lightest par ticles (Chepil and Woodruff, 1963; Williams, 

1972). 

As the wind erosion on bare or sparsely-covered soil depends on wind 

velocity at the soil surface, methods of overcoming wind erosion usually 
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involve methods of reducing surface windspeeds or of increasing cohesion of 

the particles on the soil surface. Vegetation covers effectively reduce 

surface wind speeds (Chepil and Woodruff, 196 3) and mey bind surface parti­

cles and suspension of the smallest and lightest particles (Chepil and 

Woodruff, 1963; Williams, 197 2). 

Apart from wind erosion, resulting in the burial of seeds and seedlings 

under blown sand, other harmful effects of wind on crops include wind rocking 

of plant s, causing cracking and twisting of stems and in prolonged high 

velocity wind, transporation losses can be harmful (Williams , 1972). 

However Kramer ( 1969 ) r eports that most of the effect of wind on 

transpiration occurs at low wind velocity ( 0 to 5km/hr.). Wind acts directly 

to increase transpiration by reducing th e resistance of air to water move­

ment. It acts indi r ectly to decrease transpiration by coo ling l eaves and 

therefore reducing the water potential gr adient from leaf to air. Knoerr 

( 1966) r eports t hat at low levels of radiation a breeze should increase 

transpiration while at high levels ( when the leaf is ,-:armer than the air) a 

breeze should reduce transpirat ion. 

3. 7 Time of Sowine . 

The common sowing times for lucerne in New Zeahnd are the late spring 

and early summer when soil temperatures are high enough to give rapid germin­

ation and the plants will be established before the first winter. 

However Peters and Peters (1972) consider that weeds are often more 

of a problem in spring planted lucerne than in lucerne planted at other times 

because abundant moisture and favourable temperature in the spring cause 

large numbers of weed seeds to germinate. Also as the dcylength shortens in 

late summer, most summer annual weeds f!P into the reproductive stage in a 

shorter time than those germinating in spring and consequently offer less 

competition to new seedlings. 

Furthermore, the only reliable period adequate moisture is available 

for lucerne establishment in areas such as the Nanawat u Sand Country is the 

cool part of the year from autumn/early winter until the early spring (Flock 

House Report, 1972). The cooler weather and shorter dcys at this time of the 

year reduce soil moisture losses to a minimum and the seedlings are not so 

dependent on subsequent rain for successful establishment. 

Cowie et al (1967) state that from late autumn to spring light winds 

prevail and calm spells are common in the ~anawatu sand country reducing the 

possibility of wind erosion. This could be another advantage in selecting an 

autumn sowing time especially on more exposed areas · nearer the coast. 



25 

4. Requirements for Nodulation. 

4. 1 Nodulation Process. 

The nodule is the focal pojnt bf reaction between rhizobia and legum­

inous plant. Burton ( 1972) briefly reviews the fundamental features of 

rhizobi um nodul ation in lucerne. Rhizob i a proliferation and root-hair curling 

precede infect ion, but the mechanism of entry of the rhizobia remains obscure. 

Curling m2.y be induced by either homologous or heterologous rhi zobia. The 

first evidence of spec:i cifi ty occurs with entry of the rhi zobia and infection 

t hread initiation that is induced only by homo1ogous strains of bacteria. 

Development of a visible functional nodule depends upon many factors 

after infection occurs as evidenced by the small number of infected root hairs 

( 1 to 5%) that actual]y develop into nodules. The infection thread must pene­

trate the root cort ex, locate tetraploid cells, stimulate rapid cell division, 

and release the bacteria. The rhi zobia following release must multiply infect 

other plant cells and chan6e to bacteriods. The resulting bact eriod tissue 

may still fail to fix gaseous N or may functio n for only a short time. 

4.2 Rhizobi~m Specicifity. 

The three legu .. rne genera Trifolium, Medicago and Lotus not only form 

nodules with three separate cross-innoculation groups of rhizobia with no 

effective cross-nodulation between them but within each of these eroups there 

is also a wide range of strai ns of bacteri a which show variation in temper­

ature and pE limits for growth and a large variation in the ability to form 

an effective symbiosis with host plants of their particular cross-inno cu l a­

tion group. (Parle, 1967) This variation in effectiveness is related to 

genetic factors in both plant and bacterium as shown by Nutman (1958) and 

Gibson ( 1962). 

Several workers in New Zealand and Australia (Blair and Bennett, 1960; 

Purchase et al, 1951; Brockwell and Rely, 1961) have demonstrated the 

differential reponses of lucerne varieties to specific strains of fil• meliloti. 

However in practice, Blair and Bennett ( 1960) note that the use of multi­

strain cultures seems to cope with the differential responses of the lucerne 

varieties at present used in New Zealand. 

4.3 Level of Inoculum. 

All the species of Trifolium, Medicago and Lotus now in New Zealand 

have been introduced from overseas, and are not closely related to any native 

leguminous plant. Thus it is very probable that their associated rhizobia 

are al.so not native but were origina~ly introduced by chance during the early 

days of settlement in the countl'J'• Since then they have been spread widely 

by a number of agencies - for example as contaminants on seed, the feet of 



26 

anima ls, agricultural implements and in dust, flood water and agricultural 

lime ( Greenwood, 1964). 

However, except in very few places where large areas of lucerne or 

other ?-~edicago species have been grown for many years, innoculation of .lucerne 

i s n ecessary to ensure adequate nodulation ( Greenwood, 1964). The renson for 

the poorer spread of Rhizobium meliloti probably lies in its lower tolerance 

to soil pH below 5 (Vincent, 1958). Jensen (1942) showed that in nutrient 

solution the optimum pH for Rhizobium meliloti growth is between 7 and 8. 

Commercia l innoculants used at present in New Zealand supply over 1000 

rhizobi a per seed and this is usually sufficient for effective nodulation 

provided the soil pH has been raised to 6 or higher. In certain problem soils, 

however there may be improved nodulation of very high levels of inoculum are 

used. On acid soils, both the percentaee nodulation and the numbers of nodules 

per plant increased with increasing level of inoculum on the seed (White, 

1865a, 1966 ) Hhere s eed had been drilled. Hhi te ( 1970) found that increasing 

level of inoculum r,ave a hi ghly significant improvement in percentae:e 

nodulation and number of surviving nodulated plants when seed was broadcast 

on to a South Island steephmd Y. G. E. ( pH 6.1) probably due to the hi eher 

mortality of rhizobium on the surface exposed seed by dessication from the 

sun and 1-1ind. 

4.4 Rhizobium Toxicity. 

Parle (1 964) at Wither Hill first demonstrated a material toxic to 

lucerne rhizobi a occured in the rhizosphere of danthonia roots. Both Parle 

( 1964) and later ,,1orkers (White, 1970; J anson and White , 197 1b) found that 

destruction of the danthonia using a herbicide such as paraquat some six 

we eks before sowing woul d stop the production of toxin and allow amp le 

opportunity for a decrease in its concentration before sowing by lea ching 

(Parle, 1964) and adsorption (Rice, 1964) and great ly enhance subsequent 

nodulation. 

Thompson ( 1960) and Bowen ( 196 1) have demonstrated the pre sence of a 

toxic material in the co at of a number of legume seeds and it has been 

suggested that the initial rapid death of innoculated rhizobia could be due 

to this material. 

4.5 Seed Pelleting. 

White ( 1966) comments that if the full value is to be obtained from 

innoculation, the seed must be sown under conditions which favour survival 

of· the applied bacteria. Once the rhizobia are innoculated on to the seed 

coat, death can be fairly r apid (Vincent, 1958) and in order to obtain a 

reasonable level of viable rhizobia on seed at sowi ng, precautions need to 

be taken if seed is to be stored after innoculation. Several workers 
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(Vincent, 1958; Brockwell and. Phillips, 196 5a; Burton and Gurley , · 1965) 

have shown the use of peat as a carr i e r i mprove s th e storage life al"l d a ids 

surviva l of organ i sms on seed a f t er innocu l a tion. Eowever Blai r ( 1971) fotmd 

a v ery s har p declin e in Rhizobium nv.mbers when coated or peat cultured 

i nno culat ed seed had been sto r ed in coo l conditions. The decline in numbP.rs 

o f viab l e rh i zobia on the seed surface depends on severa l fact ors i ncluding 

t emperature 2.11d humi dity . (Par le, 1967) 

Hastings and Drake ( 1960) deve)oped a method of pe llet ing innocu l ated 

seed which involved protecting the rhizobia on seed by applyin g them i n a 

bonding agen t , methy l cellulose and then covering them wi t h a layer of 

finely powdered non acid materials. I mproved nodulation and establishment 

o f lucerne has been obtained on acid soils from t he pelleting of inno culated 

l ucerne seed \vith lime and certain other materials. (Lobb, 1?58; Blajr and 

Bennett, 1960; Ea.;yman , 1964 ) . White ( 1966 ) co mpar ed the e ffect of s ever a l 

t ypes of pe llP.ts on seed sovm on a"1 tJ_plan d yellow-brovm earth ( pH 5. 5) in 

t he South Island and conc luded that f ine)y divided Hme was the best mat eria l 

to use . 

TABLE r. 5. Effect s o f Pelleting on 1fodulcltion of Lucerne. (Wh i te , 1966 ) 

II 
Pellet ing Tr eatment Percenta.ge o f plants effective ly 

nodulated after . 11 weeks . 

Lime alone 60.4 

Lime/Ga s f a pho sphate 48.2 

Lime/dolomit e 37. 4 

Dolomite 34.4 

Ga s fa pho sphat e/ dolomite 21.6 

Innoculat ed s eed o.8 

Uninnocula t ed seed Nil 

Pellets perform several function s (Hastings et al, 1966) but in 

lucerne the ma in effect of the lime pellet i~ the raising of soil pH imme­

diately adjacent to the seed thus permitting better survival and/or multipli­

cation of the rhizobia (White, 1967). However the calcium requirement for 

growth of rhizobia bacteria is low (Loneragan and Dowling, 1958; Vincent, 1g;2) 

although Blair and Bennett (1960) suggest that calcium may render magnesium 

available through cation exchange for the rhizobiurn which have a greater 

requirement for magnesium than for calcium (Norris, 1958). The pellet also 

protects the rhizobia against dessication during storage or when seed is 



surface sown, and aeainst possible damage from contact wit h fertilisers 

(Adams , 1964). 

28 

Bo th White ( 1966 ) and Hayman ( 1964) have conducted pot trials which 

s how that lime pelletine of seed can result in nodulation equal to that 

obtained from heavy liming. 

TABLE I .6. Effects of Lime and Seed Pellet int; on Wodulation of Lucerne . 

(White, 1966 ) 

Treatment 

Unpelleted 

Phosphate/ Dolomite-pelleted 

Lime-pelleted 

Unpelleted + 1 ton/acre 
( ?.460 kg/ha. ) 

Phos/Dol-pelletcd + 1 ton/ acre 
lime (2460 ke/ha.) 

Lime-pelleted+ 1 ton/ acre 
lime (2460 kg/ha.) 

Percent age of plants effectively 

nodulated after 11 weeks. 

6. 1 

21.8 

90.9 

90. 6 

92.7 

These results suggest that in some moderately acid soils effective 

nodulation of lucerne can be obtained by lime- pel l eting of innoculated seed 

alone . However White ( 196 7) comment s that goo d no du l ation of lucerne does 

not necessarily mean good establishment and growth. Recent work in t ussock 

co untry of t he South Is l and (Hayman , 1964; Lowt her , 1965 ; Whi te, 1966 ) has 

s hown that lucerne can become nodulated in aci d soils throug h lime-pelleting 

of seed, and yet st ill not gr ow well in the field unless lime is a l so applied, 

although in pot s i t may grow a s well as l imed treat ments. 

Loneragan and Dow.ling ( 1958 ) suggested that t he effect of liming on 

no dulation was t hrough its i nfluence on the l evel of ca lci um in the plant. 

The eff ects of hydro gen and ca lcium ions may -be partly on root hair length 

and density (White, 1965; Whit e and Powrie, 1967). White and Powrie (1967) 

showed that in nut rient solution the effects of calcium and pH on root hair 

development were closely related, suggesting that one of the main effects 

of· calcium and pH was through effects on root hair development. For example, 

at pH 5.0 no root hairs or nodules were present oh lucerne at any of the 

calcium levels used. 

Rhizobia normally invade legume roots via curled root hairs and as 
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little curling occurs where l ucerne root hairs are less than 150u in lengt h 

(Thornton , 1936), the l engt h and density of root hairs may l arge ly determine 

the percentage of root hairs that curl and the no dules which form , so long as 

rhi zobial numbers are non-limit ing (White , 1967). However as Hhite ( 1967 ) 

points out, it is difficult to separate the effects of calci~~ and pH on 

no dulation in the field owing to interactions with the rhizobia l population 

and the infection process itself. 

(E) TYPES OF EST/\BLISffi\1IlJT PROCEDURES. 

The three major sowing methods used in the establishment of lucerne 

are oversowing or broadcasting, overdrilling and drilline into cultivated 

ground. Various sward treatments, including chemical treatment and burning 

can be used in asso ciation Hi th all of these sowing methods . 

Several workers (J anson and White, 1971; White , 1966) have sho,.,rn the 

different effects of method of soving on aspects of lucerne establishment 

which include tot a l germination , time of germination, early seedling survival 

and nodulation. In addition much work, relevant to lucerne has been carr ied 

out on other leeumes (CuJ.len, 1966 , 1969 , 1970; Campbell , 1968 ; Harboys, 1966; 

Watkin and Vickery , 1970). 

Janson and White (1 971) compared two sowing methods (broadcasting and 

overdrilling) and three sward treatments (burning , paraquat , dalapon/amitrole) 

for introduction of lucerne into uncultivated country at two sites in the 

South Island, differing in rainfall and vegetation but r epr esentative of 

large areas of country on which lucerne may have agronomic advantage over 

other legumes. 

Overdri lling was much superior to broadcasting at both sites , as 

sowing of the seed into moist soil r esulted in high and rapid germination 

and excellent early seedling survival, irrespective of rainfall, vegetative 

cover or sward treatment. Germination and survival of broadcast seed was 

very dependent on rainfall after sowing, and on cover. At both the wetter 

Mesopotamia and drier Waikari sites, tot a l germination after broadcasting 

was considerably lower on burnt than on control, paraquat or dalapon/amitrole 

plots. At Mesopotamia, the method of sward preparation had no effect on the 

time of germination when the seed was broadcast but at Waikari, early ger­

mination on burnt plots comprised a very small proportion of total germin­

ation compared with the other sward treatments. 

The _number of seedlings that reached the unifoliate leaf stage at 

Mesopotamia when seed was broadcast was equally high on control, paraquat 

and dalapon/amitrole plots but was reduced on burnt plots. However at the 
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Waikari site, early seedling surviva l was poor when seed was broadcast 

although it was improved by the paraquat and dalapon/amitro l e treatments. 

From these re sults it is obvious that conditions fo r lucerne seed 

establishing on the surface of the soil are much more severe thc>.n those for 

buried seed. However, germination and early seedling survival on broadcast 

soHings were greatly improved by the presence of cover , the importance of 

cover being greater a t the drier Waikari site than at Mesopotamia. This has 

a lso been observed in similiar studies (Cullen and During, 196 5; Cullen , 

1966 ; 1-;cllilliam and Dowling, 1970). Under controned conditions , 1-"cWilli am 

and Dowling ( 1970) fotmd that the effects of cover was rtue to the ,r;reater 

r etention of moisture and higher humidity at ground l evel rather than to a 

t empe~ature effect. 

Althoueh there was no improvement in germination resulting from 

herbicide application with broadcasting as noted at other sites by Cullen 

(1 966, 1969 , 1970), Harboys (1 966 ) and Campbell (1 968), Janson and White 

( 197 1) found th2.t early seedline survival wa s markedly improved at the drier 

Waikari site where the vegetation was treat ed with dalapon/amitrole in 

comparison to that of the untreated vegetation. Unlike the other sward tre;:i,t­

ment plots, the surface soil under the dalapon/ amitroJ.e treil tcd veeetation 

did not crust but remajned moist and f r iable , a condition which appeared 

excellent for easy penetration of the radicle. 'I'his process is also aided 

by anything that places a r estraint on the upward movement of surfa ce-sown 

seed during germination. 

Wher eas at r,~ esopotamia there was complete nodulation f ai lure due to 

an insufficient number of rhizobia on the seed at t he t ime of sowing, at 

Waikari reasonable nodulation occured only on the dalapon/ami tro le treat­

ment. Here, decreasing nodulation wi th latenes s of germination wa.s attributed 

to a decrease in the number of viable lucerne rhizobia during the interval 

from sowin g until infection of the young seedling. 

The higher nodulation achieved when seed was overdrilled rather than 

broadcast on dalapon/amitrole plots was attributed to an expression of the 

better conditions for rapid germination and rhizobial survival when seed is 

buried rather than placed on the soil surface. This confirms the results of 

White ( 1966) and Watkin and Vickery ( 1970). 

Clare (1971) compared four methods of lucerne establishment; culti­

vation alone; chemical treatment prior to cultivation; chemical treatment 

prior to cultivation plus soil incorporated benfluraJ.in and chemical treat­

ment plus direct drilling on pumice country. By the end of the first growing 

season, total dry matter yields were comparable al though the percentage of 

weeds was lowest on the benfluralin plots and the lucerne component was 
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lowest on the direct-drilled plots. 

Several trials have been conducted at Flock House F.R.A. on different 

seed bed preparations to establish lucerne on the ye llow bro1•m sands of the 

Manawatu Sand Country. Methods of seed bed preparation and sowing that have 

been tried include cultivation both with and without cover crops, direct 

drilling follo wine chemical pretreatment of the exi sting sward , chemically 

killing of the existing sward followed by a shallow cultivation and over­

drilJing and direct drilline into a dessicat ed greenfeed cover crop. (Flock 

House F.n.A. Report, 1972) 

The major conclusions to be drawn from these trials (Allbrook, pers. 

comm.) were: 

( i) Chemical fallowing followed by a light discing gave better lucerne 

establi shment and weed contro 1 than the use of a cover crop on Himi tangi sa.'rld. 

(ii) When direct drilling was tried in compari son to normal culti­

vation , germination suffered due to the restriction of the root to the slit 

cut by the coulter. However a chisel shaped coulter which cuts a very narrow 

groove at the surface but an enlarged shattered area below has been developed 

at Massey University (Baker, 1973). In this way, the soil/ seed contact is 

improved , drying is inhibited and root growth is encouraged. 

(iii) Where a cover crop is used, the relative times of sowing of the 

cover crop and the l ucerne is very important . If the cover crop is sovm too 

long before the lucerne is directly drilled into the crop , the plants of the 

cover crop compete s t rongly with the lucerne seedlings for light and moisture 

resulting in early wilting of the lucerne in a dry period and compl ete 

dessication of man,y seedlings. If the cover crop is drilled with the lucerne 

s eed, i t was found that i t is t oo slow in establishing to give the lucerne 

s eedlings adequate protection from wind and drifting sand. 

( i v) For lucerne establishment on sand dunes of the Waitarere Dune · 

Phase , a cover crop is essential . Lucerne is difficult to establish on these 

sand dunes due to the ext r eme coarseness of t ext ur e of t he so i l s which causes 

low mo i s t ure r etent i on , low nutrient status , susceptibility to ero sion and 

very high soil t emperatur es due to the low specifi c heat of sand. 

(F) PLANT POPULATION AND YIELD. 

1. Genera l Theory. 

Holliday (1960b) suggested that there were essentially two basic 

biological relationships that can be described by different yield/density 

equations: an asymptotic one where, with increase in plant density, yield 
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rises to a maximum and is then relative}y constant at high densities and a 

parabolic one where yield rises to a maximum but then declines a t high 

densities. 

Holliday (1960b) suegested that tot al crop dry matter conformed to an 

asymptotic relationship as shown for perennial ryegrass ( Ho llida__v , 1953), 

rape ( Ho llida_y, 1960a ); and barley and white persi caria ( A spina 11 and 

Milthorpe, 1959). Holliday ( 1960b ) further points out that this relationship 

applies to a ll components of vegetative yield including for example yield 

o f potato tubers. 

Converse ly , Holliday ( 1960b ) suge ested that reproductive forms of 

yield (i.e. grains and seeds) conformed to a parabo lic rela tionship as shov,.rn 

for grain yield of ma ize (Lan g et a l, 1956 ). 

2. Lucerne Yield/Population St udies. 

Hilley and Heath ( 1969) stress that yield per unit area is dependent 

not only on the number of plants per unit area ( pl~n t density ) but also on 

the spatial arrangement of those plants ( p l ant rectangu larHy). Plant rec­

t angulari ty can be most easi 1y visualised in a row crop where it can be 

defined as the ratio of t he diste.nce between plants within the roHs to the 

distance between the rows. Rectangularity js an important con s ideration 

because of the unevenness of competition 1-1hich it produces; competition 

being more intense between some plants and less intense between others. 

Althoue h the extent to which recta.ngulari ty may effect the yield of a crop 

is clearly dependent on the plasticity of the individual plant, generally 

as rectangularity increased, yield per unit area gradually declines as shown 

by Wiggans ( 1939) for soybeans , Reynolds ( 1950) for peas , Pendleton and Seif 

( 1961 ) for maize, Harvey et al ( 1958) for wheat , and Weber et a.l ( 1966 ) for 

soybeans. 

Lucerne yield population studies have been conducted where the effect 

of both plant density and plant retangularity or spacing on yield have been 

examined. 

Palmer ( 1971) sowed viable Wairau lucerne seed at rates r angin g from 

2.8 to 16.8 kg/ha. in six field trials and recorded no differences in herbage 

yields from plant densities varying from 46 to 240 plants/m2 up to five years 

after sowing. Death rates of established plants were similar over a range of 

plant densities and continued until a low plant density was rea ched. 

Cowett and Sprague (1962) recorded yields of 2600, 5300 and 6400 kg/ha. 

of dry matter in the first harvest from populations of 10, 40 and 80 trans­

planted plants/m
2

• 
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Za l eski (1 959) sowed lucerne at 5. 6 , 11. 2 and 16 . 8 kg/ ha . and found 

a signifi cantly lower yi e ld a t 5.6 kg/ ha. them at the other two densities 

in t he f irst year but in the second and third year when plants Here fu lly 

deve loped the di f fe r ences in to t a l y i e l ds were i n significant between seed 

r a t es . Death r at es over t hi s period were 58% , 66';{, and 7 J% respectively . 

Don a ld (1 956 ) stnted tha t stands with 40 plants/ m2 gave hieher yielc'!s 

than stands wit h 100-1 50 plants/m2• He found that in the first year max imum 

l ucerne yields are eiven at medium or high densities but in succeeding years 

the population undereoes adjustment to the environment, thinning to an 

equilibrium value. However Donald ( 1956 ) found that despj te the thinning of 

dense initial stands they do not thin t o densities givin1; the maximum pro ­

duction . The relative productiveness of swards of di fferent densities changes 

as the stand matures. In the first year the dP.nsest stand is the most pro ­

ductive , but in the subsequent years less dense stands eive t he greatest 

production. This is apparently a consequence of increasing p l ant size and 

greater root penetratjon in less dense stands. 

Jarvis (1 962) planted lucerne at square spacine s of 2. 5 x 2. 5, 5 x 5, 

7. 5 x 7. 5, 15 x 15 , 22.5 x 22 . 5 , 30 x 30 , 60 x 60 and 90 x 90cm. which repre­

sent establishment from 35g. t o 40kg of seed per hectare. During the first 

t hree years , yields from the four closest spacings were not significantly 

different. However the wider spacings eave signj fi cantly lower yields . It is 

s uegested that s i nce the yi eld of l ucerne per acr e did no t dec line at high 

populations , a hi gh r ate of seedi ng may be j ustified as an i nsuran ce against 

poor ger mination or subsequent lo ss of plants. However over t he t hr ee year 

period death r ate were hieher i n t he denser popul ations . 

Rumbaugh (1 96 3) p l anted l ucerne at 13 x 13, 27 x 27, 54 x 54 and 107 

x 107cm. and obtained hi gher yields fro m den ser populations i n the fi r st t wo 

harvest years. 'Moreover, a s p lant dens i t y i ncreased so individual plant y ie l d , 

crown width , stem length and the number of stems per plant decreased. 

Takasaki et~ (1970) grew lucerne at spacings ranging horn 2cm. to 

16.7cm. between plant s . In the first year, hi gher densities gave signifi cantly 

higher yi elds than lower densities but in the second and third years there 

were no differences in yield. Death rates of the plants over the three years 

were density dependent. 

( G) COMPETITION• 

Competition only begins when the immediate supply of a single necessary 

factor falls below the combined demand of th~ plants in a population (Clements 

et al, 1929). Competition in an establishing lucerne stand is of two types; 
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competition between the lucerne plants and other species present. 

1. Intraspecific Competition. 
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The nature and degree of intraspecific competition depends on intrin­

sic plant factors such as seed size, relative time of emercence, initial 

growth rate and proximity of neiRhbourin~ plants (Black , 1957; Black and 

Wilkin son, 1963; Zaleski, 1957 ; Ross and Harper , 1972) toeether with extrin­

sic environmental factors such as water, nutrients, lieht, o:xyeen and carbon 

dioxide (nona ld, 1963). 

2. Interspecific Competition. 

At sowing rates normalJ.y used by farmers in New Zealand, it would 

appear that interspecific competition is more severe than intraspecific 

competit ion during lucerne establishment. 

A11en ( 1967) states .that weeds in seedling lucerne are of importance 

because of their effect on the first season's production and their possible 

effect on future pro duction either thro ugh excessive r educt ion of jni tial 

plant numbers , or the establishment from seed of perennial weeds within the 

stand. 

According to Allen ( 1967), the weed problem itself and the method of 

dealing Ni th it are largely determined by the ecological principles governing 

inter-plant competition. The seedling lucerne plant is an erect sparsely 

leafed axis for the first few months of its life and as such offers little 

competition to weeds which have eerminated at the same time. Seedling lucerne 

is susceptib le to competition for light with the result that erect or scram­

bling f ast growing annual weeds can severely retard development or even kill 

seedlings (Allen, 1967). 

In a g lasshouse experiment, Pritchett and Nelson (1951) found that 

shading depressed the weight of roots more than that of the tops as shown by 

declining root to top ratios with increasing .shade. Langer (1967) claims 

that restriction of root growth in weak light is probably of more ecological 

significance in lucerne which relies on depth of root penetration more than 

in other species. 

O'Connor (1967) found that lucerne seedlings which may suffer competi­

tion for moisture especially in shallow soils can also suffer acute competi­

tion for phosphate but this may not necessarily persist. 

Peters and Peters (1972) list weed control methods in establishing 
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lucern e stands as use of clean seed and implemen ts, p l anting when weed 

infestations are low and conditions are most advantageo us to the lucerne , the 

use of tillage practices and croppine sequences that will deplete the supply 

of weed seeds or v egetative parts in the soil, the use of selective herbi­

cides, banding o f fertiliser under the seed during planting and sowing lucerne 

with a companion crop. 

( H) TI-TSECT PESTS . 

Pot tineer and Jl!ac:F'arlane ( 1?67) consider the t\-10 major lucerne jnsect 

pests in New Zealand to be the l arvne of r,rass grub (CostcJ.vtra 3eab:ndica 

Whi te.J and lucerne stern nematode (nit;vlenchus d:Lpsaci Kuhn. ) . Other insect 

pests reported to affect lucerne establishment include white fringec'! weevi 1 

( Grapognathous leuco J.or-:a Boh.), red legr,ed earth mite (Fal.?tvdeus c'! e strnctor 

Tuck.) 1 lucerne flea ( s~inthu:rus v iridis L.) and sand dune weevi 1 ( Cccyrop2. 

discors Broun. ). 

1 .. Grass Grub. 

Althoueh mature lucerne stands are to lernnt to grass e rub l arva e 

attack (Flay and Garret t , 1942), lucerne stands up to six rr.onths of a~e are 

highly susceptible to root darne.ge , especi a l ly on lighter so ils (Po ttineer 

and MacFarlane , 1967). 

2. Lucerne Stem Wernatode . 

Stem nematode damage to lucerne varies from year to year but , if 

present, curtails production. The most obvious effect of lie ht infest a tions 

is the production of fewer stems than normal, whereas severe infestations 

often cause death of the plant (Pottinger and :MacFarlane, 196 7). In lucerne 

seedlings, susceptible p lants react by swelling of t he meri s tematic ti ssues 

and eventually growth of the primary shoot is inhibited (Grundbacher, 196 2). 

3. White Fringed Weevil. 

In New Zealand, white fringed weevil larvae exhibit a very wide host 

range including lucerne, peas, tomatoes, potatoes, pumpkin, barley, wheat, 

choumoellier, exotic forest seedlings and pasture species. White fringed 

weevil has been reported as a lucerne pest in many_ parts of New Zealand 

(Perrot, 1964; 1.<zy'les, 1961; Todd, 1964; May, 1966) .and in Australia (Wallace, 
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( a ) Life Cycle. 

Todd (1964) reports that in Hew Zealand, the white fringed weevil 
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has a two year life cycle, but because of overlappine generations , Jarvae 

a t various stages of development may be found throughout the who le year. 

Adult weevils are preRent from about December until Apri 1 v1i th pea..1<: numbers 

occuring during the January to FebruaI"J period. During their life span whi c h 

is apparently several months, they mc1y lay hundreds of eggs which are cement­

ed in small masses to the base of plant stems, to sticks, stones, and other 

obj ect s on or near ground level. L2.rval development extends over a period of 

about 17 months from Vay unti 1 October of the following year and durin c: this 

stage 'the larvae pass through fourt or possibly five instars before pupatin~. 

( b) Habit ,. 

Todd ( 1964) reports that the larval stages of the insect a r e respon­

sible for most of the damage. Within a particula r c rop, damage may va.ry 

from complete destruction in one portion to just a trace in other parts, thus 

indicatine a patchy larva,l distribution within the crop. 

The l arvae feed on the root system of the host plant, destroying pArts 

of the cortex and ep idermis and may sometimes sever the main tap root. 1·Jhcn 

this occurs the affected plant wilts and may eventually die . When on~y a 

small portion of the c am bi um is destroyed, the plant usually survives but 

yield may be reduced. 

The adults are parthenogenetic, fli ghtless and foliage feeders and 

unless present in large numbers ca use little crop damage. 

( c) Di spersale 

Todd. ( 1964) claims that dispersal of white fringed weevi l may occur 

in a number of ways. Although the adult cannot fly, the eggs are depo s ited 

on many plants that are moved in commerce, the larvae and pupae may be trans­

ported in smal l quantities of soil, and the adults readily cling to objects 

being transport ed. Since all adults are females, each potentially able to 

start a n ew generation, it mecms that infestation can result from movement 

of a sing le egg , larva, pupa or adult. 

(d) Control. 

(i) Chemical Control. 

Todd (1964) tested an extensive range of chemicals a gainst the white 

fringed weevil larvae, and, although a number of materials proved moderately 

effective namely ''Telodrin" and aldrin, none gave the desired level of contro 1 

at dosages up to economic field rates. In U.S.A., Young (1960) has had some 

success with single applications of a range of organo-chlorine insecticides 

lightly worked into the cultivated land where they were effective for more 
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t han three years. 

Wright ( 196 1) suggests the surface application of similar insecticides 

t o kill adults as they emerge in crops. Gross et al (1972) found that dates 

when larvae of white fringed weevi 1 were introduced into the soil directly 

influenced the rate of larval development and therefore the capacity of lar­

vae to reduce stands of soybeans and r;ye. Since the capacity of most immat ure 

phytophago us insects increases proportionally with the size of the develop­

ing l arvae , Gro ss et .§1 ( 1972) cla im that this data sueeests the need to 

evaluate preventive treatments aeainst adu lts durin~ critical ovipositional 

periods to reduce the estab] ishrnent of larval populations. However to be 

effective insecticides would have to be applied as sprays which are prohi­

bited in New Zealand due to possible contamination of pastoral produce. 

( ii) Cultural Control. 

Observations indicate that intensive cultivation of infested land 

prior to crop establishment may be a practical method of reducing larval 

popul at ions below the damaging level. Todd ( 1964) found that following a 

heavily infested Eawkes Bay pea crop \\•hich was thoroughly re-cultivated, 

a further pea crop sown suffered little or no damage. Fowever it was not 

possible to decide whether the mechanica l and dessj c!'l.ting effect of intense 

cultivation wRs responsible for the reduction in larvae numbers or whether 

birds reduced the population of exposed larvae sufficiently to prevent 

serious damage. 

Gross et al ( 1972) report that soybean seedlings had minimum vi go ur 

under dry conditions and thus were more susceptible to damage by white 

fringed weevil larvae . Anon;)'mous ( 1956) reports that a heavy rainfall which 

sat urates the soil for about a week kills many young larvae , also the larvae 

are more abundant and damage i s gr eater in we ll drained sandy lo ams t han i n 

heavy c l ay soils. 

Berry (1 947) describes a method used to combat whi t e frin ged weevil 

in So ut h Amer ican areas where beans are grown under i rri gation. Thi s method 

consi sts of cultivat ing t he bean fi elds in s uch a way as to mound t he so i l 

around the bean p l ants and t hen irrigat e i mmedi ately . Berry (1 947) r eports 

that although t his method does not kill t he larvae that damage the crop, 

it enables the beans to grow more vigo rously and thus reduces damage to the 

bean crop. In addition, when plants begin to die, irrigation alone is used 

in order that the p lants may be revived. O~en many apparently dead lucerne 

plants damaged by white fr i nged weevil larvae can be found in fields that 

have been dry for several weeks but following irrigation there is a decided 

recuperation and infestations cannot be detected among the dead or wilted 

plants. 
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4. Lucerne Flea. 

The nymphs and adults of lucerne flea, a member of the springtail 

family, chew the leaf tissues of lucerne so that only the lower cuticle s a.nd 

leaf veins remain to give badly in f ested st ands a white or bleached appear­

ance (Pottine er and }"acFa rlane, 1967). Da.mar, e is usually confined to tr.e 

autumn, winter and sprin g and Davi d.son ( 1934) predicted correctly tha t it 

would not be a major pest problem in New Zea lc=m d apart from Hawkes Bay since 

the remainder of the North Island is too wet c1.nd winter t emperatures too lo w 

in the South Island for epidemic lucerne flea populations. 

5. Red Legged Earth Vit e . 

This mite occurs through the east coas t districts of the !forth J sland 

( Dumbleton, 1947). Erlich ( 1962) r eports that the mites preferably feed on 

young gro wth, lacera ting the lea f tis s ues and sucking the liberated sap such 

that plants ma,y app ear scorched, become stunt ed and even die. Erlich ( 1962) 

notes tha t lucerne s eedlings are often killed. However Wa llace ( 1960, 1961) 

has shown that seedl ini:; crop s can he protect ed by treatine seed with orf!ano­

phosphate compounds. 

6. Sand Dune Weevil. 

Hudson (1950) reports tha t adult sand dune weevil have been found to 

defoliate lucerne s eedling crops in dune development areas in coastal 

Manawatu. 

(I) LUCERNE DISEASRS. 

1. Introduction. 

In new Zealand, 12 diseases have been recorded on lucerne (Close, 1967). 

Diseases can affect lucerne at all stages in .its development and so influence 

establishment, herbage yields, seed quantity and quality and lucerne stand 

deterioration (Close, 1967). 

Diseases that affect lucerne establishment in New Zealand are the 

fungous diseases associated with Pythiurn species, Fusarium species and Common 

leaf spot (Pseudopeziza medicaginis (Lib.) Sacc.). 
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2. Pythium Species. 

Clo se (1 96 7) reports that seed-rotting, pre- emer eence blight and post­

emergent damping-off by Pythi um specfos all affect the i nit i a l establishment 

of 1ucernc stands. The disease complex is one mainly of young seedlings_, 

although rotting of rootlets and stems of established plants can occur 

especia lly in wet areas. 

Barton (1 958) found that the activity o f Pythium mami llatQ~ increased 

as soil moisture content increased in a cultivated soil of pH 5.4 and reports 

that the presence of this fungi i n soils is correlated with slightly ac id 

or neutra l conditions. The presence of host plants was also found to be an 

i mportant factor i n the establi shment of inocula of Pythi um mami 1) a tum in 

soils. 

1facKenzie et al ( 1972) found that l ucerne survival up to ten weeks 

was largely determined by the incidence of fun gal attack by Pythium irregu­

l are, dampine-o ff being evident within a week of emergence. Jacks ( 1956 ) 
showed t hat Pythium ultimum Trow. was responsible for the damping-off 

patches in lucerne fields in New Zealand. 

The disease i s soil- borne and Close (1 96 7) sugeests that the best 

control measures are the use of high quality seed , a Hell prepared seed bed , 

a balanced fertility ( includine liming of acid soils) and seed treatment 

with protective fungicides. 

3. Fusarium Species. 

Blair (1971) reports the pathogenicity of Fusariurn species. These 

species can be readily isolated from young lucerne seedlings and Blair 

showed that cultures of Fusarium avenaceum produced 7~ mortality of seed­

lings which had been innoculated with the cultures. Blair ( 1971) concluded 

that Fusarium species not only cause substantial failures of lucerne seed­

lings to emerge but can also impair the vigour of established seedlings 

through various degrees of root injury. 

Stover (1955) reports that under aerooic conditions, multiplication 

of Fusarium species was more rapid in dry than in moist soil. 

4. Common Leaf Spot. 

Close (1967) reports that Co~on leaf spot occurs in lucerne stands 

throughout New Zealand as small, circular, brown to black spots on leaflets. 

It is usually of no great economic importance since infection is generally 
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moderate but when spots are abundant, yellowing and. shedding of leaflets 

does take place and severe infections, do at times occur. 
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Chapter II: Materials and Methods. 

(A) FIELD EXPERIMEN11' . 

1. Objectiv e . 

The obj ective o f t he field experiment was to determine t he e ffects o f 

different var i eties and p l ant spacings on the estabJishrnent o f l uc erne on two 

soil t ypes and an i nt ergradc in the !fa.nai,at u sa."'ld country. 

2. Si 4.; e Select ion a11.d Description. 

The se l ection cri tcri a for an area on Hhich to site the experiment 

were:-

1. A sand dune and s 8nd plai n soi l type a djacent t o one another . 

2. An easy and un i fo r m slope so t hat gradat ion from t he sand dune to 

the sand plain is P,radual. 

3. Wo l ar ee variat i ons in mi crotopo c.raplzy- . 

4. Reasonable accessabi l ity. 

The fo llowir.g procedure Has used to l ocate and then i dentify su ch G.n 

area . Two f arms on Hhi ch l ucerne was being gr o,..m were inspected and. an A.rea 

which s ati s fied t he above criteria selected as an e:>.'l)eriment a l site. Consul­

tation of the Hew Zea land Soi l Bureau So i l lfap of the lfanawatu- Rangi t ikei 

Sand Co untry ( Cowi e et a l, 196 7) s howed that the s ite wa s part of a Puke-

Puke !fot ui ti Soil As sociation of the Older Dune Comples or lfot uiti Dune Phase . 

The boundaries of the soil types on the site were establi shed by 

examining soil profiles in collabaration with Mr J. Pollok , Soil Science 

Department, Massey ·University . The dune soi 1 type wa s identified as ~!otui ti 

sand while the soi 1 type on t he lower part of the site was identified as 

Puke Puke black sand. Between these two soil types, the area consisting of _ 

the upper sand plain and lower sand dune could not be strictly clas sified 

as either of these two soi 1 types and was considered an intergrade between 

the two soil types. 

The experiment site selected was an area of O. 23ha. situated within 

a paddock of approximately 5ha. which wa s part of a farm owned by lfr. W. 

Kernohan. The site consisted of a low sand dune and a sloping sa"Yld plain 

(see Plate I) and had a roadside plantation of Pinus radiata situated 15m 

from its western side. 
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3. Experimental Design. 

Each of the two soil types and intergrade were desi[:11.ated as positions 

within the experimental site. Thus tne area of Puke Puke black sand war; 

termed Position I, the area of intergrade was termed Pos:i tion II and the 

area o f Tfotuiti s2nd termed Position IJI. It was not possible to include 

e qua l areas of each position within the experimental site because of the 

limited areas of the two soil types availa.bJ e. From the experimental layout 

( see Appendix 1), it can be seen that the experiment u,u; desiened as a 

split plot experiment with positions as a systematic a rrangement . The treat­

ments , vari ety and plant spacin g were ;:irr2..n~ea :random1Jr as nine strips with­

in each of t he three replicates. Each s trip con s isted o f only one combination 

of treatments. The division of each strip into three portjons , each cover­

ing one position was termed a plot and hereafter Hill be :referred to ns 

such. Thus the effect of v,ind from the west or north west, as influen ced by 

the shelter belt, will be similar on each plot within a strip but \,•ill 

differ between replicnteso 

An alternative experimental design was to have all treatr.ients r .-m­

domj sed in blocks within each position but this wo uld have entfl.i led head­

lan ds betwe en each position. It was decided that the statistical ad·._rantages 

of the alternative were outweighed by the convenience of l eying do1·m the 

trial inherent in the first design and this design wa s adopted. 

~. Site Preparation. 

( a) Cultivation. 

Cultivation con s i sted o f t wo rotary hoe ing operations to a d~pth of 

5cm. on March 8 follo wed by two further rotary hoeing operations on Apri 1 9. 

The rotary hoe was used in preference to ot her cultivation techniques 

because it allowed a seed bed to be prepared so that the lucerne co u]d be 

sown before the end of April and the advent of winter. After the second 

operation, levelling and consolidation of the seed bed was carried out using 

chain harrows and a Cambridge roller. 

(b) Fertiliser. 

The fertiliser history of the paddock in which the experimental site 

was situated consisted of an annual topdressing of 250kg/ ha . of superphos­

phate with no application of lime in recent y ears . Ministry of Agriculture 

and Fisheries "quick test results" i1:1dicated a pH of 5. 7, Ca of 5, K of 5 

and P of 13 for Puke Puke black sand and a pH of 5. 7, Ca of 7, K of 6 and 

P of 26 for the Motuiti sand. Thus according to During (1972) the phosphate 

status of the soils ranged from high to very high while the potassium status 
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of the soils was medium. In order to raise the potassium status of the soil 

and to ensure that adequate soil phosphate would be available for the · 

duration of the experiment, 740kg/ha . of 3~ potassic superphosphate was 

applied. Since a pH of 6.0 - 6.5 is C'bnsidered essential for lucerne 

establishment (Duder and Scott, 1970), 2460kg/l,a. of lime was also applied. 

During (1972) claims that on most sandy soils, 2460kg/ha. of average qua lity 

lime shifts the soil pH by 0.6 to 1.0 uni ts in the top 7. 5cm. Both dressings 

were applied with a Vikon spreader on April 9 and incorporated into the soil 

with a rotary hoeing operation. 

( c) Weed Contro 1. 

On April 9,Treflan was sprayed on to the experi menta l site at a rate 

of 2.8 litre/ha. active ingredient in 500 litres of water for pre-emergent 

weed contra 1. This was incorporated into the soil with a rot ary hoeing 

operation. 

( d) Insect Contra 1. 

On J.'iay 24, leaf damage believed to be due to the actions of Spring­

tail (Sminthurus viridis L.) was noticed ;:ind the crop sprayed with DiJzol 80 

at a rate of 142ml of active ine,redient in 54 litres of water. 

5. Seed Preparation. 

(a) Source. 

The Wairau and College Glutinosa lncerne seed was commercial lucerne 

seed supplied by Hodder and Tolley, Ltd. The C.R.D. Suckering lucerne seed 

was supp lied by Crop Research Division , DSIR, Lincoln. These three varieties 

were selected because of their contrasting root system and growth forms. 

(b) Germination Tests. 

Germination tests of the supplied seed were carried out by placing 

100 seeds of each variety on moist filter paper and counting the number of 

seeds that had germinated after the seeds had been in growth room conditions 

for a week. However, as the C.R.D. Suckering lucerne seed only arrived two 

days before the date of sowing, the results of these tests were not available 

until after sowing. 

(c) Innoculation and Pelleting. 

The seed was all 'Rhizocote' innoculated and 'Prillcote' pelleted to 

give a true pellet which is spherical in shape and 1.5mm in diameter. Tests 

carried out by the N.Z. Institute of Agricultural Engineering at Lincoln 

showed that when true pelleted lucerne seed was checked through Stanhay test 

equipment, there were 9% successful single drops, /f/c, doubles and only 1% 

misses. 
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6. Sowing of Seed. 

( a) Sowing J11ethod. 

The seed was so,,m on Ji.pril 30 using a Stanhay Precision Drill. A trial 

con dncted hy PJctchers' Lucerne Research Division at mnsl01·1 compared 

sirn:i. larly pelleted and innoculated seed sown both ,-1i th a Stan hay Precision 

Drill an d with a conventional Duncan Seedlincr a t seven times the sowing 

r ate used for the Preci s ion Dri l]. Re sults showed both stronger root and 

foli ar dev1opr:ient and a 17 .. o?f increase in dry matter prodcntion after four 

months growth 1-;hen lucerne seeds were spaced to e.dvantage using a Precision 

Dri 11 as oppo sed to randorn dif;tribution us in.a, a conventional dri 11 in eood 

working order. 

( b) Seed Spacinp, . 

The three varieties were sown at three different intra-row seed 

spacine; 2e02crn , 9.16cm. a.l'ld 15.22cm. with a constant 15cm. inter-row spacing 

which corresponded to sowing rates of 6 . 88 , 1. 52 and o. ?Oke/ha . seed res­

pectively . The hi 6hest seed spacing was selected so as to eive a square 

planting patt ern. Althou.zh the sowin f, r a te of seed at the lowe s t seed spa.cine 

is below the sowinr, r ate of 10 12kc/ ha . c;eneral1,y recommended for drilling 

lucerne (Dud.er avid Scott, 1971), it is still suffici ent to give a productive 

l ucerne stand (P almer , 197 1). Further mo re any attempt to increase this 

sowine rate a t the constant row width, wou ld have resulted in ovcrcrouding 

o f plants within the row. The 9.16cm. ~eed spacing was selected to e:ivc an 

i ntermediate s eed spacing between the t"'O extreme seed spacings. 

7. Lucerne Growth Measurements. 

( a ) Estab li shment. 

On lfay 31, 1973 i nitia l s eedling est abli shment was determined by 

co unt ing t he number o f l ive luc erne seedlings in a r andom ly sited one met re 

square quad.rat in each plo t . Since Position II (intergr ade) was t wi ce the 

area of ei t her Position I ( p l ain) or Posi tion III ( dune), plot s in this 

position were di vided int o t wo sub p lots of.equa l area. One quadrat in ea c h 

sub plot was t hen measured and the r esults averaged to give a value for the 

comple te plot. This procedure wa s cont inued with all other lucerne growth 

measurement s . All quadra t s were marked and plant counts repeated on July 3 

and August 16. Re corded numbers of live plants were compared with the n umber 

of seeds sown per unit area and percentage establishment data derived. On 

May 23, 1974 a final plant population count was made using the same method 

as above but with different randomly sited quadrats. 
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(b) Nodulation. 

Two different types of measurement were used to determine the effect­

iveness of nodulatfon of the lu.cerne plants. On Jun 19, five lucerne seed­

lings from Position I (plain) and Position III (du.11e ) and ten lucerne seed­

lines from Position II ( intergra,de) selected at random from the middle two 

rows of each plot were carefully lifted from the soil and the number of 

nodules per seedJing counted. 

However as effectiveness of nodulation is not necessarily correlated 

with nodule number o average nodule size but is corre lated Ni th nodule 

weir,ht (HaRterton and Sherwood, 1970), the same numbers of lucerne plants 

were ca reful}y li fted from the soil on September 11 and total dry we :i ghts 

of nodules, root s and tops measured. 

( c) Dry lfatter Production. 

Dry matter production cuts were carded out when young shoots a ppeared 

from the cro wns of the lucernc plants. These took place on December 5 , 1973; 

February 21, 1974 and April 9, 1974. As a rotary-cut mower was used to cut 

the sward resulting in maceration of the clippings, separate hand cnt herbage 

samples were required to determine the botanical composition of the sward . 

This ,-:as done by tokine five 0.1 m2 quadra.ts at random from the middle two 

rows of each plot. The samples Nere cut with a shearing handpiece at a heir-ht 

of 5cm. above ground level. The lucerne and weed components were then separ­

ated, oven dried at 8o0 c for 24 hours a11d weighed. 

To tal dry matter production was assessed by harvesting a45cm. wide 

strip out of the centre of each plot using a rotary-cut mower set at 5cm. 

cutting height . The e reen herbage was weighed in the field and one 0.45kg . 

dry matter sample per plot t aken by r andom]y selecting four subsamples of 

mown herbage. These samp les were weighed , oven dried at 8o0 c for 24 hours 

and reweighed dry. After each pro duction cut, the remainder of the sward 

was mowed to an even height of 5cm. and the herbage discarded off the plots. 

(d) Plant Component Measurements. 

The roots and tops of five plants in each plot were weighed on 

Sept ember 11, the plants used being those ha rvested for the nodulation mea­

surements. On February 7, the number of shoo.ts per plant were counted for 

five plant s in each of the 2.02cm. and 15.22cm. plant spacing, Wairau plots 

in Positions I (plain) and III (dune) and for ten plants in Position II 

(intergrade). 

(e) Effect of White fringed Weevil Larvae on Plant Survival. 

During the growth period after the first production cut, substantial 

plant mortality occured. On inspection this appeared to be due to root damage 

by white fringed weevil larvae. The nature and extent of this damage was 

( 
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measured using the following methods. 

First]y, on February 4 , lucerne plants in a square metre quadrat 

placed at r andom in the centre of each 2.02cm. plant spacine, Wairau and 

Glutinosa plot were examined and categorised. The cat ·egori.es used were 

dessicated , partia l ly dessicated a.nd green plants ( apparently unaffected). 

Second).y, an attempt was made to determine what happened to the 

above categories of plants over a period of time. Thus five plants of each 

category in the 2.02cm. p l ant spac i ng , W;:i.i:rau and Colletse Glut inosa plots ; 

the 9.16 cm. plant spacine , Hairau a:1d Colleg e Glutinosa plots a!1d the 15. 22cm. 

plant spacine Wairau plot s were marked with different coloured u ires on 

February 20. It was decided that measurement of this number of plants ,,,o uld. 

13ive sufficien t information on this aspect, without mea.suring all the plots. 

On Varch 6, after the second production cut, these markers were relocated and 

the plants r cc;:i.tegorised a ccording to their condition at that t ime. 

( f) White frineed lleevil Larval Distribution. 

From previous repo rt s of the presence of white frin r,;ed weevi 1 larva e 

in the district, it was suspect ed that larvae ma,y have been present in the 

experimenta1 site. Thu s a survey w2-s ca rried out on March 14 , 197,1 to indicate 

the numbers of l a rvae in the experimenta l site before the lucc:rne was s0wn . 

The cite was divided into four equa l sectors and ten locations within each 

sector random]y select ed. At each locat ion, an iron frame quadrat of area 

30.5cm2 was placed and the soil within the quadrat excavated to a depth of 

20cm. The r. umbc~s of l arvae present in this volume of soil were recorded in 

the field. 

On l•!arch 19, 1973 another larval count vms conducted to determine 

the effects of experimental treatments on larval distribution. This more 

sys tematic measurement method consisted of extracting soil cores of 9cm. 

diameter to a depth o f 15cm. sieving the soil in the cores and counting 

the numbers of larvae in each core. These cores were extracted from the 2.02 

cm. and 15. 22cm. plant spacing , Wai r au plots. Only one v ariety was inc luded 

in the measurement b e cause differences between varieties were expected to 

be small compar ed with differences between positions and plant spacings. Ten 

cores were extracted from each plot in Position I (plain) and Position III 

(dune) and twenty cores extracted from Position II (intergrade). In each plot 

half the cores were extra cted from site where the lucerne plants were severely 

dessicated. The remainder of the cores were extracted from sites where the 

plants were apparently unaffected. 
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8. Climate and Soil Measurements. 

8. 1 Wind-Speed. 

Wind-run was measured using one Casella three-cup W1?04/1 anemometer 

located at the top of the dune on the eastern side of the site at a hei p;ht 

of 1.5m above the ground. The anemometer , i'hich recorded culmulative mj les 

of wind-r\m \•ms read ither once or twice v:eekly and avera.p,e ,,ind-speeds in 

uni ts of ki)ometres per hour derived from the readings for each period. 

8. 2 Rainfall. 

Rain fa ll was collected at the same site as wind-run and 1·:as measured 

hy a perspex ' Maquis 1000 9 raingaui;e and r ead at the same ti mes as the 

anemometer. 'I'he collection surface H<lS horizontal and o. 5m vertica lly above 

r,round level . 

8. 3 Hater Table Depth. 

Holes \·Jere dri l] ed into the 1·.rater tab le \·,i th a Dutch nue,er at s i x 

positions a long the western side of the site nnd lengt hs of 3. 75cm. diameter 

drainpipe i nserted into the holes. Water table depth vms measured by lower­

ing a graduated measuring stick down the pipes and reading the water level 

week ]y from J.'ay 1 1973 to September , 1973 and twice weekly from Septemher 1 

1973, to April, 197,4. ( see Appendix 2 for location of pipes). 

8.4 Soil Poisture. 

( a) .Available Vet hods of tteasurement . 

The available methods of soil moisture measurement were limited to 

gravimetric moisture campling, tensiometer or gypsum block installation or 

a combination of these. 

(i) Gravimetric Sampling. 

Gravimetri c sampling would have necessitated a large number of soil 

samples being taken at regular intervals and thus would have been time con­

s uming especial]y since it was desirable to measure soil moisture status 

at depths to where the luc erne root s were expected to erow. 1' oreover the 

measurement obtained is not a direct measure of the amount of moisture avail­

able to the plant. 

(ii) Tensiometers. 

Aitchison and Butler, (1951) report that tensiometers only operat e 

satisfactori]y in relatively wet soils and they cease to function at pressure 

deficiencies approaching 1 atmosphere. 

(iii) Gypsum Blocks. 

Gypsum blocks, although unreliable below approximately 0.7 atmospheres 

soil moisture tension measure soil moisture status in terms of moisture ten­

sion which is directly related to moisture availability to plants. Aitchison 
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and Butler ( 1951) report that gypsum blocks operate throughout the tension 

ran ge in which water is available to plants namely pF 2.4 to 4.2. 

( b) Measurement Methods Used. 

1. From J~ey 8 to Jl. ugust 27, so il moisture content was measured by 

taking week Jy gravimetri c s amp les at 5cm. soi 1 depths a.t 36 sites situated 

so tha t each plant population and variety were included in tl:e sampling 

( see Appendix 2). This limited n umber of samp les was considered adequate 

since over this period the luccrne roots were not expected to ha.vc grown 

below the A horizon of the soils. 

2. Gypsum blocks were used to measure soil moisture status from 

September 10, 1973 to F'ebruary 21, 1974. 

· ( c) Description. 

r11 he blocks used were cylindrical in shape and consi sted of two tinned 

lengths of bared flex set parallel in a matrix of dental plaster. The blocks 

were 7cM. in l eneth and 2cm. in diameter and 1-1ere manufactured according to 

the procedure outlined by Aitchison et a.l (1 95 1) (see Appendix 8 for details). 

( d ) Veasuring Sites. 

rr hree gypsum blocks were installed at each of the twent ,y-four mea­

suring sites ; the blocks being buried at 10, 30 and 90cm. (measured perpen­

dicular to the ground snrfacc). As can be seen from Appendix 2, there ,,:ere 

eight measur ing sites i n ea ch replicate. Each set of eir,ht sites was in a 

strip of three plots of ifairau lucerne at a different inter-plant spac ing . 

The two sites within each plot were selected at r andom. The three soi 1 depths 

were selected as giving reasonab ly f ull coverage of the moisture conctitions 

in the rooting zone o f lucerne o f one y ears growth , also giving a measurement 

in each horizon of the soil profile . 

( e ) Installation. 

All blocks .,ere lowered down one 8.8cm. diamet er hole made by a Dut c h 

Auger a t each site and the soil cores taken from the holes careful ly replaced. 

The leads from the three blocks at each measurement site were buried in the 

soil and the free ends connected to a socket board loca ted on the top of the 

site. 

(f) Block ri'easurement. 

The electrical resistance of each block was measured using a portable 

meter on each measuring day. The meter was a battery powered, A.C. operated 

Wheatstone bridge with a capacitance balance and a microammeter for visual 

null-point determination. The instrument was constructed from the circuit 

diagram for the •type B' meter described by Aitchison et~ (1951). Two leads 

with terminal banana plugs were attached to the meter and these were plugged 

into the socket board mentioned above when reading the resistance of the 
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(g) Block Calibration. 

(i) Available 'M ethods. 
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Ai tchi so:r.. et a l ( 1951) suggest t hat block re s i s tances can be ca li­

bra t ed in the l abora tory or in the fi e l d. 

(ii) Fie l d Ca libr a t i on. 

Fi e l d cn l ibrat i on cons i s t s o f simultaneous r esi s t ance an d moi st ur e 

measurements with sufficient r eplication o f eac h deter mi nat ion to provj de 

t he necessary degr ee of a c curacy . As most so ils are va i ab l e either i n tex­

ture or structure , a l a r ge n umber o f random mo i sture s amp l es i s r equi red 

for accura cy . 

(iii) L?.borato ry Cr1 l i b r a t i on . 

Bo eyoucos and Jv'.i ck ( 1940) SU,"{'.ested tha t blo ck r esistances could be 

calib r ated i n the l aboratory in terms of the water cont ent o f t he soi 1. 

Kelley ( 1944) proposed a rapid method of measuring block resistan ce s in 

sma ll b locks of so il contained in perforat ed meta l boxes . Suc h a tec bnique 

appears to be l i mi t ed to soi ls which do not po ssess a we ll defined str uc t ur e 

whi c h may deteriorate v1i t h hand ling or wet ting . Alt ho ue h poor resu lts are 

obtained 1-1i th rmny clay soj ls , in lifhter t extur ed so ils v: :i th wat er 

structur e , Ait chi son et al ( 1951) con::,idered that Ke lley' s metho d i s satis­

fac t ory i f care i s t aken to en s ure that equilibrium r esi s t an ces only are 

accepted. 

The ot her method o f l aboratory ca libration i s tha t carried out in 

the pres sure membrance apparatus. Gypsum blocks a re embedded in the soi 1 

and electricRl connection s through t he walls of the chamber p ermit simult an­

eous determinations of r e sistance, wat er content and effective tension in 

the soil water. Aitchison et al ( 1951) found tha t the laboratory calibra t i on 

curve determined with this technique is a reasonable representa tion of the 

resistance-water content relation exi sting in the natural soil. However in 

order to ensure that a suitable numb er of replicate blocks is properly 

embedded in a sufficient ma ss of soi 1 , it is necessary to have such a large 

soil mass that the time taken to atta in resistance and water content equili­

bria at each successive increment of tension may be as great as 30 days. 

Thus one series of observations covering the whole available moisture range 

may extend over a period of from 2 to 6 months. 

( iv) Calibration Metho d Chosen . 

Due to the limited time available for calibrating the blocks and the 

light texture and weakly developed structure of the soils involved it was 

decided to calibrate the block resistances in the glasshouse in terms of the 

moisture content of the soil. 
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Representative soil samp l e s were t aken f ro m the three depths where 

the blocks were sited from each of the t wo soil t ypes and the interp:rade , 

tha t is the three positions in the experiment a l si te as defined pr eviously . 

'Nine wooden boxes ( 45cm. x 30cm. x 9cm.) · were weighed empty and ea ch fi lled 

with 13. 5kg of the sar.iples . Severa J. gravimetric sub sampJ.es were t aken from 

e a ch s arnp J.e to determine t he dry weir.;ht of t he dry weight o f the r epresen­

t ative samp l es . The appropriate blocks as situated in t he fie ld were weighed 

dr-y and buried in their resr,ective boY . The so i 1 in each box was then com-

p 1et ely satura ted and a l1ot•1ed to drain over ni ght. 

Subsequently, at r er_::ular int ervals , bled: resistances and soi1 ,..,eights 

were measured simultaneously as the soils J.ost moisture through evaporation 

fro m t'he surface . As i:zypsum b lo cks Rre unre liable below soil moisture tension s 

o f 0.7 a t mospheres, ( Ai tchison and But l er, 1951), blo ck resistance rP.adinp,s 

fluctuated for a period of a week until a steady increase in block resist,mce 

with J.o s s of soil ,,e i ght i-,as recorded . This point was taken to r epresent the 

extreme at the wet end o f the scale where r e li ahle block readin gs could be 

t aken. 

To E:; ive an indication of the bJock r esistance r anee over whic h plant 

wilting occured cauliflower plants were transplanted into each box an d used 

as indicator plant s. 

The moisture status of the soi l s was t aken f r om fi elcl capacity to a 

point tha t was well past wiltinr, point. Lamber ( 1973) demonstrated the size 

of errors which may arise from hy ster e sis effects when using a calib r at ion 

curve derived in the l abo r a tory during the drying phase of a soil, to inter­

pret measurement s made in the field during both wetting and drying phases. 

However, c a librating the blocks during a soi 1 wetting-up phase was considered 

of very limited use because in the field it is difficult to judge whether 

the soil and blocks are wetting up or drying out at any one instant without 

intensive investigations. Furthermore, the soil moisture characteristic 

curves used (see below) were derived during a drying phase only. 

(v) Interpretation. 

As it is desirable to measure soil water status in terms of soil 

moisture tension, soil moisture content/soil moisture tension data was 

obtained from M. W. Gradwe ll, Soi 1 Bureau, DSIR, Lower Hutt for Puke Puke 

black sand, one of the soiltypes on the experimental site and Foxton black 

sand which is closely related to Motui ti Sand in its soi 1 physical properties 

as given by Cowie et al (1967) and soil moisture characteristics curves 

plotted ( see Appendices 5 and 6). 

It should be noted that these soil moisture characteristic curves are 

only for representative soil P,rofiles of the two soil types and would only 
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approximate the relationship on the experimental site. For interpretation 

purposes, the intergrade site position was split in two, the upper half 

being regarded as similar to the dtme soi 1 and the lower ha lf simi l a r to the 

p1ain soi 1. 

(vi) Calibration Drift. 

Aitchi son and Butler ( 195 1) r eport that where blocks of the same type 

are considered , di f ferences in b lo ck resistance persist in the same order 

throur,hout the sensitive range of the unit s . As a block resistan c e/ so:i J. 

mo isture content relationship was derived fo r each block and used for each 

reading in the field no corre ction for i ndiv i dual b1ock differences was 

con s 1dered necessary. 

· Ho,,ever in o rder to determine whether any calibrat ion drift had 

occured all of t he blocks that were us e d in tre field v.rere oven dri ed at 

40°c for h1cnty- four hours, soaked in water for the s 11rne period and fo llo1v­

ing a five minute drip period , b1ock resistances were meanured. This pro ced­

ure was carried o ut at both t he beginninP, cmd end of the expe r imenta l per i od . 

This calihration c heck showed tha t drift jn tension values measurect for the 

blo cks ranged from +0.2 to +0.8 atrrospheres with an avernre of +0.5 atmos­

pheres but no attempt 1·ms made to correct for thi s drift. 

( v i i ) Temperature Correct1on . 

Due to lack of any r eJ.iable so il t emperature dat a , no terr.perature 

correctjon of t he r esist ance blocks could be ca rried out Rnd thus the clata 

present ed include erro r from this source. Jt was ccns1dercd tha t the majo r 

soil temperature differences would b e between soi l dep ths rather than measur­

ing sites within the experimenta l sit e . 

8.5 Soil Temperature. 

It was origj_nc1,lly intended to measure soi 1 tempera tures using the 

method of measurement used by La mbert (1 973). Since mains electric power 

could not be supplied to the site due to the high cost involved, an attempt 

was made to run the recording system used by Lambert ( 1973) with an inverter 

and two 12V batteries. However the bat teries could not supply sufficient 

po wer to run the recorder for more than a short period , A more modern tran­

sistori sed recorder was adapted for the system but the s am e problems recurred 

and thi s aspect of the experiment was finally abandoned. 

8.6 Soil Organic Matter. 

On April 29, 1974, soil samples were t aken at each soil moisture 

measuring s ite at 10cm. and 30cm. soil depths. Since the organic matter 

content at 90cm. soil depth was expected to be neg ligible and would not vary 

greatly within the experimental site, only two samples were taken at this 

depth. Sojl organic matter content was determined using the followin g pro-
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cedur.e. Water was first driven off at 110°c for 12 hours and 10g. o f dry soil 

heated in a furnace for eight hours at a tempera ture of 400°c (Hesse, 1971). 

The sample was then rewei ghed and the loss in weir.ht t aken as equivalent 

to the soil orr,ruiic matter. Ball ( 1964) clajms that this i gn ition method 

gives an estimate, sufficiently accurate for mo st purposes , of orpanic matter 

in non-calcareous soi ls. 

8. 7 Soil Nutrient ;:.nd pH Tests. 

On ~·:ay 30, 1973 ten soil samples were taken to a dept h of 7. 5cm. 

fro m each half of the expe:!"imental oi te and analysed by the Research Division , 

J."inistry of Airi culture and F'isheriea, Ruakura. This was r epeat ed on Pay 6, 

197 4. 

(B) GltASSEOUSE EXPERH'Br'TT . 

1. Objective. 

The obj ect ive of this experiment was to further inveRtigate differ­

ences in the effect of white fringed weevil larvae on lucerne plants within 

the experimental site. This was done by growing lucerne in the glasshouse 

under different soi 1 moicture nnd l ;:.rva l population conditions. 

2. Soil Preparation. 

On Parch 10, 1974, a quantity of topsoil of Jlo tuiti sand was collected 

from an area adjacent to the experimental site. The so il was sieved to remove 

any white fringed weevi 1 l arvae present and thorot~ghly mixed. Thirty-eieht 

wooden boxes (30 x 30 x 12cm.) were weighed empty and each filled with 30kg 

of soi l. Several gravimetric soil samples were taken to determ ine soil 

moisture content of the soil at that point and thus derive the dry weight of 

the soil. 

3. Lucerne Growth. 

On ¥arch 13, 1974, mini-pelleted Wairau lucerne was hand sown to a 

depth of 1cm. in two rows in each box. The seed was sown at 2cm. spacings 

with a spacing of 15cm. between rows, that is similar to the lowest inter­

plant spacing used in the field experiment. The seed was found to have a 7afc 

germination capacity. To give complete rows, lucerne seedlings of similar 

age were transplanted into sites where seeds had not germinated. For the first 

two months until the experimental treatments were imposed, the lucerne was 

grown at a 25°C day/20°c night air temperature regime and watered every 
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second day. All boxes were hand weeded and sprayed with malthion at ree,ular 

intervals to control insect pests such as slaters which were damaeing the 

plant leaves . The two rows in e a c h box were partition ed by sheet metal to 

provide t wo ' plots ' per box ( see below). 

4. Experimental Desir,n. 

The boxes were a rraned in the g lasshouse in six blocks o f six boxes 

( see Appendix 15 for experimental layout). Each block consisted of two split 

plots on the basis of soil moisture level. Within ea ch split plot , the three 

white fringed weevil larval populations were arraneed systerr.atically. As each 

box ,,as divide d into two ' plots ' of equal initial larvn l population , the 

treatmen t s were replicated within each block. Two boxes were used to carry 

out a parallel study of plant growth under the two soil moisture levels in 

the absence of l arvae . 

The soil used in the experiment vJa"l relative ly homo genous due to 

t horough mixine, the lucerne plants were similar in size since they had been 

grown from common seed and the environmental conditions in the recently con­

stucted cljmate controlled g lasshouse could be assumed to be uniform over 

all the boxes. Thus any statistical advantages in arranginr, treatments at 

r andom within the split plots were considered to be outwei rhed by the ease 

of conducting the experiment under the experimental desi/ryl used. 

5. Larval Population. 

Three different white fringed weevil la:rval popul a tions; 1 l arva , 

2 l a rvae and 4 larvae per plot were used. These particular populations were 

c hosen because t he larval survey ca rried out on 14. 3. 73 showed this range 

of larvae numbers within a similar volume of soil. The l arvae used in the 

exper iment were collect ed from the experimental site. Due to the time that 

would have been involved in collecting larvae of the same individual weight , 

the initial weights of l a rvae used in t he experiment oovered a range of 

40 to 110mg . It has bee reported ( Steven, pers. comm., Gross et al, 1972) 

that larval body weight may be an j_mportant factor in the feedin g activity 

of the larvae. Thus the larvae were individually weighed and allocated as 

shown in Table III.11 so that valid comparisons could be made between wet 

and dry soil moisture treatments both at one initial larval population and 

totally over the three initial larval populations. However there are differ­

ences in individual larva weight range between different initial larval 

populations within one soil moisture level. This method of allocation of 
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l a rvae thus introduces a co mp l ica ting factor in compari sons between cert a in 

treatments. Howeve r t hi s could not have been complet e ly avo ided no matt e r 

wh ich met ho d of a llocat ion was used. Aft er weiehing , t he l a rva e were plac ed 

jus t b eneath the soi 1 sur fa c e at regu l a r interval s a l ongside t he l ucerne 

plants. 

6. Soil Jtoisture . 

Two diff er ent soi l moisture levels ; 2CJ'/ and 1~ o f r'iry soil v:eight 

were used in the experiment. Rumball (pers. comm.) found that fie l d CApac i ty 

in the top 12.5cm. of J.'o t uiti s and was at 27% of dry soil we i eht. The soil 

moistur e cha racteristic curves supplied by the DSIR So il Rurea.u show0d that 

wilting point ( assumed to be at 15 a tmospheres so il moisture tension) a t 

1205cm. soi l depth in a s i milar soil was at 8.CJ% o f dry so i 1 weieht . Thus 

the 1cyo soi ] moisture level was cl•osen to impose a so il mo i sture stress on 

t he p l ants 1-1i thout morta.li ty of plr-mts and t!ie ?of., soiJ moisture l evel cho sen 

as b e i n~ unlikely t o stress p l ants signi ficantly . Eac h box was 1-,eighed on 

p l a t fo r m sca l es every second day and t he n ece ssary weieht of t he box and it s 

content s to eive the appropriate soil moisture level made up by the e..c'ldi t i on 

of wat er unifo r mly over the soi 1 surface . Grav ime-tri c samples t aken from 

ea ch box halfway throueh t he experiment showed that t hi s metho d eav e soil 

moisture l eve ls very close to t he des i r ed Jeve l s . 

7. Experiment a l Measurements. 

( a ) I nterim• W. ca surement s . 

During the course of the exper iment , the p l ants were individua lly 

in spect ed every second dey. The lo cat ion of any p l ant which was dessi ca ted 

so sever ely as t o be a ssumed dead wa s r ecorded . 

(b) Fina l J.' easurements . 

In order to have some p l ants r emaining in all plots a t the end o f the 

ex periment t he experiment was terminat ed on J une 24 an ~ f ina l meas urement s 

ma de over the next four deys. These include d:-

1. Indiv idual top and r oot fresh wei e ht s of all surviving plant s . 

2. Bulking roots and top s for each plot and det e r mining a mean dry 

weight. 

3. Numbers and individua l weights of surviving l arvae in each plot. 

4. Total dry we i ght of r oo t material present in the soil in each plot 

after the plants had been extracted. 
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( C) SI' ATISTICAL }"ETIDDS. 

1. Fie l d Experiment. 

1.1 Climat ic and So il Pfoasurements. 

The climati c and soi l measurements were not statisticalJ.y analysed. 

This was for two r easons : 

( i) Nuch of the measured data did not involve sufficient r eplication 

to enable satisfactory statistical analysis. 

( ii) It was judged that eraphical or tabular presentation adequately 

expressed the differences no ted. 

1. 2 Lucerne Growth Peasurements. 

Es·~::1blishment a'1d dry mattP:r production measurements were all analysed 

by regression using the R.I\R IJI computer programme on the 1,~assey University 

I.B.1''. 1620 co mputer. The computer was used in preference to a programmable 

calculator because of the shorter time jnvolved especially since missine data 

was due t o an error at sowing such that the observations for one entire strip 

of three plo ts had to be disregarded when establishment and dry matter pro­

duction data was considered. 

The field experiment wa,s of a sp lit-plot desi gn \·Ii th positions arranecd 

systematica lly and treatments arr? .. nged in strips across each replicate ( see 

Appen dix 1) as described by Cochran and Cox ( 1966 ) on paee 305. The schematic 

ana]ysis of v ariance for t his desi gn is given below: 

d. f . 

Replicat es ( R) 2 

Posit i on s ( P) 2 

Err or ( a ) ( RxP ) 4 
Treatment s (T) 5 
Error (b) (TxR ) 10 

T X P 10 

Error ( c) (TxRxP ) 20 

Error mean squar e (b) is appropriate for testing hypotheses about 

treatment differences and error mean square ('c) is appropriate for tes ting 

hypothe ses about (TxP) interactions . Since positions can not b e randomi sed, 

it is not possible to perform strictly valid statistical tests of signifi cance 

relating to the effect of positions. However, where differ ences betwe en pos-

i t1on effects are large, tests of hypotheses about position differences may 

be attempted using error (a) but the estimate of probability for position 

effects will be biased. 

The absence of data for the three plots resulted in a loss of one 
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degree of freedom in the estimate of error (b ) ;:i,nd two degrees of freedom 

in the estimate of error ( c ) . Hhen the data t·1as proce ssed through the com­

puter using single precision arithmetic, l arge rounding-off errors occured . 

The anaJ.ysis was then attempted usin[; double precision ar ithmetic but it w•s 

found than an excessive amount of computer time was required. Missine value s 

were then estimated by successive approxjrnntion. The values for mis s ing data 

in two of the plot s 1·1ere approxj mated and the stand2.rd missing value pro­

cedure used. by th e co mp uter to calculate tl:e value for the m:i.ssinc data in 

the tl1ird p lot. Usine this calculated value , the sta."ldard missing VRlue 

procedure was used to estimate a value for the missinr, data in one of the 

other two plots. Bot h calculated values were then used to estimate a value 

for rnissin r, data :in the remaininp, plot. Thereafter , the standard mis s ing 

value procedure wa s then applied to the calculated vaJues until they aJl 

remained relatively constant . 

Using these values for missing data , tests of sicnificance were then 

perfo rmed for some selected dependent variabJ.es usjng both error (b) and 

error (c) but t he procedure w;:i.s found to be time consumfog. F.rrors (b) and 

(c) \•!ere then combined and this ana J,y sis was comparer! ..,Jith the anaJysis using 

separate estimates of error. Jt was founcl that combining the errors tended 

to reduce the F' values slightly but not enough to chan1se the l evel of Gieni­

ficance of treatment differences. Thus this method of an::i],ysis was used for 

al l establishment and dry matter production data. 

Although they did not involve any missing data, nodulation and plant 

component measurements were also analysed using the computer. 

The percentage establishment data and all measur ement ratios ,!ere 

analysed using an arc sine root proport i on transformation as described by 

Winer (1971 ) on pac e 397 but this gave similar results to those derived when 

untransformed data was analysed. Since it is simp ler to translate , this data 

i s all presented in the unt r ansformed f o rm . 

Other l ucerne growth measurements whic h did not involve a ll plot s were 

ana],ysed using analysis of v ari ance for a split-plot design a s in Snedeco r 

and Cochran (1 96 7) on page 371• 

2. Glasshouse Experi ments. 

This experiment was also analysed u s ing the ana ly s is of vari ance for 

a split-plot de s i gn as in Snedecor and Cochran (1967) on page 371. 

3. General. 

In all results, when the F test indicated that the null hypothesis was 
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rejected at the 1% or :fl, level of significance, least significant differences 

( L.S.,D. ) for comparisons between treR.tment means are shown in each t ab le. 

Least significant differences for co mparisons between position means are 

sho,,m in Table JIIe5• Leve l s of significe.nce are in di c a ted in tables with 

* for signi f:ic anco at the % l evel and** for sieni fi cance a t the 1f level. 



60 

Chapter III: Results. 

( A) FIELD EXPERU.'ENT . 

1. Climate and Soil Measurements. 

( a ) Hind-Speed. 

Wind speed over the pr,ri od R.5.73 to 4.,1..74 is shown in Fieure IJI.1. 

( b) ncdnfall. 

Rainfall over the perfod 1.5.73 to 4. 4.7,1. is shown in Ji'ieures JJI.4, 

ITT .5 and III.6, in conjunction with soil moisture tension . 

( c) Hater Table Depth. 

J,'ean month1y water table depths are sho\m for June, 1973 to Septerrber, 

1973 when the water table h'ns rising in Figure IJI.2 and for October, 1973 

to :March, 197'1 1-1hen the watnr table wa s falling in Figure III. 3. A full table 

of me a surements is given in Appendix 3 to show the fluctuations in water 

tab1e depth that occured 1-!i thin months. 

(d) Soi l Voisture Tension. 

Soil moisture tendon at 0-5crn. soi 1 deyJth fo the period 1. 5. 73 to 

3.9. 73 is shown in Figure III.4. Soil moisture tension at 10cm. and a t 30cm. 

soiJ. depths for the period 3.9.73 to 2102.74 are shown in Figures III.5 and 

IIJ.6. Soil moisture tension measurements from 21.2.74 to 15.3.74 are not 

pre sented due to the r esi stance meter being out of operation during this 

period. 

As there was little variation in soi l moisture tension a t 90cm . soil 

depth between the three positions these measurements are no t graphed but 

sho\,m in tabular form in Appendix ·4. No attempt was made to show differences 

in soil moisture tension between plots at different interplant spacings 

because no clear pat tern was evident. This would be due to the differences 

in the numbers of both lucerne and weed plants in the vicinity of each 

measurement site and the insufficient number of measuring sites available 

in each plant population. 

( e) Soil Nutrien t and pH Tests. 

Soil test results for soil samples taken on 30.2.73, 30.5.73 and 

6.5.74 shown in Table III.1. 

( f) Soil Organic Matter. 

Soil organic matter results are summarised in Table III.2, as mean 

values for each position. The soil organic matter content at each measl.ll'ement 

site is shown in Appendix 7 which is drawn to scale. 



FIGURE 111.1 . WIND-SPEED : WEEKLY AVERAGES MAY, 1973 TO APRIL, 1974 
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FIGURE 111.2. MEAN MONTHLY WATER TABLE DEPTHS (cm BELOW SOIL SURFAC E) : MAY, 1973 TO SEPTEMBER, 1973 
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FIGURE 111.4. SOIL MOISTURE TENSION AT 5cm. DEPTH : MAY, 1973 TO AUGUST, 1973 
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FIGURE 111.5 SOIL MOISTURE TENSION AT 10cm. DEPTH : SEPTEMBER. 1973 TO APRIL, 1974 
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FIGURE 111.6 SOIL MOISTURE TENSION AT 30cm. DEPTH : SEPTEMBER. 1973 TO APRIL 1974 
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2. Lucerne Growth Measurements. 

(a) Seed Germination. 

Seed germ jnation percentages determined iri the 1aboratory for each 

v ariety ar e shown in Table III.3. 

( b) Bstablishmcnt . 

Since the Hairau and College Glutjnosa seed used in the experiment had 

v ery similar high laborato ry germinat ion percentap:es , percentage establishment 

Has derived from expressing t he number of 1ucerne plants counted as a per­

c entage of the number of seeds sown. Due to the lo w eerminat i on percentaee 

of the C.R.1). Suckering seed used in the experiment , percentage establishment 

measured at 31 .5.73 was very low compared with the other two varietie s . As 

the large d:i fferences in the number of plants establ i shed at one inter-plr,nt 

spacing made co mparisons between C. P . D. Sucker in e and the other two varieties 

unrealistic , no further lucerne r;rowth measurem ents for this v ariety were 

t aken. 

In Table III.4, t he significance levels at which differences between 

means occur are sho,,m for the four establishment measurement dates . Sjnce 

there were no significant differencer.; between :interactions ( treatment x 

position Rnd v arie ty x plan t spacints), t he position and treat ment means for 

ea ch measurement are shown in Tables JII. 5 , IJI.6 and JII .7. Least signi­

fic Emt differences are also sho1•m in each Table where significant differen ces 

between position and treatment means occur. 'l'he percentage establishment of 

lucerne plants in each plot at the four meas urement dates i s sho~m in Appendix 

19. The change in plant number per square metre with time after sowine is 

s ho vm a t each plant spacint:; in Figure III. 7 and for each po sit ion in Figure 

III.8. 

( c) Plant Co mponent l-~easurement s. 

The shoot, root an d plant dry weight and shoot/root ratio for a total 

of five plant s in each plot is shown in Tables IJI.5, III.6 and III.? and 

Appendix 10. The mean number of shoots per plant measured for a total of five 

plants in each plot is shown in Tables III.5 and III.6. 

( d) Nodulation. 

The nodule number, nodule dry weight and the nodule dry weight as a 

ratio with shoo t, root and plant dry weight for a total of five plants in 

each plot is shown in Tables III.5, III.6 and III. 7. 

Measurements of nodule number and nodule dry weight for a total of 

five plants in each plot is shown in Appendix 10. 

(e) Dry Matter Production. 

The production cut which was scheduled for the end of October was lost 
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when cattle broke into the experimental site on October 18 and erazed the 

stand. 

Dung was r emoved from the exper imenta l site without damagin g the 

l ucerne and the area mowed to a ccnst'ant he i ght of 5cm. with a rotary mower. 

Howev er urine patches st ill remained and thi s could }iave introduced an error 

into later dry matter production resu l ts. Lucerne dry matter , i·.'eed dry 

matter and total dry matter production at each production cut i s sho,-.m in 

Appenoix 11. 

( f ) Effect of Hhi te fringed Weevil Larvae on Lucern e Survival. 

The percenta[;e of dessicated p l ants per square metre measured a t 

4. 2. 74 for 2.02cmo inter-plant spacing Uairau and Co] lee;e Glutinosa lncerne 

i s shovm in Tables III.5 and III .7. 

The recovery of the three categories of lucerne plants after the 

second production cut is shown in Table III.8 . 

The effect of position on the recovery of t he lucerne p l an ts cate{;or­

ised as partially dessicated is sho,m in Table III. 9. 

( e) Di stri but ion o f White fringed Weevi 1 Larvae. 

The distribution o f l arvae as measured at r andom r;ites Nithin the 

exper irnenta1 sj te at 14. 3. 73 is shown in Append i x 1~. The numbers of larvae 

at each apparent level of infestation in the 2.02cm. and 15. 22cm. inter­

p lant spaci ng Wai r au pJ.ots are shoi-m in rrable III. 10. 
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TABLE III. 1. Soil Nutrient and pH Tests . 

Date Soil Type . 
Quick Test Analyses. 

pH Ca K p 

Puke Puke black sand 5.7 5 5 13 
30. 2. 7 3 J,"otui ti sand 5.7 7 6 26 

Puke Puke black sand 6 .1 7 8 22 
30.5. 73 t'otui ti sand 6.2 7 8 27 

Puke Puke black sand 6.1 9 7 15 
6 . 5.74 Jr otui ti sand 6.3 10 Q 24 _,, 

TABLE JJI.2. l•' ean Percentage Soil Organ ic t'atter Content. 

Position Soil Depth 

10cm. 30cm. 

I 5.86 2. ,15 

II 5.77 3.65 

III 3. 58 2.35 

TABLF, JJI.3. Laboratory Seed Germinat i on Percentage . 

Vari e ty Germinat ion Percentage 

Waira u 93 
Coll ege Glutino sa 92 
C. R. D. Sucker i n g 14 
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TABLE III.4. Significance Levels of Differences between ?foans. 

Position Treatment Treatment 

Spacing Variety Spacing X X 

Variety Position 

Percentage est ab li shment (31.5.73) N. S. ** ** N. S. N. S. 

Percentage e::itabJ.ishment (3.7.73) N. s. ** ·lH<· N. S. N. S. 

Percentage est ab li shrnent (16.8.73) TT. S. -Y.··* *-Y.· }T • S. N. S. 

Percentnge est ah li shment (23.4.74) ·X· ** N. S. N. S. N. S. 

Nodule number N. S. * tr . s. N. S. N. S. 

Nodule dry weight * -Y.· tr. s. N. S. N. S. 

Top dry weight N. S. n. s. N. S. ~T . S. N. s. 
Root dry weieht ** N. S. N. S. 1-r. s. N. S. 

Plant dry ,,eight N.S. N. S. N. S. N. s. N. S. 

Top /root ratio * N. S. * 1'! . s. N. S. 

Nodule d.wt. / shoot a.wt. * * 1\1' . s. N. S. N. S. 

Nodule d.wt. / root d.wt. N. S. ** * N. S. N. S. 

No dule d . wt. / p J.ant a.wt. ·X· ** N. S. N. S. N. S. 

Total D.M. production (5.12.73) N. S. N. s. * N. S. N. S. 

Luc erne D. JI~. production ( 5.12.7 3) N. S. ** E . S. N. S. N. S. 

Heed D. M. production ( 5.12.73) N. S. N. s. -l(· N. S. N. S. 

Total D.M. production ( 21 . 2.74) N. S. N. S. N. S. N. S. N. S. 

Lucerne D.M. production ( 21.2.74) N. S . ** N. S. N. S. N. S. 

Weed D.J.~. production ( 21. 2.74) ** * N. S. N. S. N. S. 

Tot a l D.M.production (9. 4.74) N. S. N.S. N. S. N. S. N. S. 

Lucerne D.M. production ( 9.4.74) · N. S. ** N. S. N. S. N. S. 

Weed D.M. production ( 9. 4. 7 4) N.S. N. S. N.S. N. S. N. S. 

Tot a l D.N. production ( 3 cuts) N.S. N. S. * N. S. N.S. 

Lucerne D.M. pro duction ( 3 cuts) N. S. ** N.S. N.S. N. S. 

Weed D.M. pro duction (3 cuts) N.S. N.S. * N. S. N.S. 

Shoot number/five plants N. s. ** 

Percentage dess icated plants 
(4. 2.74) ** N.S. 
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TABLE III.5. Position Means and Least Significant Differences. (dry matter 

production in kg/ha .) 

Posi tion 

I 

Percentar,e estab lishment ( 31 . 5.73) ,47.0 

Percentage establishment ( 3.7.73) ,10.6 

Pe:rcentar,e establishment (16.8.73) 36.5 

Percentage establishment (23.4.74) 15.1 

Nodule number 10. 9 

39 

JI 

39 . 6 

34 . 9 
3108 

8-3 

12. 8 

63 

2.94 

1. 47 

4. 41 

III 

38.1 

35.6 

5-3 

14. 8 

96 

3.06 

2.10 

5.16 

Nodule dry weight (mg.) 

Top dry weight ( g.) 

Root dry weiebt ( g.) 

Plant dry wej ght ( g.) 

Top /root ratio 2. 19 2.00 1 .46 

Nodu l e d.wt./shoot d. wt. 

Jfodule d.wt./root d.wt. 

Nodule d. Ht, /plant a.wt. 

15 22 32 

32 45 47 

10 14 19 

Total :D.M. production (5.12.73) 

Lucerne D.J.'.. production ( 5.12.73) 

Weed D.M. production (5.12.73) 

Total D.M. product ion (21.2.74) 

910 668 601 

130 140 194 

780 528 407 

253 384 295 

Lucerne D.J•' • production (21.2.74) 123 

Weed D. M. production (21.2.74) 130 

Total D.r:. production ( 9. 4. 7 4) 193 

Lucerne D.J:. production (9.4.74) 99 

Weed D. M. production ( 9.4. 74) 94 

Total D.J.f. production ( 3 cuts) 1366 

Lucerne D. 1'~. production ( 3 cuts) 399 

Weed D. M. production ( 3 cuts) 967 

Shoot number/five plants 

Percentage dessicated plants/m2 

(4.2.74) 

Larvae/m2 

20.66 

24.70 

19 

216 

168 

207 

117 

90 

1264 

427 

837 

203 

92 

228 

114 

114 

1104 

417 
687 

22.57 25.33 

38.62 60. 70 

25 34 

L.SoDo L.S.D. 

(P<0.01) (P<0 .05) 

6 . 87 

27 

0.17 

5 4 

69 



TABLF. III.6. Plant Spacing Jfoans and Least Significant Di fferences. 

( dry matter production in kg/ha.) 

Plant Spacing 

2.02cm. 9. 16cm. 15.22cm . 

Percentage est abJ.isbnent ( 31. 5. 73) 38 . 7 

Percenta ge establishment (3.7.7 3) 33.6 

Percentace estabJishrr.ent (16.8.73)29.4 

Percentage establishment (2 3.4.74) 5.2 

Nodule nUI:Jber 

Nodule dry weir,ht (mg.) 

Top dX"'J ,·reip,ht ( e.) 

Root d1y ,,ej ght ( P, .) 

Plant dry weight ( r,.) 

Top/root ratio 

13.0 

49 

2.66 

1. 57 

4.24 

36-3 

32.6 

30.0 

14. 5 

71 

3.03 

1.65 

4.54 

51. 2 

47.5 

44.5 

1t1-3 

10.0 

78 

3.01 

1. 59 

Top d.,-:t. /no dule a . wt. 

Root d.i-1t./noduJ.8 a . wt . 

Plant d.wt. /nodule a.wt . 

20 24 27 

29 44 52 

11 15 18 

Total D.!~ . production (5.1 2.73) 787 600 795 

Luc0rne D.Y. production (5.1 2.7 3) 254 

Weed D.M. production (5.1 2.73) 533 

Total D.M. production (21.2.74) 339 

Lucerne D. :M. production (21.2.74)242 

Weed D. V. production (21. 2.74) 98 

Total D.J,'. . production ( 9. 4. 74) 220 

Lucerne D.rf. production ( 9.4.74) 146 

Weed D.M. production (9. 4.74) 74 

116 

484 

300 

131 

169 

199 

94 

105 

Tota l D.J.~. production ( 3 cuts ) 1326 1098 

!Ja.cerne D.M. production ( 3 cuts) 641 341 

Weed D.M. production ( 3 cut s ) 705 758 

Shoot number/five plants 19.33 

95 

700 

294 

174 

169 

209 

90 

11 9 

1297 

359 

939 

26-37 

L. S. D. 

(P<0.01) 

5. 79 

5. 59 

5. BLJ 

5. 14 

17 

5 

40 

23 

14 

51 

74 

L. S. D. 

(P<0 . 05) 

2.84 

21 

2 

4 



'I'ABI.E rrr:r.7. Lucerne Variety 1''eans and Lea.st Significant Differences. 

( dry matter production in kg/ ha .) 

Variety L.S.D. 

College Wairau (P<0.01) 
Glutinosa 

Percentage establi shmcnt (31.5.73) 35.7 48-3 4. 73 
Percentage estabJ i s hrr.ent (3.7.73) 32.6 43.1 4.57 
Perccntaee estabJishment (1 6.8.73) 19.8 39.4 8.92 
Percentage establishment (23.4.74) 8.2 10. 9 
Nodule number 12.6 12.6 
Nodule dry weir,ht ( me. ) 71 62 
Top dry Hei ght ( g. ) 2.96 2. 84 
Root dry weight (g. ) 1 . 48 1. 72 
Plant dry weight ( g.) 4. 44 4. 56 
Top/root ratio 2.12 1.77 
Top d. wt. / nodule d.wt. 25 22 
Root d.wt. / nodule d.1-rt . L16 36 
Plant d.hrt. /nodule d.,.,t. 15 14 
Total D.J,•. production (5.12.73) 857 597 
Lucerne D.V. production (5.12. 73) 167 142 
Weed D.H. production (5.1 2. 73) 690 455 
Total D.M. production (21. 2.74) 305 317 
Lucerne D.1,". production (21.2.74) 173 176 
Weed D.M. production (21 . 2.74) 165 126 
Tota l D. M. production (9.4.74 ) 197 221 

Lucerne D. M. production (9.4.74) 108 112 

Weed D.M. production (9.4.74) 89 110 

Tot a l D.1~. production (3 cuts) 1358 1135 
Lucerne D.l~. production ( 3 cuts) 448 445 
Weed D.!~. production (3 cuts) 910 690 
P ercentage dessicated plants/rn

2 

( 4. 2. 74) 40.65 . 42.02 

75 

Lo S. D. 

(P<0.05) 

0.09 

10 

65 

198 . 

69 

65 
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TABLE III.8. Percentage Recovery o f Different Categories of Lucerne Plants 

after the Second Production Cut • 

. 
Cate c.:ory before Category after Production Cut . 

Production Cut. Des s icated Part ially Green 
dess icated 

Dessicate d 9?. . 7 2. 6 4. 7 
Partial]y dessi ca ted 21.0 6.8 72.7 

Green 3. 5 4.4 92. 1 

T ABLE III. 9. Effect of Position on Percent ar,e Recovery of Plants 

Cateporised as Purtial]y Dessicated. 

Cateeory after Production Cut. 
Position 

Des s icated Partially Green 
dessicated 

I 16 . 5 8.2 75.3 

II 21. 2 11. 8 67. 0 

III 24 . 7 27 .0 48 -3 

TABLB TII. 10 . Hhite fringed Weevi l Larva l Distribution ( larvae/ m
2

) 

a t 19. 3.74 . 

Appar ent l ev e l Po s it ion 

o f i nfestation 
Vari e ty Spacing (cm.) 

I II III 
Level means 

High Wai r a u 2.02 38 38 67 

15.22 33 33 29 40 

Low Wairau 2.02 0 10 25 

15.22 5 20 15 12.50 

Position· means 19 25 34 

L.S.D. Level (P<0.01) = 9.42 

L.S.D. Level x spacing x position Cl'<o.05) = 9.75 
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(B) GLASSlK:'USF, EXPERWENT . 

( a ) Initial Allocation of Larvae . 

The numbers o f Jarvae in each 10m13. weight rru1ee that were initially 

int r orluced to e a c h treatment are sho1•m in Table IJI . 11. 

( b) Si enificance Levels . 

The sjgnifi.cance l ev e ls c1.t 1·1hich differences between treatment means 

occur are shown in 'I'ahlc IJI.13. for ec1.ch measurement. 

( c) Larva l Mortality. 

The numbers and weieht ran ge of the l nrvae survivine a.t the end of 

the experiment a re shown in Table III .1 ?. The percente.ge snrvi val of larvae 

in each tre r-ttment is sho,-m in Table JJI.14. Analysis of variance of these 

r esults showed no signifj cant differences in percentage survival of larvae 

between treatm ents at either the 1~ or% Jevel of significance. 

( d) Larval Weight Gain. 

The pcrcentag0 total weip.ht gain of larvae in each treatment is 

sho,,m in Table III .1 5. This was calculated by mnltiplyinf; the initial total 

larvae weir,ht per treatment by the percentar,e survival of larvae i n each 

treatment , subt racting this value from the to tal larval weir,ht per treatmen t 

and expressin~ the difference as a percentage of the corrected initial total 

larval weif~ht per treatment. 

( e ) Paralle l P l ant Study In The Absence of Larvae . 

l·' easurements of me an root dry weight , mean top dry weight, mean top/ 

r oot r a t io and mean root residue dry wei ght for p l ants in both the dry a~d 

wet soil moisture treatments are shown in Table TIT .1 6 . These measurements 

are not included in Jater tab les because there a re on ly t wo p lots per soi l 

mo isture l eve l compared 1-li th thirty-six treatment plots p er moisture level . 

( f) Lucerne P lant ~ortali ty. 

The number of plants in each treatment that had their main root severed 

by the l arvae and consequently withered and died is shown in Tab.le III. 17 • . 

As in a ll the other t ables in t his section, the least significant difference 

(L.S.D.) at the indicated level of significance is shovm at the foot of the 

table where the F t est showed significant differences between main treatment 

effects and/or treatment interactions. 

(g) Root We i ght. 

The mean root dry weight of lucerne plants in each treatment surviving 

at the end of the experiment is shown in Table III.18. 

(h) Top Weight. 

The mean top dry weight of lucerne plants in each treatment surviving 

at the end of the experiment is shown in Table III.19. The analysis of 
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variance of these results showed no sienificant differences between treatment 

means at the 1% or % level of significance. 

( i) Top /Root Ratio. 

The mean top / root ratios of Jucerne plants in each treatment 

sur-vivinr, at the end of the experiment is shovm in Table TJI. 20. 

(j) Ifean Life Span of Lucerne Plants. 

The ~ean life spt1..-n of lucerne plants in each treatment is shovm in 

TabJe III.21. The anaJy::3is of variance of these resultn showed no significant 

differences between tre2,tment menns at the 1% or 'Y/ level of sienificance . 

( k ) Root Re sidue . 

The meM root residue dry weir,ht in each tre;:i.tment is sho't-m in 

Table IIJ.22. 
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TABLB nr.11. Numbers of Larvae in each We i ght Range I nitially .Allocat ed 

to Treat ment s . 

Treatment I nd i vidual larva weight ranP.e (me.) 

So il J,arval popu- 40- 50- 60- 70- 80- 90- 100- Tota l 

Mo isture l ation/ plot . 50 60 70 80 90 100 110 No. 

Dry 1 3 9 12 

2 2 12 10 24 

(1 ~v. c. ) 4 4 2 13 9 20 48 

Wet 1 4 8 12 

2 12 12 24 

(1Cf,1-1 . C. ) 4 5 1 14 8 20 Lj8 

TATn..F: IJI. 12. Numbers of Larvae i n eac h Weight Range Surviving at end 

of Bxperiment. 

Treat ment I ndivi dua l l a rva weight range ( mg .) 

Soil Larva l popu- 50- 60- 70- 80- 90- 100- 110- 120-

Moi s ture lation/ plot . 60 70 80 90 100 110 120 130 

Dry 1 1 4 2 1 

2 6 2 5 3 

4 1 1 1 11 5 4 6 

Wet 1 3 1 2 1 2 

2 2 4 5 3 1 1 

4 1 1 1 4 7 8 5 4 

Tota l 

No. 

8 

16 

29 

9 

16 

31 
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TABLE III.13. Significance Levels for Experimental Measurements. 

. Treatment 

Measurement J.'o i sturc Initial larval Mo isture X ini ti a i 

population . larval popul ation. 

Larva l morta J.i ty N . S. N. S. N.Se 

Lucerne morta li ty ** H. S. N.S. 

Root dry weight of 
surviving plants. Ne S. N. S. ** 
Top dry weight of 

surviving plants. N.S. N.S. N. S. 

Top / root ratio of 
s urviving plants. ** N.S. N.S. 

Plant life span. N. S. N. S. N. S. 

Root residue dry weight . ** * * 

TABLR III.14. Percentage Survival of Larvae in each Tr eat ment. 

Soil Initial l arval popul ation per plot . 

Moisture 
1 2 4 

Dry 66 66 60 

Wet 75 66 65 

TABLE III.15. Percentage Total Weight Gain of Larvae in each Treatment. 

Soil Initial larva l population per plot. 

1-"oisture 
1 2 4 Mean 

Dry 33.3 8.2 3. 1 14.7 

Wet 37.8 12.6 9.4 19.9 

Jfoan 35.6 10.4 6.3 



TABLE I JI .16. Lucerne Plant J\' easurement s for Parallel Study in the 

Absence of Larvae . 

So i l Me:=isurement. 

}!o isture l:ean root !-:ean top dry Tt ean shoot/ T'ean r oot 

d. \•rt . (e.) d.vrt. ( G•) root r atio residue a.wt . 

Jlry 81 e66 75093 0.93 155.0 

Hot 8 7. 80 68.60 0 . 80 127 . 3 

TABL:S JIJ. 1J• Lucerne Plant t·1ortali ty in each Treatment. 

Soi l Initin l larva l population per plot . 

Moisture 1 2 L1 Total Mean 

Dry 23 27 38 88 2. L14 

Wet 13 12 2,'.J ~9 1. 36 

'rotal 36 39 62 

L. S. D. Moisture (P<0. 01) = 0.39 

TABLE III .18 . Mean Root Dry Weicht ( g.) of Survivine Plants in each 

Treatment. 

Soil Initia l l a rval po pulation per plot. 

Moisture 1 2 4 Mean 

Dry 84.41 62.27 57.48 68.05 

Wet 64.41 70.48 66.97 67. 16 

Mean 74.23 66.37 62.23 

L.S.D. Moisture x larval population (F<0.01) = 18.4 

( g. ) 



TABLE III.19. J1~ean Top Dry Weight ( g.) of Surviving Plants i n each 

Treatment. 

Soi l 
Init ial l arval population per plot. 

J.' oisture 1 2 4 Hean 

Dry 57 .16 53. 36 48 .86 53.13 

Wet 73.68 82. 55 92.89 r,3.04 

J~ean 65. 42 67. 96 70. 88 
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TABLB IJJ. ?O . f/!ean Top /Root Ratio of Surviving Plants in each Treatment. 

Soil 
Initial larval population per plot. 

J'.ois ture 1 2 4 J,'. ean 

Dry 0. 80 0.82 0.91 0.84 

Wet 1-30 1. 18 1.40 1-30 

Mean 1.10 1.00 1.16 

L.S.D. Mo isture (P 0.01) = 0.05 

TABLB III. ?1. Mean Life Span ( days) of Plants in each Treatment (maximum 

po ssible life span= 42 days). 

Soil 
Initi a l larval population per plot . 

Moisture 1 2 4 i~ean 

Dry 39.0 39. 2 35.4 37.9 

Wet 41.1 40.5 39.0 ~B /40•Z 

Mean 40.0 39.9 37. 2 



TABJ,E III.22. Mean Root Residue Dry Weight (g.) of Plants in each 

'l'reatment. 

Soil 
Initi a l larva l popuJat ion per plot. 

Foisture 1 2 4 1' ean 

Dry 226 .0 177. 5 150.0 184 .5 
-

Uct 92.5 124.0 96 .6 104 . 4 

Mean 159 .25 150.8 123. 3 

L. S.D. J>'.'oisture ( P<0.01) = 10 

L.S .D. Initial l arva l popuJ at ion ( P<0.05) = 9.8 

L. S.D. Initial J.arval populatjon x }'o i st ure (P<0.05) = 94 

83 



Chapter IV: Discussion. 

( A) FIELD ~PERI?fENT . 

1. Climate Factors. 

1. 1 Hind-Speed. 

Average wind-speeds for each measurement interval range from ?.?km/ 
hr to 13. 7km/hr ( Fig\lre III .1.)., Cowie et al ( 1967) four1d there was a distinct 

annual pattern of wind-speed in the J;'anawatu sand country but the results 

from this experiment are not consistent with these findings. This could be 

due to the shelter belt on the v!estern side of the experjmental site reducing 

the speed of the prevailing west and north-west winds. Thus easterJy and 

north-easterly winds which are the most fre quent as recorded b,y Thomson ( 1930) 

at Waitatapia, probably cause the peaks in average wind-speed which are 

shown on the graph (Figure IJI.1.). These peaks are Most common during late 

summer and autumn when according to Cowie et al ( 1967) winds from the easter­

ly direction become more frequent. 

1. 2 Rainfall. 

Averne,e month]y r a infall for the period April , 1973 to Ji'arch, 197'1 

was 62.,1mm. The hir,hest monthly rainfall occurcd in September ( 113. 5mm) 

while the lowest month]y rainfall occured in J,~ arch ( 13. 99mm). These figures 

can be compared with an average rr.onth]y rainfall of 70mm with highest month ]y 

rainfall occuring in June ( average 86 . 25mm) and. the lowest monthly rainfall 

occuring Marc h ( average 52.5mm) recorded a t Foxton from 1912 to 1954 (Cowie 

_£! ~ 1967). Thus this 1974/74 period had a slight]y lower annual rainfall 

than the 42 year average rainfall but a much greater range in monthly rain­

fall. l'foreover , the normal annua l pattern of rainfall as outlined by Cowie 

_£! a l ( 1967) differs from the pattern for this period. Rainfall for Ju]y 

(38 .75mm), August (5 3.75mm), October ( 47 .62mm), January (27.29mm) and J~arch 

(13.99mm ) was below recorded 42 year averages of 75mm, 78.7mm, 80.0mm , 58.0mm 

and 52.5mm respective]y while rainfall for September (113.5mm) was above the 

recorded average of 62.5mm. 

2. Soil Factors. 

2.1 Water Table. 

As can be seen from Figures III.2 and III.3, the water table rose 

from June, 1973 to September, 1973 and then fell from October, 1973 to March, 

1974. Thus the highest and lowest water table level coincided with the months 



of highest and lowest rainfall. Within the month , the water table depth 

fluctuated according to daily rainfall from June to November but from 

December to March, the water table fe] 1 regardless of rainfall. This would 

suggest that the rainfall infiltrating into the soil from December to March 

was either utilised by plants or evaporated from the soi l before it could 

penetrate do1•m to the water table. 

The mean monthly water table a l so differed between mensurement sites 

( location of measuremen t sites shown in Appendix 2.) The water table was 

const ant over si tcs 1-3 ( plain) at any one time but was lower at sites 4 and 

5 ( dune). Changes in mean month]y water table maintained this pattern. No 

reasonable explanation could be found for the loviered wate r table under the 

dune co mpared with that under the plain. 

2.2 Soil 1-'oisture Tension. 

Soil moisture tensior.. will be discussed in terms of changes with time, 

soil depth and position. 

( a ) Changes in soil moisture tension with time . 

Soi 1 moisture tension chaneed with time a cco rding to the amount of 

rainfall which preceded each measurement date . From },ay , 1973 to August , 

1973, some rainfall occured during most measurement intervals and soil 

moisture tension at 5cm. depth seldom ro se above 10 atmospheres ( Fieure IJI. 

4.). This situation continn.ed in September , 1973 but from October, 1973 to 

April , 1974 less regular periods of rainfall to r ether with long periods 

without rainfall occured (Figures III.5 and III.6 .). This r esulted in greater 

and more frequent c hanges in soi 1 moisture tension with time . 

(b) Changes in so il moi sture tension with depth. 

Soil moisture tension changed with depth at any one measurement date 

from September, 1973 to April, 1974. Generally, soil moisture tension at 

10cm. depth was higher than at 30cm. depth which in turn was higher than at 

90cm. depth. However, from October, 1973 to December, 1973 and again dur ing 

March, 197 4 , soil moisture tension at 30cm. depth was greater than at 10cm. 

depth. The former differences would be expected for as depth increases, so 

is the soil more buffered against losses of moisture by plant uptake and 

evaporation, and gains of moisture from the percolation of rainfall through 

the soil profile. This was reflected in the slower and lower responses in the 

soil moisture tension at 30cm. depth compared with 10cm. depth. However, as 

the lucerne roots expand downwards with time, soil moisture at greater depths 

would be expected to become depleted as found by Kiesselbach et al (1929). 

The other factor that could affect changes in soil moisture tension 

with depth is the water table as it affects the supp]y of moisture to upper 

horizons of the soil by capillary rise. Hillel (1971) claims that a sandy 
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lo am soi 1 can evapo r at e water at an appr eciab le r ate even when the water 

is as low as 180cm., but as the water table beco mes deeper and the soil 

moisture tension at the soil surface increases, the a ctua l evaporation rate 

approaches a limit ing value reeardless of how high the potential evaporation 

r ate may be. Thus when the water t able was hi g h during winter and early 

spring , capillary ri se from the water table could have occured to influence 

soil mo i sture tension at 10cm. and 30cm. depth. 

From September 18 to ()ctober 8 , many of the [:Ypsum blocks at 90cm. 

depth i,ere below the water table ( see Appenrl.ix 3.). F:ven when t he water 

t ab l e feJ.l capi J.lary r i se apJ,eared to be responsible for the constant l ow 

soil ~oisture tensions at 90cm. (see Appendix 4.) • 

. ( c) Changes in soil moisture tension with pocition. 

Soi l moisture tension ch2,nged 11i th posi tion both at the 10cm. and 

30cm. depths. FrO!~ rr c=>,,y , 1973 to l\Ueust , 197 3, soi l moisture tension at 5cm. 

depth in Position III was hicl,er thru1 in Position II wl:ich in turn was hieher 

t han in Position I . Ho1vever only on two occasions during this period did 

measurements indicate that the so il moisture tension was at wiltjng point 

( assumed to be 15 atmospheres ). 

From September , 1973 to December , 1973 , soi l rr:o i sture tension at 

10cm. depth was higher in Position III than in Fosi tion II which in turn 

was hieher than in Position I. The soi] in Position III first reached 1-JiJ.tine 

point on October 11 followed by Position IT on Decemh.er 3 and Position I on 

December 6 . After r eaching ,,1 iltjne point , the soi] moisture tension fluctu­

ated from wilting point to lower v alues with r a infal l. 

Followine rainfall in l ate December , soil moisture ten sion a t 10cm. 

depth was greater in Po sition I than in Position II which in turn was Greater 

than in Position III. Thi s situat ion continued U.."ltil late January wh en all 

po s itions dried out to wi lting point. Rainfal l in February r educed soil 

moi sture t ension in all positions. Although a gap in soil moisture tension 

measurements occured from February 2 to Ya:rch 15, since r ainfal l was Jow 

over this period the soil in all positions could be assumed to be drying out 

to the high soil moi sture tensions recorded from ~arch 15 to April 4. 
The other notable feature of the 10cm. depth soil moisture tension 

data i s that the soil in Position III t ended to dry out at a faster rate than 

the so il in Posit i on II which in turn dried out at a faster rate than the 

soil in Position I from May, 1973 to December, 1973. 

For almost the entire period from Spetember, 1973 to December, 1973, 

soil moisture tension at 30cm. depth in Position III remained at 15 atmos­

pheres while soil moisture tension in Position I remained at less than 

1 atmosphere with soil moisture tension in Position II fluctuating between 
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these two extremes . After rainfal l at the end of December , the soil in 

Po sition !II wetted up sufficient~r to maintain a lower soi l moisture ten­

sion than in Position I which itself drii:id out in J anuary t o give hir,her 

soil moisture tensions than in both Position s II and Position IJI. 'I1his 

situation continued until the end of the exp::~riment wi th the soi ls in 

Position JI and Posi.tion III eventually drying out to Hilting point. 

Soil moisture t ensi on at 90cm. depth was similnr in all positions 

al thoueh the soi 1 r..oisture tension averaged over all measurements increased 

sliehtl,y from Position I to Position III (see Appendix 4. ) . 

Co ,-1ie and Smj th ( 1958) state that the Jfanawatu sand co u..nt ry soi ls 

with their coarse texture , hold very little moisture durine dry periods. 

Being situated :in a district of loi-1 rainfaJl, their productivity usually 

depends on their natural drainaRe as this is the main factor in determining 

the amou..,.'1t of soi 1 moist ure available during the growing season . J-Jatural 

drainaee is used by Co,-,ie and Srni th ( 1958 ) in the sense of rapidity and 

extent of r emoval of water from the soil and this largely depends on the 

water table depth and the texture, structure, organic matter content and 

slope of the soil. Voisture loss by evapo r ation is also important but this 

is consi dered uniform except between soils on summy a.no. shady fac es of dune s o 

The differences in soil moisture tension between positions at 10cm. 

and 30cm. depths will be discussed in terms of the above factors. The soil 

in all three positions can be classified i n the textural class of sand in 

all horizons of the soi l profile with a weakl;ir developed crumb structure i n 

t he A horizon grading dovm to structure l ess B and C hori zons ( see Plates II , 

III and IV). 

I t is in o rganic matter content and depth o f t opsoil t hat the so ils 

in t he three po sitions differ mo s t (Tab le III .2 and Appendi x 7.). Organic 

ma tt er cont ent a t 10cm . depth averaged over al l measurement s i tes in Po sit i on 

I (5. 86%) and Po sition I I ( 5. 77%) i s higher than in Posi t i on III (3.5£3%). 

Buckman and Brady (1 969) c laim that a well drained min era l soil contai n ing 

% o rganic matter wi ll r e t a in ·more moisture t han a comparable soi 1 with Y/o 
organic mat ter cont ent. ~~est of t he benefit of organic matter in t his case 

is attrib uted to it s favourable i nfluence on soil structure and in turn on 

soil poro s ity . At 30cm. depth, organic matter content averaged over all 

measurement sites is higher in Position II (3.6 5%) than in Position I (2. 4'.7%0 

and. Position III (2.33%). 

The soil in Position I ha d a topsoil (A horizon) depth ranging from 

25 to 30cm. while the topsoil depth in Position III ranged from 15 to 20cm. 

The soil in Position II had a topsoil depth ranging from 20cm. to 40cm. at 

the change of slope from dune to plain. Presumably, the build-up of organic 
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matter which occurs a t the change of slope was due to the movement of 

top soil from the dune during periods o f heavy r a in fa l l . Thi s co u l d hav e 

t aken p l ace whi l e the dune wa s sti ll r e l ativ ely uncon solidat ed duri ng t he 

i nit ial sowing o f pasture in the paddock. Thus , topsoil depth explains the 

greater abi li t y of the soi 1 j n Position II a t 30cm. depth to r et ain moi sturc 

compared with Po sition I and Position III during periods of low rainfall . 

Ac cordine to the c laims made by Hillel ( 197 1), the different vmter 

table depths co uld have affected the soi] r.:o isture ten s ion nt 10cm. and 30cm. 

depths between positions. Ho1,1ever, water table depth was not highly correJ a ted 

wi th soil mo i sture t ension in tl1is experiment . 

Thus the majority of the differences in soil moisture tension bet1-.1een 

po s i tion s a ppear t o be due to differences in the ability of the soi l s t o 

retain moisture according to their soil organic matter content and dept h of 

topsoil. The major anomaly in t his explanation is the change in the order of 

soil moisture tension in the tr..ree positions at 10cm . depth durinri January 

but this can be expla ined in terms of pl;mt factors . From January , 1974 t o 

April , 197~ , there was a sparse cover of vegetation i n Position III and the 

upper half o f Po sition II compared with the lower balf of Position II and 

Position I ( see Plates 9 and 10). It i s probable that tbe uptake of moisture 

by plants from the area where ver,etation was spar se would be much less than 

the uptake of moisture by pbnts in the area where V8Cet .-=i. tion was still 

abundant. Although so il mo i sture wou l d sti l l be lo st _by evaporation f r om the 

soil surface over t he ent ire experimental site , it is suegest ed that t rans­

piration was a mor e i mportant f a c t or i n increasing so il mo i st ure t ension over 

this perio d. 

2. 3 Soi 1 Organic ?fat t er. 

Soil organic matter content for t he so il fro m each posi t ion was 

consi s t ent with v alues given by Cowie and Smith ( 1958 ) and Cowie et a l ( 196 7). 

The l a tter workers consider t hat organic matter in the Manawatu sand co untry 

soils r ange fro m low to very hi gh. This increase is correlated with poorer 

natural dra inage r esulting in increased p l ant growth on wetter soils. 

2.4 Soi 1 Nutrient and pH Te s t s . 

The application of lime to the exp erimental site before sowing 

increased the soil pH (30 days after sowing ) in Puke Puke black sand by 0.4 

pH uni ts and in Jfotui ti sand by o. 5 pH uni ts. The application of fertiliser 

elevated the phosphate status of Puke Puke black sand from high to very hi gh 

but did not alter the very high phosphate status of l/!otui ti sand. The medium 

potassium status of both soi ls before sowing was elevated to a high status. 

At the end of the experiment, the pH and status of all the soil nutrients 

had remained relatively constant in both soil types except for the phosphate 



status in Puke Puke black sand ,-;h ich was reduced . 

3. Lucerne Growth Factors. 

Lucerne estc1blishment cu1d growth wi 11 be discussed in three phases 

covering the duration of the field experiment. Phase I Hi ll cover the period 

from O to 31 days after sowine:, Phase JI the period from 31 to 11 0 da,ys after 

sowing and Phase III the period from 110 days to one year after sowing. 

3. 1 Phase I . 

Percentace establishment of lucerne 31 days after sowing averae;ed 

42;-S over a ll treatments and positions which is consistent with percentage 

lucerne cstabli shrnent recorned by other workers . (Blair, 1971 ; l1thow, 1 <)57; 

Tyler et 2.l , 1956; Za leski, 1957). In the case of this experiment the dis­

parity between the laboratory eermination of the seed and the actua l per­

centaf,e establishment of seed 31 days after sowine; can be discussed in terms 

of several factors. 

So i 1 moisture tension measured at 5cm. depth one day after so Hing 

averaged 8 .1 atmospheres for Position J , 10.4 atmospheres for Position JJ and 

15 atr.iospheres for Position JII. Both Triplett and Tes2.r (1?60) ·,1ith V<>rnal 

lucerne and Co llis-rzeorge and Sands ( 1959) with J,:edicago spec ies found that 

germination was neglir,ible when soil mcisture tension after sowinr. ,-,as 

greater than 10 atmo spher es but followin g a reduction in so i 1 moisture tension 

fina l germination percent age was unaffected. Therefore the 35mm of rainfall 

that fell in the first week after sowing and reduced soi l moi sture tension 

to below this crit ical level in a ll positions would ha.ve ensured that final 

germin ation percentage was unaffected but the rate of 1:,er minat ion ,-:a s possibly 

slower in Positions II and III than in Po rit ion I. 

Minor damage to the lucerne s eedlines by Springtail ( Sminthurus 

viridis L.) was noticed 24 days after sowin g and an immediate application of 

insecticide minimi sed any damage from thi s insect. 

Soil pH tests carried out 30 days after sowing s howed that the 

applicat ion of lime before sowing had elevated the soil pH to an average of 

6.15 over the experimental site (Table III.1.) - a level considered adequate 

for lucer ne seedling growth and nodulation by White ( 1967). 

Fourteen days after sowin g (7days nfter seedling emergence) healthy 

seedlings were observed to change to a bro1-mish colour and eventually comple­

tely rot. Seedling s showing these symptoms were extracted from the soi 1 and 

examined by the Plant Pat ho lo gy Department, Massey University where fungi of 

the genera Pythium and Fusarium were identified. 1facKenzie et al ( 1972) found 

that damping-off in lucerne seedlings by Pythium irreP,ulare was evident within 
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a week of emercen ce and seedlings disappear ed wi thin a few days o f death. 

This fun gous disease factor :i.s consj dcred to be the major factor causing the 

l ow establishment of luce:rne during this phase in the present trial. 

Lucern e plants so,•m at 15.22cnr. int er-p l an t spacing had a sign i ficantly 

hi c he r (F<0.01) percent age establishment 31 days after sowine than plants 

so,,m at 9.16cm. '6 r 2.02cm. spacings (Tab l e JI J .6 . ). Zaleski ( 1957 , 1959 ) 

showed that the mean percentage of phnts established de creased significantly 

at higher seed rates where a high proportion of hard seed was present. 'I'he 

l ater germinating seedlings deriv ed f r om hard seed were apparently at a 

co mpetitive di sadvantaee . In t he pr esent experiment, laboratory eermina.tion 

after 7 days Has greater than 90; for bo th variet i es sug~esting a very small 

proport ion of hard seed . Therefore it i s unlikeJy that the above difference 

was due to the competitive exclusion o f late emerF,ing seedlings de rived from 

hard seed under the clo se spaci ng treatment . 

Inter-specific co mpeti tion during Phase J could be a s sumed to be 

nee ligib le since a t this stace the pre-emergent weed contro 1 method used had 

effectively controlled weeds. Exceptions were occasional clumps of perennia l 

r yegrass (Lo lium perenne L.) and to ad.rush ( Juncus bufoni us L.) seedlings on 

the p l ain . Jf the toadrush seedlings had been ?.ffecting estarJlishment then 

a significant position effect wou ld h:wc appeared in the anaJ.ysis . 

A more likely explanation for these differences in est a.b J.ishment 

between plant spacings would be that at close spacing cross infection of 

seedlings was greater than a t wider spacings and produced an epidemic out­

break of damping-off. 

Wairau had a signi ficantly higher ( P<0 . 0 1) percentage establishment 

31 day s after sowing than Collee e Glutinosa . Th i s varietal difference in 

lucerne establishment confirms experi mental results f rom F lo ck House F. R. A. 

where establishment o f Wairau was superior to establishment o f other l uc erne 

vari et ies including College Gl utino sa . Although there i s no proof it appears 

likely fro m this experiment that College Glut i nosa was more sus ceptible than 

Wai rau to pathogenic f ungi under the prevai ling conditions . 

3. 2 Phase II . 

From Fi gure s III.7 and III~8 it can be s een that during Phase II 

mortality wa s r educed considerably compared with Phase I. During Phase II, 

plant mortality was not s ign i f icant ly different between treatments. Howev er 

the signifi cant differences b et ween spaci n g and variety present at t he end 

of -Phase I were maintained during Phas e II (Tables III.6. and IIJ.7.). 

During Phase II, ade quate moisture wa s still available for lucerne 

plant growth except for infrequent short peri ods in Position III ( see Figure 

III.4.). 
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There was no evidence of any jnsect d.amaee durjne; Phnse II . 

':'he measurer.;ent of nodule n umbers carr ied out 40 da,ys after so,,d ng 

( se e Append i x 10 1 j ndicated that nodL l;:it j on hnd been aehievcd over 2.11 lucerne 

pJot s. Bo ,-;ever , I'c1.cYenzie et a J. ( 1972) fo nd tr·at the1·e ,..,,:1.s no posj tive 

as soci;-,tion b et,;.,een the n t11~1,er of esta"bli.shed plnn t s Rt 10 \veeks after sowing 

and noduJ.ation despite obvious g r owth differences associated with noduJ.ntion. 

From the 1,cr,jnninr, of JuJ.y , in['.ress oi vadous ,-:eed species occtll'ed 

( see Appendix 13). 'I'he gro ,-,th of ,-med sp'3cies ,-:as ho1.Jeve r very slow durinP, 

this period c1nd it is unJikely that tl1 cy ,,·ere jn ccrrpctHion with Jnc e rne . 

Blair ( 1971 ) used in:1ocnlation 0xp e ri1 ,1 nts to show that wherE'!e.s many 

Fusa:rium funei r0c1.d jly produce pre-cmerrence dec0y , nd seed ljn p: dr:mpjnr:-off, 

ot hers in l ess virulent form er throt'r•h infection bcinr, d0Ja;yed until o.fter 

seedJing est abJ:isrrr:rmt, appear to a~im.i.ce the roots and consequently jrr Fdr 

seedJjnr1 r-:ro ,th. Jt is JikcJy that the pJ;i.nts that died durine Phase II we:rf' 

tho se tJ-,at harl. suffered various der,rces of funcal attack in the first 51 days 

aft e r sowh,g . 

'I'he chr1.n r,es jn plc1nt ntimbers for different p ,mt spacincs over t)-,e 

fi rst three estnbJisl1ment co\lnts (Phase I nn d n) a r e sl-:own jn Pi ~ure TII.7. 

Alt tour1 h the n 11rh er of plants cstahJisl1cd incre,qsecl r-tt closer pJant cpacings 

as found by Palme r ( 197 1), cl.eat. rates of pJ ants 1--:ere hir,her in the denser 

plot s as found by Jarvis (1 96?) and 'l' ru<C'lsr:ki et~ (1 S170). /l.fter 11 0dn,ys, 

plot s r:01vn at 9.16cm . spacinr, hr1.d den;-:ities very sjmilar to those sovm a t 

15. 2?crn . In plot s sown at 2. 02cm. the population had declined at a faster 

r a t e tl1an plot s a t wider spacinP,s and was st iJl declfoing ( see ?igure IJJ. 7.\. 

The rat e of declin e in t he mean numbe r of lucernf' plants per square 

metre with time after so viine i s r elative ly $imi lar i n a ll three po s itions 

although Position I has a sliehtly lower r c1t e of decline (see Fi0ure JIJ.E<.). 

3. 3 Phas e ITT. 

( a) Percen t a~ e est ab li s run ent after one yea r s growth. 

The n umber of plants present after one year was considerably less 

th an the n umb e r present at the end of Phas e JI in all posi tions and treat­

ment s . There was a si gnificantly hi gher (P1< 0 . 05 ) percentage est ablishment 

of plants in Po s ition I t han in Position III. This larr-e r eduction in plant 

n umbers with time is thou,o:h t to be due to two main factors. Firstly , high 

soil mo isture t ension s reduced the amount of soil moisture available to the 

lucerne plant s. Secondly, wh ite frin ged weevil larva e damaged the roots of 

many lucerne plants . Thi s will be further discussed later . 

Percentag e establishment was significantly hi gher (P<0.01) at 15. 2?cm. 

spacing than a t 2.02cm. spacing (Table III.6.). This suggests that plants at 

clo ser spacings may be more susceptible to attack by white fringed weevil 
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l arva e , an d/ or s uffe r mo r e severe comp etjtion f or moi s ture t han plan t s a t 

wi de r spacine s . 

( b ) Plan t componen t s . 

Sho ot n umber per f i ve plants i s sir,nif i cantly higher ( F<0 .01) a t 

15 . ?.?.cm. spacing than at 2 . 02cm . spacing . The i n crease in shoo t n umbe r pe r 

l uc erne p l ant ,-,ith decreasing plant density has a l so been foun d by Cowet t and 

Spra~ue (1 n62 ). 

'11 here are no significant differences i n top dry weir ht , r oot dry 

weight or to tal d1~ we i cht per five plantn hetween dif~Prent plAn t spacinps. 

However })lan t dry weir,h t increases as p1Rnt spacinf increases f r om 2 . 02cri . 

to 9 .1 6cm . to 15 . ??cm. wh i ch would be expected from results o f Bumbe,.t)fh ( 1963) 

and Co1·:ett and Sprap, ue ( 1962). The absence of sif~n i ficance between means 

co u l d be due to an i nsufficient number of plan t s sampled. 

The r e were , however , si{'nificant differences i n root dry weif'ht and 

t op ,/ root r ation per five plants between pos i tions ( Tab l e JJJ. 4.). Th i s 

i mp l ies t hat p l nnts in Po s j tions II and JIJ are r espondi ng t o a hi gher so il 

mo i sture tens i on be expandinr, tre i.r ro ot systems as shown by • eaver ( 1926 ) , 

o r possibly t hat plants i n the rc l a.t :i veJy weed f r ee Posi tion JJI encl to a 

l esser extent Posjtion I I are not shade'.i to the same degree as plants jn 

Po s i tfon I. Pritchett and Nelson (1 95 1) fonnd that shad j nP, dep.r essed t he we i r,ht 

of r oots mo r e t hRn t hat o f the tops as sho wn by i ncreas:i ng to p to r oot 

rat i o s w:i t h increasinf sh a de. 

Collee e Glut inosa l ucer ne p l ants hav e a s i gnifi cantly hi gber ( P<0 . 0 5) 

top /roo t r a t ion t han Wairau p l ant s whi c h sur,gest s tha t the mo r e rhi zomato us 

r oo t system o f th e Col l epe Glutino s a plan t i s more effici ent i n ext rac ting 

wa t er than the t rip r oot syst em of the v!a.ira u plant in the f i rs t y ea r o f 

g ro wth un der th e con di tions prevai lin f in th i s experiment . 

( c) No du l c1tion . 

Plan t s s pa ced a t 15. ?.?cm . and 9. 16 cm . had si gnifican t l y hi rher (P<O. 0 5) 

nodu l e dry weights t han plcmts spac ed at 2 . 02cm. (Table III.6.) . As has b e en 

s ho wn , p l an t s at the 2.02cm. spa cin r, we r e sma ller t ha.n t ho se at wider spacin g s . 

Thi s supports the finding s of Kawat ake et a l ( 196 2) who demonstra ted a 

sign i f icant posit ive rela tionshi p b e t ween no dule weight and the dry matter 

o f root s and tops . 

In contrast, no dule numb er per five plants i s si gnificantly hi gher 

( P<0.05) at 9.1 6 cm. t han at 15.22cm. spa c i ng . This i mp l i es that in t his 

situat ion , plants at wider spacings have a small n umb er of larg e no dules 

whi le plants at closer spacing s hav e a l a r g e number of small nodules . However, 

t he nodule numbers for plant s spaced at 2.02cm. do not fit into this t r end . 

Thi s i s probably because only five plants per plot is an insufficient number 
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to giv e a re li ab l e estimate of th i s measur ement ;md t hese r esults s},ould be 

i nterpreted wi th c aution. 

Ratios of nodule dry weipht to top , root and plant dry wei ['.ht are 

a ll significantly hi {' er at 15 o2?cm . and ? . 16cm. spacinr, than at ?.02cm. 

apacin~ . C'nly for nodule dry \•Jei r-·M per unit of shoot dry wei r }1t are v a Jue R 

si r,n ificant 1y hi r,her (P< 0.05) at 15. 2?cm . t han at S, .1 6cm. spacinp. These 

differen ces ,•;o ~lG be C'Ypectcd f n:-r:i the nodule Heip,ht per plant resuJts ,md 

demonstrates the dependence of nodu l e growth on the groKth of the host plant 

at this stc1fe. 

College Glutinosa plants have a si.gnficantly hi r,re r ( r <o .05 ) nodule 

dry weir-ht per root dry \•1eipht than HairHu plant s 'e:h:i.ch sugr:est s th;,.t the 

~re;:i.ter branchine o f the root system of C0Jl0?e Gl1Jtinos2. may prcv j de mo re 

infection s ites than 4.he to.p r oot syst em of W:~j rau. 'Ph ere were no othr-> r 

sir:ni fj cant difference f; betwee n vnriet ie s for nodn lat ion 1r•easure .. ent s. 

Wodule dry w0i>_'.ht p er five plants is sit:nif:icantly hiP,h cr (P<0 . 05) in 

Position III th n i n Position I an d II. Bond ( 195 1) and '!irtR.n en and von 

Hausen (1 936 ) found that the \•;eir:ht of noclnJe,:; per pLnt w:1.s rrarkcdJy reduced 

by Jo wer ox•rrsen suppJ:r but nodule n vmber vms less affected. Thj s explanA.i:ion 

appears un ikely in this cxperL ent sjnce ove r tr.e per io,J from sowine, to 

when this neasnrement wrn t2.k:en (1?.10 . 73), the soi l jn the rot zone of 

the 1 c erne plants was not \~a.terlo gr,ed hy a hieh water ta1) le , even in Position 

I. Anothe r possi b l e explanatfon i s that the r e l ative fr C'edom of the lucerne 

plants from competition wi t h we e ds i n Position II I compP..red wi th Positions I 

and I I as shown by the first p r oduction cut ha s r esulted in less co mpet ition 

for light between lucerne and other spec i es thus providin r. a greater supp Jy 

of c a r bohydrate to the roots and hence greater nodu l e growth . This expla.n­

ation is also supported by t he P,reater t o tal p l ant dr,v wej r.h t i n Po sition 

IJ I compar ed with Po sition s I and IJ (Tab l e III. 5 . ) . 

Nodt1 le dry weip,;ht per unit of top dry we i ght i s s i gni f ic:rnt l y 

hig her ( P 0 . 0 5) in Po s i tion III t han in Po s i t i.on II . Nodule dry wei pht p e r 

unit o f plant dry we i p,ht is s igni fi can tly hi g he r ( r <o . 0 1) i n Po s ition III 

t han in Po sitions I and I I an d signfi can t ly hi gher (F<0 . 05 ) i n Posi t ion JI 

than i n Po sit i on I. These differences betwe en positions wo u l d a gain be 

ex pe c ted f r om t he nodule dr y we i ght per plant r esult s. The absenc e of sign i ­

f i c an t differences in nodul e d ry weight per unit o f roo t dry weight b etween 

positions emphasi s es t he correlat i on b et ween nodule dry weight and r oot dry 

wei ght. 

(d) Dry matter production. ~ 

At the first production cut, College Glutinosa plots produced signi­

ficantly higher (P<0.05) total dry matter t han did the Wairau plots. There 
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was, however no significant difference between varieties in lucerne dry 

mat ter production and the sienificantly higher (F<0.05) weed dry matter 

production in College Glutinosa plots is r esponsib l e for the differenc e jn 

tot a l dry matter production. From the d2ta co llected , no reasonabJ.e explan­

ation cc1.n be su1sr:ested for this varietal di fferen c e in weed gro\,rth. 

F'ror.1 ceneral a gronomi c considerations it -.io uld be expected tha t 

luccrne at closer spacin5 s would produce mo re dry matter at the first pro­

duction cut. Thi s was in fa ct the case, drJ matt e r product i on beinr, signi­

fi Cc>J1 tJ,y hic he r (F<0.01 ) at ?.02cm. th3t at 9. 16 cm. and 15. ?2cm . plant 

spacing s . Co nve r se ly it wo uld b e expocted th2.t at the closer J ucerne p l nnt 

spacinc fewe r we ed secdljnes would b e come establj shed due to the competition 

from the lucc r ne . Ho weed population data wa s co llccted and therefore no 

conclus ion s c an be drawn r er,ardinr, weed numbers. Eowever the weed dry matter 

data obtained , alt houGh not s i{7lifj cnnt indicat e s n consi derably ere 2.ter 

weed dT"IJ matt er p r oduction a t 15. 2?cm. plant s pa cine co mpa red 1•,i th 2.0 2cm. 

and 9. 16 cm. spacin es . 

Although th ere were no sienifjcant differences in lucerne dry matter 

pro duction b c t1-1een positions , luce rn e dry matter production wa s greater in 

Po s i tfon III t han in Position J and JI (Table IJJ.5.). Conver s ely , weed dry 

matt er product ion decreased from Posit:ion I to Po s itjon TI t o Position IJJ. 

T hus ;:ilthough soil moicture tension was higher in Position IJI than in 

Po sitions I and II and co uld therefore ha.ve limited lucerne gro_wth , it v1onld 

appear tha t the weed species wer e more affected than the lucerne plants in 

Po sition III during t hi s period. The weed species present at this production 

cut are shown in Appendix 13. 

At t he second production cut, lucerne co mprised a larc.;e r proportion 

of the sward than at the fir st production cut. This could be attributed to 

the effect of high soil moisture tension s on p l ants of other specie s over 

the growth per iod lea.dine; up to this production cut plus the seasonal decline 

in the growth of Lotus subbiflorus L. a.nd Trifo hum subterraneum L. fo 11owing 

the first production cut (se e Appendix 13.). 

Lucerne dry matter production wa s again significantly highe r (P<0.01) 

at 2.02cm. plant spac ings than at 9 .16 or 15.22cm . spacings but was also 

siGnifi cantly hi gher (P<0.01) at 15. 22cm . spacings than a t 9 .1 6 cm. spacings . 

This latter differ ence was unexpected and no explanation is suggest ed by 

the data ava ilable. Lucerne plants spaced at 9.16cm. and 15. 22cm. had a 

significantly higher (P<0.05) weed dry matter production than those spaced 

at 2.02cm,. which is compatible with t he lucerne dry matter production 

di ffe rences. 

Increa sing number of dessicated plants were observed during January, 
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1974 . On 4.2.74 it was found that dessicated plants as a percentaee o f tot a 1 

plants present per square metre was significantly hi p.her ( P<0.,0 1) in Posit i on 

III than in Po s ition I and significctntly higher (P<0.0 5) in Position IJI 

than in Po s ition II (T ahle IJI.5.). 

The majority ( 92 . ?;1 ) of the plants catecorised as dessicated and t:r.e 

ma jority ( 92.1~) of plants categorised as gre en on 20.2.74 , ir.:mediatel,y 

before the second production cut were sti 11 dessicated or ~r een when the 

pla11ts we re recatc13orised 14 d c\YS after the second production cut . This 

co:r.firmed the utility of the catecori es used . In the parti;;.lly dessic;:ited 

cate[;o ry I a l arr:e proportion ( 72. 7f.-) o f the pJants were recatc r,orised as 

crecn at the second count. As shown in Table IJI . 9 1 more plants recovered 

in Position I than in Position II th2.n in Position III while plan ts r cma.:inin t; 

part:i ally dessicated , and plants mov:i np, from the part i 2-lly dcss:i cated t o 

de ssic, ted cater,ories incrco.sed from Posi ti o~ I to Posi ti.on II to Position 

IJJ • 

To test the assumption that the pcrcenta&:e of dessicated plants 

in oicated larv /:\ 1 concentr r>.tion , and i 11 an at t empt to correlate plant damace 

with white frin f,ed weevi J l arval popubtion nurr:hers the data presented in 

Table JJI. 10. H2.s collected. This con fir. ed the validj t? of the visual 

distinction made: between the tuo levels of infes t ation on tho basis of pl,mt 

da1r.nge . HichJy infested h2.d a mean 1arval density of 40 l,wvae/m 2• There 

were a1so sienificant differ ences in the interactions "between infest at 5on , 

plant spacine and posi ti.on. The densi t;r of larvae in the 2.02cm. spacing 

Wairau plot s i n Position JIJ a t the high level of i nfestation \·1as hi cher t han 

in a l l other combinations. 

Although l a rval density jncreased from Position I to Po s ition JI to 

Po sition III, there are no sign ifi cant differences in larva l density beh1een 

positions. This could be due t o large variations in larva l density between 

r eplicates. FoHever these differences do not co mplet ely a ccount for the 

differences in the degree of damace to lucerne plants between position as 

sho,-m by e arli er results. (Table III . 5.). Jt was suspected tha t an interact i on 

between root damage attributab le to l arval activity and soi 1 mo i sture tension 

mi ght account fo r t hese posi ti.on differences . This hypothesis was tested in 

a glassho u se experiment and will be discussed lat er. 

In view of the apparent differences in plant damage between positions 

(see P l ates 9 ahd 10), signifi cant differences in lucerne dry matter produc­

tion were also expected. These expect ed differences did not occur and this 

could be partly accounted fo r by the following factors. Firstly the lucerne 

dry matter production results included dessicated plant material (see 

Appendix 12.), the proportion of which increase from Position I to Position 
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III. Second]y there were large variations in lucerne growth between repli­

cat e s in Position III. Lucerne plants in Repli cate 3 (nearest trees) 

appeared to be relatively unaffected by white frin eed weevil larvae (see 

Plate IX) and this tended to mask differences between positions. It is 

unlike ly , however, that these two factors either aJ.one or in combination 

fully account fo:r. the l ack of difference. 
-. 

At the third production cut, a further reduction in the growth of all 

co mponents of the sward uas observed. It is suggested that this was due to 

continuing hi eh soi 1 moisture tensions and the effect of white frin t;ed weevj 1 

larvae on lucerne plants. There is significantly hieher (P<0.01) luccrne dry 

matter production at ?.02cmv pla..YJ.t spacj nc than a t 9.16cm. or 15. 22cm. 

spacine s but no sienificant differences in tota.l , lucerne or ,•Jeed dry matter 

production between other treatments and positions. 

Total dry matter production from the three production cuts wc1.s very 

low. This was due to several factors. From December, 1973 to April, 1974 , 

monthly rainfall was substantially lower than previously recorded mean 

monthly rainfall for these months resulting in high soi l moisture tensions 

in the experimental site. This limited the growth of both weed species and 

lucerne which at this st aee had not been established long enough to exp:=md 

its root system into the lower soil horizons where ndequate moisture wns 

available. 

College Glutinosa plots had a significantly higher (P<0. 05 ) total dry 

matter production over the three preduction cuts than Wairau plots. There 

were no significant differences in lucerne dry matter production between 

varieties and the above difference was due to the significantly hicher (P<0.05) 

weed dry matter product ion in College Glutinosa plots than in Hairau plots. 

There were no s ignificant differences between positions for weed dry 

matter production over the three production cuts although an increase from 

Posit i on I to Position II to Position III wa s apparent. Again there were no 

si gni ficant differences in weed dry matter production between plant spacines 

over the thre e production cuts although weed dry matter production increased 

from 2.02cm. to 9.16cm. to 15.22cm. plant spacing. The lack of significance 

in differences in weed dry matter production between positions and spacings 

can be partly attributed to the large variations in weed growth between 

replicates. (see Appendix 11). 

Lucerne dry matter production from the three production cuts is 

significantly higher (P<0.01) at 2.02cm. plant spacing than at 9.16cm. or 

15. 22cm. which would be expected from the results of the three separate 

production cuts. This increase in lucerne yield in the first year of produc­

tion at higher plant densities compared with lower plant densities has also 
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been found by Jarvis (1962), Takasaki et al (1970), Rumbaugh (1 963) and 

Palmer ( 1971). There ,-1ere no sienificant differences in lucerne dry matter 

production between varieties for the thrE:e productfon cuts. Lucerne dry 

matter production from the three production cuts a.id not differ si{;nificant 1,y 

between the three positions. During the grovrt h period up to the first pro­

duction cut, weed competition and adequate soil moisture resulted in smalJ.cr 

plants with less root development in Positions I anrl II compared with Posit .ion 

III. Thus Hhen weed competition dimini s hed and soil moisture tensions incr ea ­

sed after the first production cut, lucerne dry matter pro duction in Position 

III sti 11 remained superior to that in Positions I c1nd II up to the second 

production cut despite the large reductions in 1ucerne plant numbers due to 

white fringed Hecvi 1 larva1 damage . At the third cut, lucerne dry matt er 

production was similc r in all posjtions . 
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(B) GLASSHO USE EXPBRI MENT. 

The main obj ective of this experimen t was t o at tempt to explain the 

difference s in ,-,hite fri need weevil damar,e to lucerne plan ts in different 

positions in the experirnentaJ site which h'ere obvious bot h to . the e,Ye and as 

measured as perccntnge of dessicated plnnts in Table IIIo5 • 

The survey carried out on 14. 3.74 at r andom sites Nithin the experiment 

si t o ( Append i x 13) showed there was a patcJ,,,y di stribution of larvae within 

the site . Althoui::;h more l arvae were found in Position JIJ than the o the r two 

positions, the difference in larval numbers beh,een positions did not reflect 

the large difference s in the deeree of damage b e tween po sitions . This patchy 

dist ribution of larvae within a f ield has a l so been r eported by ~fri 0ht ( 196 1) 

and To dd ( 1964 ). 

Alt hour,h r esearch has been conducted on the effects of r,rass grub 

(Costclytra zea1andica Whi te ) and soil mo isture on the 0rowth of pasture 

species (Radcliffe , 1971; Hichtman , 1973 ) ther e is a scarcity of literature 

relatinr, to the effects of t'1hi te frin eed 1-:cevil larvae and soil mo i sture on 

the erouth of cro p or pasture plant s. 

Tables I II.13 and IJI .14 show thnt there a r e no sien i fi cant differences 

in percentage su:rvivnl of l arvae between treatments. This wo uld suegest tl1at 

the mo r ta lity of l arvae is due to some factor co mmon over all t he treatments 

such as the handlin c involved in collecting , weighing and pla cing in the 

respective plot so The meaJl l arvae survival over all the plots was 66cfc- . How­

ever t here was no means of determining exactly when durine the experiment n l 

period individual hrvae died. '11 he body of only on e de a d larvae i·Jas found in 

the soi 1 of any of the plots a t the end of the experiment which would suggest 

that the rnajori ty of the l a rvae died soon aft er introduction into the plots 

but this assumption would depend on the time taken for the dead larvae to 

decompose in the soil. 

Table III. 15 shows that the percent a ge total weight gain of larvae 

decreased as the initial larva l population increased at both soil moisture 

levels with larvae in the wet soil moisture treatments having a larger per­

cent age total weiBht gain than the larvae in dry soil moisture treatments. 

This decrease in percentage total weight gain with increasing initial larval 

population may have been due to the fact that the proportion of larvae of 

higher initial individual weight range increased with increasing larval 

population. The growth rate of these larvae could be expected to decrease as 

they approached the pre-pupal stage when it is reported they cease feeding 

(Gross et al, 1972). Another possible explanation for these results is a 

competition effect between larvae for . a source of food from the root systems 
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of the fixed number of plants in each treatment . Hoivever , this explanation 

seems unlikely as there were at least four lucerne plants surviving in each 

plot at the end of the experiment. The difference in percentage to tal weight 

gain of larvae between the t wo so il moisture levels may indicate tha t soil 

moisture is necessar:r for some aspect of larval growth. 

The lucerne pJant measurements for the parallel stucl,y in the absen ce 

of larvae do not correspond to e quivalent measurements in the treatment plots 

both in terms of soil moisture and ini tia.l l c1. rval popuJation due to lack of 

replicat i on. Thus the growth in the presence of different larval populations 

at either of the tNo soi 1 moisture levels. Ho1,,1ever , it can be assumed that 

plants with no larvae present wi 11 have a 100% survival rate if all other 

erowth conditions are f avourable. 

From Table JIJ .17 1 it can be seen that lucerne plant mortality is 

significantly higher (P<0.01) at 101 soil mo isture content than at 20;' soil 

moisture content. This difference in plant mortality could be due either to 

the direct effect of soi 1 moisture on the feeding activity of the larvae and/ 

or t he indirect effect of soi 1 mo isture on the groi1th of the lucerne plant 

so as to enable it to survive despite its root system being damap,ed . 

Althoue h it is reported tha t flooding the soil moy ki 11 young Jarvae 

(Anon;ymous , 1956 ) there i s no ot her available experiment a l evidence t o show 

the direct effect of soil moisture on the larvae. Eowever it is unlikely 

that a soi 1 mo i ture content of 2cy of the dry weight would be extreme enoueh 

to have a deleterrous effect on the larvae . 

Considering previous experimental work (Gro ss et al , 1972 ; Berry , 1947 ) 

and observations and root weight re s ults from this experiment it would appear 

that the moisture effect on t he lucerne plants is the more plausible explan­

ation. Gross~ al (1 97 2) report that soya bean seedlings had minimum vigour 

under dry conditions and thus were more vigorously and thus help to offset 

the injuries to the plant roots even though the treatment does not k ill the 

larvae. 

In this glasshouse experiment, several plants in the wet soil moisture 

treatments which had their main root severed some distance below the crown 

still survived with no wilting of the leaves. This was apparently due to 

several fibrous roots emanating f:rom the main root just above where it had 

been severed as show in Plate 11 • Pre sumably, in a situation where soi 1 

moisture was not limiting, these roots enabled the plant to withdraw suffi­

cient moisture from the soil to continue normal growth. In contrast, other 

plants from the wet soil mo±sture treatments which had large portions of the 

root tissue destroyed at one particular spot some distance below the crown 

as shown in Plate 12 , had very few fibrous roots present above the damaged 
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portion and the plants \-'ere severely wilted . Although roots are still present 

below t he damaeed portion, it is doubtful whether enoueh x.v lem still remains 

f unctional in the tissue linking t he t v.ro parts of the main r oo t to enable 

water to be transported throw; h to the tops. 

Althou{'h plant mort a lity increased as t he initial l arva l popula tion 

p er p lo t increased in both the combj ned soi l moisture t reatments and wi thin 

t he dry so il moisture trea t ment , the me;;u1s of each treatmen t were not sjgni ­

ficantl,y different (P<0 . 0 1 or r <o . 05). 'l'his was probably due to the increase 

in the proportion of l arva e of higher initial i ndividual weight r ange with 

increase in l arvc1.l population. Gro ss ct al ( 1972) reported that J.arger l arvae 

in the prepupal staee ceased feedin e while Steven ( pers. comm.) observed tha t 

the fee dine activity of the l arvae declines as they near the pupal staee . 

Table JII.1 8 , shows that the me an root dry weir,ht of survivine plants 

i s sienifi cantly hi t;her (P<0.0 1) for the 1 larva per plot / dry soil rro ist ure 

l evel inter -action t han the 2 or 4 l arvae per plot/dry soil moisture inter­

actions. This i mp lies that the amount of plant r oot consumed by the l arvae 

incrcnscs wit h l arval population at the dry soil moisture lcveJ. \•Ii th a con ­

sequent r eduction :in root 1-wie;ht . Gro ss et al ( 1972) report th .1. t cxtensjve 

pruning of t he fibrous root system of rye plo.nts i n p l ots jnfected 1-1i th white 

frjnged weevil l a rvae was evident . 'P. he me ar. root dr,:,r ,-,eifht of r:urvivfr1g 

plnnts i n the dr,y r,:o il 1;-io i stu'!'e leve1/1 l arva per plot treatment in ter actjon 

i s also s i gnificantly higher ( P<0.01) than the wet so il moi sture J. eve l/1 

l arva p er plo t t r eatr:ient interaction. This would i ndi cate that at low l arval 

populations, luccrne plants wi 11 have a more extensive root sy stem in re sponse 

to a J.o wer soil mo i s ture content. We aver ( 1926 ) fo und that in a dryland soil 

where water was very scarce i n the first 30cm. three month old luccrne plants 

had a shallower , more profusely branched root sy stem tha n lucern e plants 

grown in irrir,nted soil • 

.Although the mean top dry wei ght of surviving plants decreases with 

increasing initi a l larval population with the dry soil moisture treatment 

and is higher jn the wet than in the dry soil moisture treatment, there are 

no significant differences (P<0.01 or P<0.05) between treatment or treatment 

interaction means. These trends would be expected since the higr.er soil 

moisture content would result in greater top gro1-1th. The decreasing root 

weight as the larval population within the dry soil moisture treatment 

increases as shown in Table III.19, would also result in reduced top growth. 

Peters and Runkles ( 1972) report that overall plant growth diminished with 

increasing water stress, but root growth is less influenced than is top 

growth. 

Table III.20 shows that the mean top /root ratio of surviving plants 
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in the wet soil moisture treatment is significantly higher (F<0.01) than in 

the dry soil moisture treatment. Generally the top /root ratio decreases 

with decreasing soi l moisture content as sho1m by Harris (1 914) for corn, 

wheat and peas . 

Although the mean li fe span of p 1ants decreased with increasing 

initial larvo.1 populat ion and was hi t;her for the wet so il moisture treatments 

th an the drj' soil moisture treatments no sj.enificant differenc es (P<0.01 or 

P(0.05) between rr.cru18 were evidnet as sl:own in Tab J.e IJI. 13. Fo1·:ever the 

above trends sup,r;est that either increasing soi 1 rroisture reduced the feedin g 

activity o f the larvae so that their r ate of severjng main root s of plants 

is reduced or the pJants in the wet soil moisture t reatment, altbough damaced 

ear)y in the exp eriment survived lon ger heca,use of the compensatory effect 

of non-J.imi tinr, soil moisture. 

The interpretation of the root residue r esults is difficult be cause 

the source of the root material could be fine roots shed b,v the plant due 

to so il mo isture stress , r oots pruned by the l arvae from still living plants 

or roots fro m dead plants. The mean root residue dry weight is signifi cen t 1,y 

higher (P<O. 01) in the dry so iJ. moisture treatment than in the wet so i 1 

moisture treatment. Weaver ( 1926 ) · states that :in dry soil conditions, both 

root hairs and youne rootl e ts die . 

The 1 l arvn per plot a~d 2 l a rvae per plot treatments hav e si gnificantly 

higher (P<0.05) rnean root residue dry weights than the 4 larvae per plot 

treat ment. This sur~p,ests that the greater number o f l arvae pre sent in the 

latter trea tment are actually consuming a greater proportion of the root 

material present e The mean root residue dry weieht for the 1 larva per plot/ 

dry soil moisture trea tment is significantly higher tha.n the mean root 

residue dry wei ghts for all three initial larval population/wet soi 1 moisture 

treatments which is compatible with the other root residue results. 
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(C) G:ERERAL DISCUSSION AND PRACTICAL HTLICATIONS. 

This study has highlighted some of the problems associated with the 

establishment of 1 ucerne in the :rtanawatu sand country. 

Although Wairau had a significant)y higher percentage establishment 

than Col 1ege Gl utinosa , 110 days after sowine the difference was not apparent 

at the end of the experiment . It is suggested that the early difference was 

due to a ereater susceptibility of Co1leee GJ utfoosa to dampine-off by 

fun gous species. It is probable that the damafe associated with white fringed 

weevil larvae which was greater where pla.vits were rrore closely spaced, was 

respon sible for the similarity in plant surviva.l at the end of the first year. 

'J'he percentar1 e establishment 110 days after sowing was significantly 

higher at the wid er spacfoes. Jt is sugeested that this was due to seedling 

morta lity caused by damping-off being greater at these closer spacinr,s. 

However, in spite of this , the greater number of lucerne plants per unit area 

at the closer spacin r, resulted in a significantly hir,her lucerne dry matter ' 

production in the first year after sowing. 

Lucerne sown at wider spacinr,s had a higher nodule dry weight per 

plant than that sown a.t closer spacings . Since these differences were not 

reflected in luceme dry matter production it must be assumed that either 

the nodules on pla11.ts at wider spacings were less efficient or as seems more 

likely, nitrogen was not the factor limiting dry matter production at this 

stage. 

It was foun d that soil moisture tension in Position I was initially 

lower than in Position II than in Position III. Subsequently, low rainfall 

resulted in high soil moist ure tension in all positions. Thus the ob s erved 

differences in soil moisture tension between positions were not as great as 

had been expected due almost certainly to the atypically low rainfall 

experienced during the course of the experiment. As a result of this, no large 

differences between positions in lucerne dry matter production was fotmd and 

total luceme production was extremely low. 

This low production can not be entirely attributed to the low soil 

moisture status. 

Results from the glasshouse experiment showed the existence of an 

interaction between larval population and soil moisture status in determining 

plant mortality. Thus it appears that the lower moisture status of the soil 

in ·Position III during December and the greater number of larvae present in 

this position together resulted in the differences in the degree of damage 

to plants between the positions. Although dessication of plants was not 

observed until early January it can be assumed that the larvae were active 
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before this period. Presumably if regular rainfall had fallen over the 

summer months or irritsation had been used the larval dama,<:! e to 1 ucerne plants 

could have been reduced a s suggested by the results of the glasshouse experi­

ment. 

From the evidence of the field experiments, it seems that it is. 

impractical to attempt to establish lucerne on well drained sand co untry 

soils with large numbe r s of white frin ge d weevil larvae pres ent in c'-'1 unirri­

gated situa tion Qntil n ew methods of larva l con trol are found. On th e poorer 

drained soi1s 1 suff ici ent 1 ucerne plc:mts ma._y survive in a s e ason of no r mal 

rainfall to p, ive a productive lucerne st and in susequent years. F.stab li s hed 

lucerne stc>J1ds in this area showed no evidence of larval damaee and it appear s 

that the increa se in diamet e r and development of secondary thickenin e of the 

ma in roo t of the plant wi th time is responsible for this. Ho wev er, even jn 

a situation where conditions are conducive to plant survival durin p, establish­

ment, lucerne product i on is likely to be reduc ed where larvae are present 

compared with production in an 'lminfcsted stand. 
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APPH}JDIX 2: Location of measur ement sites . 
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+ wat er table depth measurement sites. 
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APPD.rnIX 3; Weekly water table depths. 

Date Distance below so il surface (cm. ) 

1973 Site: ( 1) ( 2) ( 3) ( 4) ( 5) 

25.5 135 142 171 250 243 

30. 5 132 144 172 252 ?42 

7. 6 11 6 130 163 241 236 

12.6 101 11 5 144 226 221 

19. 6 107 124 136 221 215 

26. 6 120 115 140 225 20 1 

3.7 101 118 135 221 216 

10.7 94 109 133 216 ?15 

17. 7 104 117 132 216 . 211 

24.7 95 109 133 21 9 215 

31.7 98 106 131 216 212 

7.8 96 111 132 217 213 

1,1 . 8 90 105 130 216 211 

21 . 8 89 107 128 21,1 ?09 

28.8 97 11 0 126 210 204 

3.9 104 11 6 . 130 216 211 

10. 9 96 113 129 216 21 1 

18. 9 29 53 97 195 171 

24.9 43 54 75 159 156 

1 • 10 72 84 94 177 171 
8.10 87 101 109 19Ll 181 

15.10 95 109 119 204 200 

22.10 105 120 132 211 210 

29.10 101 116 131 216 212 

5.11 113 127 139 225 220 

12.11 115 131 144 230 226 

19.11 100 119 151 230 226 

26.11 122 135 150 234 231 

3.12 130 143 156 241 237 

10.12 138 150 162 247 244 

17. 12 144 158 170 255 251 

23. 12 146 157 173 257 254 

31 • 12 146 164 180 264 260 

1974 

7.1 151 163 181 267 263 

14.1 155 173 190 274 269 



APPF.l!DIX 3~ Cont. 

Date Distance beloi'l soi 1 surface (cm.) 

1974 Site: (1) ( 2) ( 3) (4) 

21. 1 160 178 204 278 

28.1 165 184 206 279 

4.2 168 189 207 286 

12. 2 175 196 ?12 292 

18.2 176 197 212 292 

25 .2 177 197 212 292 

31.2 178 198 217 294 

7-3 179 199 223 295 

15-3 186 206 227 296 

21-3 188 208 232 298 

28-3 193 214 234 301 

4.4 195 216 236 304 

APPBNDIX LJ; Soil moisture tension (atmosphere) at 90crr.. soil depth . 
(September, 1973 to February , 197~) 

Position I JI III 

Mean 0.05 0.09 0.54 

Range 0.05-0.05 0.05-0.30 o. 05-1. 60 
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(5) 
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298 
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Moisture content as a percentage 
of dry soil weight. 

APPENDIX 5 SOIL MOISTURE TENSION/MOISTURE CONTENT CURVE FOR PUKEPUKE BLACK SAND 
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APPF.NDI X 7~: Soi l o rgani c matter a t 10cm. ( upper) .md 30cm. (lo wer) dept h. 
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.APPF.!JDIX 8: Manufacture of the gypsum blocks. 

The procedure outlined below is that used for the manufacture of 

F.F'.F. Blocks descr·ibed by Ait chi son et al (1 95 1) with various modificr1tion s . 

(i) Preparation of wires. 

The desired lencth of plastic insulated t,-,in-care flex (21 4/ 0.0076 

Olympi c) according to the depth of placement of the particular b l ock was 

cut and the 1-1ircs separated for about 10cm. at one end. The insulation Has 

carefully stripped for 6cm. and the ,,rires evenly tinned by immersing in 

molten 50/50 tin-le~d. solder. The bared portion of the wires was straightened 

and cut to 5. 2cm. as accurately as possible . This procedure was repeat ed a t 

the other end of the lene th of flex 1vi th 2. 5cm. being stripped and tinned 

to facilitate soldering on to the socket board connection. 

(ii) Mould. 

The moulds used consisted of 8cm. lengths of 2cm. inner diameter 

plasti c pipe sawn doi,m the centre to e ive t wo even halves. These were joined 

to r,ether by two rubber bands and stoppered a t one end by a rubber cork also 

split in two with holes made to accomodate the flex. The bared ends of the 

wires were threaded thro ugh the cork and held in position 1cm. apart by a 

length of 3mm capi lliary tubing at the end of the bar ed portion. The moulds 

were then inverted to pouring the plaster. 

( iii) Pouring of plaster. 

160e. of F.F. F. denta l plaster was added to 120ml of distilled water 

in a rubb er mixing bowl. This was mixed thoro ugh ly and poured before the 

plaster could set • . The mo uld was filled and after the plaster had set the 

rubber bands were removed and the t wo halves of the mould seperated to give 

a cylindrical block 7cm. in length and 2cm. in diameter. The blocks were 

manufactured in batches of ten. 
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APPSNDIX 9: Percentage establishment of lucerne plants at four counts. 

Replicate 1. 

Position Treatment Percent ace live plants as percentci.ge seed sown 

Variety Spacing 
(cm.) 31.5.73 3.7.73 16.R.73 23.4.74 

I Co lleee 2.02 35 31 27 1 
Glutino sa 9.16 34 32 32 8 

15.22 61 60 58 17 

Wairau 2.02 47 37 . 35 2 
9.16 45 33 30 12 

15.22 58 50 36 6 

JI Coller;e 2.02 33 27 24 1 
Glutinosa 9.16 30 23 18 4 

15.22 53 47 44 12 

Hairau 2.02 50 40 34 8 
9.16 37 33 32 5 

15.22 61 54 49 10 

III Colleee 2.02 26 25 21 0 
Glutinosa 9.16 30 30 27 0 

15.22 25 25 25 5.5 

Wairau 2.02 40 36 28 1 
9.16 33 33 30 1. 7 

15. 22 66 66 66 5. 5 

Replicate 2. 

I College 2. 02 34 32 27 11 
Glutinosa 9. 16 36 30 23 20 

15. 22 50 49 47 19 

Wai rau 2.02 56 41 35 10 
9.16 40 40 38 18 

15.22 55 54 53 17 

II Co llege 2. 02 27 26 24 2 
Glutinosa 9.16 33 30 24 1 

15. 22 '43 43 41 13 

Wairau 2.02 44 40 37 3 
9.16 32 27 27 10 

15.22 47 42 39 17 

III College 2.02 36 34 29 0 
Glut ino s a 9.16 30 30 28 0 

15. 22 33 33 31 3 

Wairau 2.02 40 37 34 0 
.9. 16 34 33 33 0 
15. 22 66 66 61 6 
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APP}<}!DJX 9, Cont. 

Replicate 3. 

Position Treatment Percentaee live plants o.s percentc.gc need s01-m 

Variety Spacing 

(cm. ) 31.5.73 3.7.73 16.8.73 23. 4.74 

I Co lleee 2.02 37 30 28 14 
Glutinosa 9.16 40 32 30 8 

15.22 47 47 39 22 

Wairau 2.02 47 43 37 14 
9.16 55 40 35 30 

15. 22 69 50 47 43 

II Co llei:;e 2.02 27 22 19 5 
Glutinosa 9.16 33 28 28 13 

15.22 40 33 31 14 

Wairau 2.02 42 38 32 9 
9.16 37 36 33 15 

15.22 47 /) 2 40 10 

III College 2.02 23 23 22 5 
Glutinosa 9. 16 22 22 22 13 

15.22 42 39 39 11 

1fairau 2.02 44 43 37 8 
9.16 55 55 52 7 

15.22 60 56 56 29 
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APP:st-TDIX 10: Plant component and nodulation measurements for a total of 
five pla.~ts per plot. 

Replicate 1. 

Position Treatment Measuremen t 

Variety Spacing nodule Nodule dry Top dry Root dry 

( cm.) number weight (mg.) weight ( g.) wei1:;ht ( e .) 

I College 2.02 6 30 2.88 1.19 
Glutinosa 9 .. 16 20 40 1. 92 1.1 5 

1 5. 22 11 ,10 <'J.75 0.96 

Wairau 2.02 9 60 2.55 1. 54 
9.16 9 10 4.10 1.83 

15.22 8 30 2. 81 1 ~ 75 

II College 2.02 15 35 2.48 1. 26 
Glutinosa 9. 16 12 30 2.37 1.18 

15. 22 10 65 2.66 0.15 

Wairau 2.02 15 80 2.99 1.66 
9.16 16 30 2. 73 1.50 

15.22 10 105 3.05 1. 72 

III Colleee 2.02 7 70 2.40 1.77 
Glutino sa 9.16 10 70 2.61 1.6 3 

15. 22 12 140 2.00 1. 69 

1fairau 2.02 11 80 3-38 3.03 
9.16 20 140 3. 22 2.70 

15. 22 11 70 1.70 1.48 

Replicate 2. 

I College 2.02 17 10 2.93 1. 21 
Glutinosa 9.16 12 80 3.23 1.63 

15.22 15 90 4.25 1 .49 

Wairau 2.02 11 10 2.07 1.02 
9.16 13 60 2.78 1 .44 

15.22 6 40 2.85 1.61 

II College 2.02 17 45 2.91 1. 36 
Glutinosa 9.16 13 50 2.58 1. 35 

15.22 10 95 3.23 1. 39 

Wairau 2.02 16 55 2.61 1. 53 
9.16 11 80 5.73 1.69 

15. 22 14 50 2.57 2.90 

. III College 2.02 13 60 2.70 1.88 
Glutinosa 9.16 20 130 3.58 .2.54 

15.22 13 90 2.57 2.02 

Wairau 2.02 19 80 2.66 2.38 
9. 16 11 70 2.64 1.82 

15.22 5 50 2.61 2.41 
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APP!!!'JDIX 10: Cont. 

Replicate 3. 

Position Treatment Measurement 

Variety Spacing Nodule Nodule dry Top dry Root dry 

(cm.,) number wej13ht (me. ) weight ( g.) wei r.ht ( g.) 

I Colleee 2.02 8 20 1.71 0. 92 
Glutinosa 9.16 12 30 1.76 0. 82 

15. 22 6 40 1.82 o. 86 

Wairau 2.02 11 20 2.58 1.04 
9.16 15 60 2.18 1.15 

15. ?2 7 40 1.79 1. 04 

II College 2.02 8 30 2. 49 o. 98 
Glutinosa 9.16 13 11 0 2.72 1.1 3 

15. 22 10 95 3.07 1.13 

Hairau 2.02 17 45 2. 66 1. 39 
9.16 14 70 3. 01 1.64 

15.22 13 55 3.00 1.09 

III Co llef,e 2.02 18 11 0 3.65 2.75 
Glutinosa 9. 16 25 130 ~-93 2.~ 3 

15. 22 11 190 5.88 1. 77 

1foirau 2.02 17 40 2.40 1. 32 
9.16 14 90 2. 52 1. 99 

15. 22 19 120 3. 55 2.10 



APPENDIX 11: Total dry matter production (TDM ) and lucerne dry matter 
production (LDM) (kg/ ha) at t he thr ee production cuts . 

Repli cate 1. 

Position Treatment 5. 12.73 21. 2. 74 9. 4. 74 

Variety Spacing ( cm. ) TD}~ LDM TDM Lrnr. TDM LDM 

I Co Hege 2.02 1237 232 207 49 223 60 
Glutinosa 9.16 389 9 255 3 149 27 

15.22 2287 160 197 71 148 60 

Wairau 2.02 738 148 147 109 182 81 
9.1 6 280 44 186 24 197 35 

15. 22 453 5 172 33 314 53 

II College 2. 02 808 132 291 170 85 58 
Glutinosa 9.16 1931 11 9 257 72 100 37 

15. 22 408 24 257 392 11 2 35 

Wairau 2. 02 787 401 334 331 212 87 
9.16 724 145 241 86 166 54 

15.22 51 8 30 250 90 111 30 

III Co ll eGe 2.02 730 197 328 269 2,40 104 
Glutinosa 9. 16 373 63 313 158 177 96 

15. 22 1056 60 354 264 247 69 

Wairau 2. 02 495 188 397 311 303 109 
9. 16 392 118 185 49 218 37 

15. 22 810 15 341 224 360 115 

Rep licat e 2. 

I College 2.02 705 133 271 149 138 80 
Glut inosa 9.16 81 6 67 199 85 123 25 

15.22 521 138 331 243 223 163 

Wairau 2.02 705 133 271 149 138 14 1 
9.16 560 26 286 146 203 116 

15.22 673 15 294 101 149 89 

II College 2.02 322 89 321 234 146 120 
Glutinosa 9.16 557 216 188 77 175 93 

15.22 218 30 573 321 297 160 

Wairau 2.02 580 270 339 262 175 148 
9.16 493 53 330 169 167 94 

15.22 465 26 204 121 130 40 

III College 2.02 230 104 226 216 117 54 
Glutinosa 9.16 359 91 214 14 227 14 

15. 22 947 540 367 189 112 58 

Wairau 2.02 485 177 226 217 182 66 
9.16 280 50 279 192 79 21 

15.22 511 82 119 73 174 24 

120 
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APPENDIX 11 : Cont. 

Replicate 3. 

Posit ion 1'reatment 5.12. 73 21.2.7,1. 9.4.74 
Variety Spacing (cm.) TDM" LDM 'l'DM LDM TDM 

I College 2.02 1807 423 321 172 279 
Glutino sa 9.16 1051 214 276 128 177 

15.22 2277 141 215 114 169 

Wairau 2.02 1088 21 9 284 238 221 
9.16 362 112 295 217 224 

15.22 752 67 276 175 174 

II College 2.02 709 168 598 315 252 
Glutino sa 9.16 776 239 572 291 400 

15.22 453 24 255 117 216 

Haira u 2.02 953 4 33 692 '1-53 306 
9.16 462 68 747 339 350 

15.22 910 42 467 130 328 

III College 2.02 1104 552 355 293 274 
Glutinosa 9.16 528 186 316 159 272 

15. 22 541 166 164 96 241 

'\fairau 2.02 1005 510 422 410 450 
9.16 489 ?.62 249 139 164 

15.22 499 132 448 376 261 

APPN'JDIX 12: Percentage of de s sicated lucerne in the lucerne component 
at second production cut. (21.2.74) 

Position Mean percentage of dessicated lucerne 

I 12.13 
II 19.54 
III 29.66 

LDM 

179 
126 
78 

217 
152 
103 

197 
259 
137 

228 
169 
165 

I 

255 
212 
171 

450 
121 
217 



Weed Species Po.si tion 

Trifolium 
subterraneum L. 

Lot us 
s ubbi florus Lag 

Leon to don 
taraxacoides Vall. 

Juncus bufonius L. 

Lolium perenne L. 

Hordeum ·murinum L. 

Bromus catharticus L. 

Stellaria media L. 

Erodium cicutatium L. 

. I 
II 
III 
. I 
II 
III 

I 
II 
III 

~ acetosa L. 

~rifolium fragiferum L. 

Trifolium repens L. 

Portulaca oleracea L. 

Lupin us arbo reus L. 

M J J A s 
Dense growth 
Uneven di stribution 
"Effectively nil 

0 N 
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D J F 
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" " II II II 
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Isolated clumps over whol e site 
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Position III (Rep. 1) 
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sj t 0. 
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site 
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inf Pst;:itirn 
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APPfl~DIX 14: Distribution of white fring ed weevil larv~e at 14.3.7~. 

POSITION 

xO 
xO 

xO 

xo xo 
x2 

I xo 

xQ x2 x2 

------ ----- -------- ------ ----- -- --- --- ----- ------ --
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' 

xO 
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~ II 
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)t 1 

X l xo X] 
xo xo 

xl 

---------------------------------------------------x 1 

)( 1 
xO xl 

xo 
x2 xQ 

m 
xo x2 

)( 1 

xl 
··x 1 



124 

APPFNDIX 15: Gl asshouse experimen t l ayo ut. 

I I 
I 

I I I 

I 

1A 
I 

1B 1A 1B I 3A 3B 3A 38 5A 58 5A 5B 
I 
I 
I 
I 
J 
I 

1A I 1B 1A 1B I 3A 3B 3A 3B 5A 5B 5A 5B 
I 
I 
I 
I 

I I I 

I 
I 

1A I 1B 1A 18 I 3A 3B 3A 3B 5A 58 5A 5B 
I -
I 
I I 

I 
I I 

I 

2A 2B 2A 
I 
, 2B 4A 48 4A 4B 6A 6B 6A 6B 
I 
I 
I 

I 

I 
I 
I 

2A 2.8 2A I 28 
I 
I 
I 

I . 

I 
I 
I 

4A I 48 4A 4B 
I 
I 
I 
I I 

I 
I 

6A 68 6A 
I 
, 6B 
I 
I 
I 

I I 
I I 
I 

: 2B 2A I 28 2A 
I I 
I I 
I I 
I . 

I I 
I I 
I I 

4A , 4B 4A -• 48 
I I 
I I 
I I . 

I 

I I 
I 

6A : 6B 6A : 6 B 
I I 

I 
I 
I 

WET DRY WET DRY WET DRY 

Blocks: 1- 6 
Replicates within blocks: A B , 
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