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ABSTRACT 

The present study on lucerne cv. " 'JJai rau" was carried 

out in two separate trials, - a herbage and seed production 

trial and a seed development trial. The purpose of the first 

part was to investieate the effect of cutting and spacing on 

herbage production and subsequently on seed yield. In the 

second part, changes in seed weight, moisture content, and 

viability during various stages of seed development were stud ied. 

Results from the herbage study suggested that fresh and 

dry herbage yield were both affected more by plant spacing than 

by the height of cutting a nd the stage of plant development a t 

the time of cutting. Close plant spacings resulted in higher 

yiel d& of both dry matter per unit area and dry matter 

percentage than wide spa cings. The study showed th a t lucerne 

plants in first year crops should be grown at a plant density 

higher than 4u plants per sq. metre and up to 100 plct nts per sq. 

metre to reach maximal herbage yield per unit area. iarly cutting 

and high cut ti ng gave a significantly lo wer herbage yield than 

when plants were cut late and cu t at a low stubble height. 

Cutting and spacing tre a tments had a profound influence 

on seed yield per unit area. Seed production in lucerne, unlike 

herbage production, depended mainly on seed yield per plant rather 

than on the number of plants per unit area. Both cutt ing and 

spacing treatments affected seed yield per plant by altering the 

number of reproductive shoots, number of flowers per plant and 

the percentage of seed set. Plants grown at wide spacings 

produced more branches and flowers per plant and also exhibited 

a higher percentage seed set, thereby producing high numbers of 

seeds per plant. To obtain high seed yield in this variety of 

lucerne, plants should be grown at a plant density of approximately 
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11-25 plants per sq. metre. Cutting lucerne plants prior to 

allowing them to seed resulted in a weakening of the plants, 

severely depressed repro ductive potential, delayed flowering 

time and subsequently affected flower prod uction and percentage 

seed set. Lucerne plants should therefore not be cut at all in 

the year of plant establishment if high seed yields ar e e xpected . 

Seed development followed three distinct phases . The 

growth stage involved the period up to 22 days after pollination . 

At the end of the stage, 3% of seeds were germinable. The food 

reserve accumulation stage occupied the period from 23 -40 days 

after pollination. Maximum seed dry weight was attained after 

40 days at a seed moisture content of 58~. The ripening stage 

occupied the period from 41-75 days after pollination . At the 

end of this stage seed moisture content was approximately 14/4 

and subsequently 6t of hard seed were found when seeds were 

tested immediately after harvest. Storage results i n this trial 

indicated that immature seed tended to lose germination capacity 

more r a pidly than mature seed . To ens ure high seed quality in 

lucerne it was essential that seed be harvested after maturity. 
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1. INTRODUCTION 

Lucerne (Medicago sativa L.) is an important forage crop 

in many f arming systems. As suggested by ~llison (1958) lucerne 

has a number of general merits in agriculture such as building 

and restoring soil fertility and as a high quality ma terial for 

animal feeding. Other satisfactory aspects of lucerne, incl ud e 

its capability of producing higher (20-100i) dry matter yield 

than other pasture crops particularly under drought conditions; 

providing high quality hay at a critical time of the year 

(Janson 1974) and also richness of protein which is well 

r e cognized (Woodman et al 1933). Thi s species is also known 

to out l as t pasture and is eco nomical i rrespective of sowing 

costs (Janson 1974). It has also been re por ted by a numbe r of 

workers (Keoghan 1967, Langer 1972) that good re cover y after 

being cut or graz ed is one of the outstanding characteristics 

of lucerne. ,111 these characteristics render its itable to fit 

well into th<! c omplete agricul.tur3.1 system where cutting o!' 

grazing is i~volved. On e of the main problems facing lucerre 

growers is the continual supply of sufficient hi gh quality seed 

for sowing . Seed production in this crop h~s always been thought 

of as relatively low and unreliable, varying from place to place 

and fr o m season to season. Doull (1967) stated that while in 

many countries lucerne seed production yields in the range from 

112-168 kg/ha. are common, exceptions occur in some areas with 

seed yields being as high as 2~22 kg/ha. A great variation in 

lucerne seed yield may occur in different years as reported by 

Zaleski (1963). He quo ted an example in Great Britain where 

seed yield of lucerne grown on the same site was recorded at 

101 kg/ha. in one year, whereas it was 482 kg/ha. in the 

following year. These figures suggest that seed production in 
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lucerne varies greatly depending on environmental condition s . 

A lack of sufficie n t information about crop ma nagement could be 

anothe r factor govern ing t he su ccess of growing l uce rne for 

seed . Initial res ea rc h into ~ays of i ncre~sin g the see d yield 

of l ucerne be gan as ear ly a s 1935 , bu t t ~e r e i s s till a gr ea t 

need for mo re study . 

Pl a nt spacins plays an im portu~ t role i n s e ed cro p 

prod uc tion s i nc e y ield pe r un it a r e'J is 01 f un c tion o f se ed 

y i e l d p 0 r pl 'l n t su1d num b e r of 1,1 lants i n ~J. ce rt :J in a r ecJ. . lt is 

po ss i b l e t ha t diff e r en t pl ~n t spaci ngs c o u l d be on e of t he 

f 3. ctor s s ov ernin ,~ b,.)t h l ucer r:e herb~t 1;e ari d seed y ie ld . ,,s 

kno ·1: led s e of s owin g patterns ;; it l: l u ce r ne is s orne,1h,:;1.t 

i nconsisten t a n d lit tle gu idan ce ~~ s ob t ~ined f r om pre vi ous 

~ork , it was dec i.ded to lnves ti g~te t ~e eff~c t of s ~ua r e 

.;;ilar. tin 13; luce r ne a t .diffe r e n t s1,a. ci ne;s to <letenn ine th e eff r, c t 

of s nch trea t :nen t.s on s ee d y i e ld. 

e; r o:1,; ei LLe r f o r lo r age or se e d prod ,.1s tion. l n normal pr2c t i ce 

it i ~ c om ~on for f ar mers to cut l ucer ne f or hay an d t hen h~ r~est 

f or seed lc.t,=r i:i t he same season . ,, s the effect of previ o u[:; 

cu tting on the plant a nd on see d pr odu ction is no t c learly 

documented it was decided to investi ga te t he effects of c u tting 

on subseq uent seed yield in the seedin g year. 

This study is presented in two s ections; a herbage and 

seed production trial and a seed development trial. Th e 

purpose of the herbage and seed production tri a l was to 

investigate the effect of cutting lucerne pl~nts at the young 

stage of plant development (bud stae e, 12 weeks after sowing) 

and at a more mature stage (full flowering stage, 16 weeks after 

sowing) on herbage yield and seed production. In addition the 



eff e ct of height of cutting on herbace re gr owth at different 

stages of plant de ve lo pme nt was also in ve5 tiga ted. rhe effect 

of c ut tin g on subs eq~e n t s eed pro d 1... cti on w~s als o st~died ~s i ng 

plan t s Gr o·.\·n a t h d iffe r en t pl-'rn t de ~sitv Gpc{ ci ri gs . 

com po ne n t s wh i c h mi gh t be expecte d Lo hav e a be~ ri n~ o n se ed 

pr od uc tion a_ d yiel d we r e al so ex 3.m:i.ned . 

ln an y seed cro p pro d!,cti on pr 1);:; r3rr. me t i1e qu.'.:l l i ty o f 

s ee d n ee ds t o h e c 0:1s id ered alonr~ ·:ii t!, t :1e amou nt of s e ed 

h:; rve s ted. r0 assess t h i s aspe c t u se e rl developmen t trial Nas 

c cir r i e d o u t to mo r~ i t, or c i: 3. 11;:; e s i n p ~ y s i o l o ~: i c a 1 c om po r. e r1 t, s an d 

- eerl 11...c:1.J.ity j_•: re l .:a tio-,, t o seed '1;;~ . T!;e o, s et o :· ln.r d o, eed 

Lr ~a t me ~t on h ~ rd see d pe rce r.t~ge w~s uls o s t ud ied . 
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2. KATiRIALS AND M~THODS 

A. H~R 8~G~ ~ND S2iD PRO DUCTION 

1. Zx perimental Site a nd Lan d Pr e p 1r al ion 

Lucerne cv ~a irau was used i n thi s study. The se ed was 

inoc 1_i l 8.ted wi th certifie d lucer ne r!iizobium str'.lir. sup pl ied by 

.':rightson NM,, Ltd. i r::m edi 3. tel y prior to soclir:g i n o rder to 

ensure effective no du l ~Lion. 

The 1000 sq . metres trial s ite ·,:a.':; l ocatc<l a t i'bs .se y 

Uriver s ity on Tokomaru si lt loam . lhe previou s crop GroN n i n 

thi s a r e3 was fodder radi s h. The l~n d x ~ R plou;hed an d r o tary 

hoed i n Hu gust 1 ')76 . Ii'e rtili se r (30 ~ f" otL1s s ic Jupe r ;:hoc:;ph c1t e) 

~as b road cast ~t a r ~te of 25 1 k g/ ha . be f o r e sow ing. 

') 

f _ " l~ x p e ri me n t :, l :)e si . r: 

r::e l ::J.yout o f t il.e e :q:;~r .i rne n t :n s ,:i. s.:;ste ma ti c dc .si ~r: 

lt i s 

i~: thi s t rial . ..h\.:s t-: ho ·,·.n in F• i ~u re 1 , t :•1e pl ot 'JJ.J. S par al l r:? l to 

Li1e hi ll side cind .it h e c-:,me obvi<: 1if; tl-l'I t o n e s ide of th e CJ. re a 

w~,s dri er t h an t he ~~ t ::er. To rn i ni,;r ize t lte m~ii s t ure grad L.::nt 

e f fect , the spac ing tre a tmen t was a rran ~ed a cr ~ss the f ield . 

Eac h re pli ca te of each spa cin g wa s di vide d into 5 

s ub plots for c ut ti ng tr eatme nts. The s e c u tting tre atments 

involved an un c u t ~ont rol, t wo c utt in g ti mes (bud stage and ful l 

bloom) an d two c u tting heights (7.5 cm. an d 1 .0 cm.). Aga in the 

systematic arraneement seemed to be most practical. 

The size of the plots va ried wi th different plant 

spacings, the object being to obta in simila r total plants in 

eac h plot. Having eac h spacing in one block was therefore of 

great practical value. 
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In add i tion to this, the use of 4 replicates assisted 

in r educing e n vironmental d ifferences among subplots . Apart 

from the moisture effect , the trial area seemed to show 

uniformity when observing the growth of the previous crop in 

this area. Therefore the use o f a system~tic arrangement in 

this experiment wa s considered to be satisfactory e s pecially in 

connection with t he convenience of cro p management. 

3. Sowing Procedure 

Square plantings 10x10 cm., 15x15 cm., 20x20 cm . and 

30x30 cm. were employed in this study. These spacings resulte d 

in approximately 100, 44, 25 and 11 plants per sq. metre 

re pectively. Strings marked at the requir ed spacing interv Rls 

were prepared as a sowing gujde for different spacings. Seeds 

were sown by hand on Septe mber, 28 , 197~ , approxiMately 5 seeds 

per hold being sown at a depth of about 1 cm. Sowing was 

completed within 1 day by 7 planter~. therrnohydrograph was 

used to record c ~J nges in temperature and relJtive humidity :n 

~h e fie ld during the growing season. ( ~lates 1 and 2). 

SONING THD SEED 



PLATE 2. 

J\ 

HUMIDITY 

THERMOHYDROGRAPH FOR RECORDING AIR RELATIVE 

AND T~MPERATURE DURING THE GROWING SEASON 



4. Seedling Eme rgence 

Most seedlings emerged 8 days after sowing. The soil 

te mpe ra ture recorded during seedling emergenc e ranged from 

4°c - 19°c. 

5 . Thinning 

In the st udy of population density effects the number 

8. 

of plants grown in a cer t ain area is considered to be impor tant . 

The lucerne seedlings emerged in each position were thinned to 

a single plant using a pair of sharp scissors to cut belo w the 

gro wing point of the s t e m. In the case of missing plants, 

t hese were repl a ced by t ransplanting seedlings o f the same age 

f rom a small seedling nursery area bearby . Thinn ing and 

transplanting were completed wi t hin 8 weeks of sowing . During 

dry weather he area was irrigated for j hours prior to 

transplanting. In the 10x10 cm. plant sracing it was impossible 

to work with~n the plot with o ut damaging the plants, an~ ca ,1sing 

severe soil compaction. To overcome this problew a wooden 

board with short end supports was used for sitting on when 

doing the weeding, thinning and t r ansplanting . (Pla te 3) . 

6. Needing 

The predominant weeds presen t in th e trial were : 

Hawkbit (Le ontodon taraxac oides), Sowthistle (Sonchus oleraceus), 

Whit e clover (Trifolium repens), Daisy (Bellis perennis), 

Toadrush (Juncus bufoni us), and Californianthistle (Cirsium 

arvense). 

Weeding was done t wice , the first before thinning and 

the second after the fi r st cut. There were two methods o f weed 



PLATE 3. 

PLATE 4. 

A WOODEN BOAHiilD WITH SHORT END SU PPO RTS US ED FOR 

THINNING IN ~ HE 15X15 CM . AND 10X10 CM. SPACING 

THE STU BBI.- !'..: OF LOii CUT AND HIGH CUT 

9. 
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c ontrol employed - hand hoeing and herbicide. The post 

emergence herbicide (24DB) was sprayed at a rate of 2.1 

litres/ha. Unfortunately this herbicide while it did not affect 

the lucerne was found to be effecti ve only for some of the weed 

species present . The rest were removed by hand hoeing. 

7. Cutting 

There were five cutting treatments involving a time of 

c utting and cutting height combinalion. rime of cutting 

occurred 12 Neeks after sowin g (first cul) or 16 weeks after 

sow~ng (second cut). rhe time of cutting was considered in 

relation to the stage of plant development, the first cut being 

timed to coincide with the appearance of green flowering buds 

and the second cut being delayed until the full bloom sta£e• 

At e ach time cuts were carried out at two different heights, 

i .e. ground level (low cut) and 7.5 cm. above the ground (high 

cut). (Plate 4). Therefore the five cutting treatments were: 

(1) uncut ( contr ol) , (2) first high cut (FHC), (3) fi1·st low 

cut (FLC), (4) second high cut (SHC) and (5) second low cut (s1:::;). 

A hand sickle was used to cut the plants from an area of 

j.24 sq. metres, 4.84 sq. metres , 5.76 sq. metres and 9.99 

sq. metres in the 10x10 cm ., 1,x15 cm., 20x20 cm. and 30x30 cm. 

spacings respectively. This allowed equal numbers of plants to 

be cut in each treatment . Two rows of plants were l eft at the 

ed~e of each subplot as guard rows. After cutting, plants in 

all subplots were allowed to run to seed. 

8. Insecticide 

Lorsban 40 EC
1 

at a rate of 2.1 litres per hectare in 

uo gallons of water was applied to control aphids and other 

1 Lorsban 40 EC - 400 gm./litre c hlorpyritos formulated as an 

ernulisfiable concentrate. 
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harmful insects at the bud stage. At the flowering stage, 

2 
Aldrex was used at the same rate. 

9. Beehive 

Leaf cutter bees (Megachile sp.) were introduced to the 

trial site for use as pollinating agents. A shelter for the 

hive was made and placed at one central end of the field at the 

onset of blooming of the crop. (Plate 5). 

1 o. Har vesting 

Plants from each plot were hand harvested when most of 

the pods became black. The seed was at this stage at least 70 

days after pollina tion. A hand sickle was used to cut five 

marked plants in each treatment at ground level. The c ut 

portion from each plant was kept separately in a paper b3~. 

After the five marked pl&nts had been removed, the rest of the 

plants were bulk harvested for each subplot. 

11. Laboratory Test~ 

a. Herbage yield. The green material from each cut of every 

treatment was weighed and then oven dried at 105°c for 2u io u s. 

Fresh weight and dry weight were determined. 

b. Seed yield components. The number of total shoots, 

reproductive shoots, clusters per plant, pods per cluster, seeds 

per pod and seeds per plant were determined from five marked single 

plants in each treatment. The seeds from each plant were threshed 

with a hand operated rubber thresher and then cleaned. Pure seeds 

were weighed, and used for the estimation of moisture content and 

germination at each harvesting time. Therefore the yield per 

plant was obtained from the average of seeds from five plants in 

each treatment. 

2 Aldrex - 20~ w/r (2 lbs/gallon) of aldrin. 
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PLATE 5. 

A SHELTER FOR THE BtEHIVE 



c. Se ed yield per area. Cluster s fr om bulk harvested plants 

wer e removed by hand an d J.i r dr ied in 3. 1:;lasshouse at a 

13. 

0 0 
tempe r ature of about 30 -35 C for 1 neek. Seeds ve re then han d 

t l'lreshed , cleaned, weig!:ed a r d yield rcr hectare calculated. 

8eed moisture content and 1000 seed ~ei3~t ~ere also determ~ned. 

Th c v ,;1 1 u e o f y i e 1 d ; e r , in i t are a i:l. n d see d ·n c i 6 h t from d j ff ere n t 

moisture levels w~re converted for comp~r~tive purposes to a 

co m~on vqlue of moisture content (8') . :_;eed s from '=ach 

t reatment were stored se03r3Lely in pap~r b3~s in the 1 ~tur atory 

for a pe r iod of 3 ~ont~s. Ihe moi.3tt;re c, r,t"'r t of ~;:ich s 0 Pd lot 

dete rmined , " 
'.' met~od ~t 103°C for 

d . '.1cr1r.inatjon test. ...:eeds fro;:; e::..c'1 tre:itm0·1t ,'lere te:ste,1 for 

ger:r.in3.tion at ir,u:rvals of O, 6 ond 1? ·.eeks ·1fter h·1rve•r , 

Ge r ~i~ation t~sts ~ere carric1 out after dirfe~~nt period~ 0f 

fres· ly h·,rvesterl. seed ·:,:is very lo w o·si11c to the presence of 

ha.rd seed. It was <"Xpected that the rerc~nL1ce of hlrd seed 

would decrease with increased stora~e . l !_.erioc • • -~ceds obt3.ined 

from each of the~ cuttirG treatmertF ~~re t2sted in the same 

wa~ for the ~ermir~tion. Fo•i r rep lic'1tes or 5~, ,eeds were 

ge r minated on t op of parer '1t a temperature Jf 20°c. ~e eds Nere 

pre c hil led at 5°c for 3 days before the actual germin~tion test 

to elimin:i. te post harve st do rmancy . The first cotm t was made at 

I , days and the fin al count at the end of t he 10 day te st period . 

12. dtatis tical Ana lysis 

Three way analysis was used for ana l ysing the data . The 

least signi fic ant d ifference met ho d was used t o iden tify 

statistical differences among the result s from different 

trea tments and replicates. 
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B. S~ED DEVELOPMENT EXPERIMENT 

1. Experimenta l Site 

Th e same seed line of lucer ne was used in this 

experiment. Th e procedure of land preparation, sowi ng, weeding, 

t h inning an d transplanting was exactly t he same for the h ~rbage 

and seed production trial. (Section A). Plants were gro wn in 

fo ur plots each of 6x5 sq. metres . A plant spacing o f 30x30 cm. 

was us ed for thi s trial . 

2. Pollination Cage Pr e paration 

Four lar g e nyl o n mesh nets eac h with dime nsions of 5 .35 x 

2.75 x 0.65 m. were prepared to cover the plants befo r e flowering. 

(Plat e 6). Ea ch net was designed to cover an area o f 150 plants . 

Iron frames were used to support each net. Flo we r buds were 

ta:·ged before putting the net over the plants . Dur in g this 

period it was necessary to check for tte presence of bees in 

each cage as this was a critical perio for excluding the bees. 

If any bees were found , all tagged flower heads wer e discarded 

from the trial, and a fresh crop of flower buds were tagged. 

3. Pollination 

Two different methods were employed for o b taining 

in sect pollination. Th e first method tried involved putting 

about 60 honey bees into each cage and allowing them to 

pollinate the crop from 1030 hours until 1900 hours. As a 

re su lt of this method only a very small number of flowers were 

poll ina ted since t he bees became agitated at being confined in 

the c ages and tended to attempt to escape rather than pollinate 

lucerne flowers. The othe r method, which was more s uccessful 

for lucerne pollination was to remove the cage from 0930 hours 

until 2000 hours on a fine sunny day an d when there were plenty 



PLATE 6 . 

A ~OLLINATitG CAGE USED IN SEED DEV ~LOPMENT 

EXPERIMt:NT 

15 . 
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of blooming flowers and allow normal in sect a ctivity to occur. 

The cag e wa s then replaced on the plots. 

Since there was ins~fficient seed s e t as a re sult of 

be e a ctivity on any one day , the l a tt e r pollina tion pr oce d~r A 

was re peated in e a ch p l ot in ord e r to ob t ai n su ff ic ient quan ti ties 

of se ed. The da te o f each day on wh i ch be es we re a llo wed a c c e s s 

to c aged p l a nt s wa s re c or ded. 

I. . Ha r ve sting 

I n the see d development s t udy, se e ds were ha nd ha rves ted 

a t vari ous stages of ma t urity r ang ing fr om 10 day s u p to 75 day s 

after pol lina t i on . Pr ev iou s a tte mr t s had bee n ma de to ha rves t 

se ed a t 2 day inter va l s s t a rt ing fr 0m 1 0 days of t e r po l l ina ti o n 

t h. ro t: ;;h un t i l see d r ipe ness. Un fo rt una t ely t h e s e e ds ·,:e r e .ot 

fo und t o be ma t ure u.nt il I,(' days a f te r _~ol 1 in:J. ti on . ,a t :: ic 

stace , t he re were insu f f i c i e nt seeds l ef t for s am• l i ng . 

'I'he r e f or e th e time i n ter val wa s · lte r ed a?i fol lo ws : 1 0 , 1,3 , 1 6 , 

19 , 22 , ~~5 , 28 , 31 , .3 11 , 37 , 1.0, 49 , 55 and 75 day"' af t er 

po ll i.n a ti on. 

5 . Lab or a tory Te s ti n g 

t e ach h a rve st , pods were divided i n t o t wo portions . 

One portion was immediately use d f or t he estima tion of fresh 

we i gh t, dry weight, moisture co n tent, to tal vi ability a nd s eed 

germina tion while t i e other portion was stored i n t he l a borat ory 

for 3 mo n ths and t hen use d to estim~t e t he l a tte r pa r a me ter. 

Seeds were removed from each portion of pods by hand to avoid 

any mechanical damage. 

Two hundred seeds were used for the determina tion of 

fres h weight and dry weight. 0 The air o ve n met hod (103 C for 

24 hours) was employed to obtain t he val ue of moisture conten t 



o f seeds a t eac h h a r vest . 

Four l o t s of f i fty se e ri s were ,e r mina ted on t o p of 

paper a t 20°c . Seeds fr o m each hurv cs t vere p:ech ill ed a L 5°c 

for 3 days before t he act ual ge r mi nat i on t est . This was t hought 

de s irab l e to overco me post harves t d ormancy. ~eed lings were 

removed at in t ervals ( 1 , 7 , 1 h , 21 ,nd 30 da ys) durin g the 

ge rrni n~ti on test ne ri od . 

Th e t e tr 3.zolium t es t t echnique wa:3 empl oyed to evaluate 

the t ota l vi abi l i ty of 100 see ds o f e acli seed age . 

k ft e r storage in t he l a boratory fo r 3 mon t hs , sced3 

we r e re moved from t he po ds by hnnd . ru re seeds we re used t o 

dete r mi ne germi nab ility by the sam e pr o c edures previo usly us ed 

for f r e s:1 ly J-.-,. rv e.s ted see d. 



3. HE RB, GE YIELD AND SEE D CROP "RODU CTION 

INT RC DUC 'l'ION 

The luc erne p l an t has l ong been us ed fo r both he r haie 

a nd s e e d pro d u c t i o n • ·:, j J 1 a r d ( 1 9 51 ) s L1 t e d t h a t i t i s c om mo n 

f a rmins practice fo r t he l uce r ne pl an t to be cut ~t l ea~ t 

once n r to se ver ill ti mes for l 3.y c1. nd t h en for s eed productio n 

i !l t h e sam e year. ;\ :p 3. r t from cuttin g for hay , t he lucer . 

.pLrn t c an -:1 lso be 1: sed for g razi ng . . , i Lh c; r a z in ;,; , th e heich t 

of t h e st ubble varies g re a tl y w· th t he type of 3. nimal . .: hen 

18 . 

u s in g ma c h i n e s f o r c , 1 t t i !: ~ , t he s t :1 ';:1 bl '=' 11 ~ i t_; . t i s de t e r in i :1 e rl b :r 

~1e con s truct i..,n a '1 d 'l. cti on o:t' tle :110 .i.r i:; m:.; ch i. ne -~ids G": .rn 1 ]60) . 

~:c s e -1 so :1 .. 

l cg~ m~ species in t~r ~s o f ~o od rcc o ~~r J ~ft c ~ c u ttin ~ . 

l uce r ~e ~l ,nt c a n be ~3m 1 ged by a se vere c u l . Most ~o r ke r s 

of the l uc erne p l ::.n t by af f ec ti ng the pr ,)t.Lc:ti ,rn of shoo L::.~ fr ,_:ir:i 

t he c r own , s i nce t ie s t o r a8e o f food ma teri ~l i n t he r oot is 

depleted by re mo vine t he tops . Ab u- ~hakra et al (1977 ) noLed 

t ha t t h e num ber of stems per pl a n t was gr eatly reduced when 

3- 4 for aee harv e sts were practic ed befor e s t a rting the s e ed 

cr o p . This red uct ion was mu ch less se ve r e whe n onl y 1 - 2 f r a Ge 

c r o ps were hilrve sted . Howe ver, the f indi n s by \/ ilL1rd e t a l 

(1 93 4) as quoted by ~illa rd (1 951) oppose this view by saying 

tha t t he heigh t of c ut t i ng i s not i mportan t in ~ffe c ting 

r e cov e r y a ft e r c u tti ng as t he new g ro wt h of the l ucerne plant 

or i g i nat es from the cro wn buds a t or be lo ~ gr ound le vel. 
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Most p l an t spe cies hav e t he ab ility to change t heir siz e 

and form in res ponse to c hanging environ mental condi t ions su c h 

as c hanges in pl 3.n t densi t y . 011cr: p J ;:,n t r.c ns i t y di ff erences 

c an a l s o i n f l uence both herbage an d s e e 1 yie ld. r e re ~r e a 

nu ~be r of r eselr c her s a ttempting to j~ve~ti~~te the o p timum p l ant 

den si t y necessary to give optim u~ he r b~~- '1nd s eed yields fo r 

certain s peci es or c ultivars. 

: ·rinc ip3.l l y , t he :1m o un t and qui.llity of he rb -:i.~e ;1w.1 s eed 

removerl under d if ferent c u t ting tre :1. tm en Ls and o t di ff e ren t _rl ,nt 

de ns ities sho1: ld be cor.s idered al ong with the S'..! bs e q_u e n t r':co vcry 

potentia l of t he pl ~nt . The fol] or1 i..n ::; c rnttcr i r volves c1 r evie w 

o f l iLer:::1 t 1tre , re snl t s and dii=;c uss io :1 on t he ef fe ct::; of Ume of 

cutti r.g , hei ;;h t of c :~ttinc; and plan t de nsi t y on he r b-3.se production 

(.,cction A ) '3.nd on s u'.; sequ,. :1t see r' y i e l ti ·,ind ::: ·- ed yield cu:npc;ne nts 

( ,. I- O D \ ,...,ec~ -'-or. ...: J . 

y ield 

To manag e t he l ucerne cro p s:.1ccessf1i.l l y , it is 

nece ssary that i Ls crowt h pa t ter be »e ll un der s tood. J ·mson 

(1974 ) sugge s ts t ha t the gr o wing point of t he lucerne plan t, 

wh ich is respo~sible for t h e gro wt! of new stems and shoot s , 

i a normally found at t h e shoo t a pex whic h develops fr om Lhe crown 

re gion . According to Leach (1968) the word 11 crown" includes the 

extreme bases (le ss than 0.5 cm . i n length) of the di screte 

s t ems , an d "stubb l e" refers to t he bas a l 5 c m. of the disc rete 

s te ms . He a ls o sugges t s t ha t the rate of gro wi ng oint grov;th 

dec lines as t h e pl an t sta rts flo ~ering . \S a com ens tion fo r 



t h is ne w cro wn buds occ ur. He stre sses th q t t he gro wi ng poin t 

nee ds to be phys io lo g i ca l ly ma ture be for e t he devel o pmen t of 
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b qs a l shoots c an t a ke ~l ·i ce . J o l ucerne p l nt s ~i l l produce n o 

to p gro ~th du r ing the dorman t st3g e . Cowett ~nd 3pr ague (1962) 

sho i,ed t hat t be deve l o pme :1t of new hud s "'-1 d s, oots a t the crown 

o f the lu c e r ne pl ant depends on both e nvi ro.mental 3nd ~J~n t 

m 3. n :.1. _:; e m n t f a c t. or s s u c h ''- s ; so i l mo i s Lir e , 1 i c :1 t i r t e n s i t y , 

ai r t e ~pe rat ure , ~ineral n u t ri ent, c 1t t i . g he i ;h t , p l ant 

m. turity an d st a:1d de~si t y. Fur t ~e-more i t is sug~es t ed by 

.', ill :ird ( 195 1 ) t r:".l t L, v c,·: r · b l e c n-·1 i Lior. .s 1.Lich re:,--; , . l • ' c in .H~n 

1 ~ ~ls of c ~rbo hyd ~te or high rooL re ss rv ~c ~re reEpo ~s ible 

for cro·~n b~d injli~tio~ 3nd de ve l o~~~~t. 

.... ,.C? 

p : ,,. n : s •.! n d i n d i c 0 t e ·l tr -,_ t t :-, c. r e ,.: r 0 ,, t. : p . L t e r ·; .s o f u n c u t · · , 1 d c ,.1 t 

1 1.:c r: r r: c ."ere d i f fer •: L . 

tllE: \,1:,e .i f P ie st,:::n t}.1.t f or me~ ti.e fir: , t cr,J :.tn . In t he 

t !1 e 1:. o s t re c e : 1 t 1 y ;-;. :J. r v e s :, e d s t e m s • n id~ iLion to thi s , 

Si t ~ a nd Sobe r 3 l ske (1975) exami~ed t he rec ro ~th of l ucerne 

a ft e r c u t t in g and re p) r t e d t h t about 26. ; of t he ne II s'..oo ts 

were pr o duc ed fr om the re e ion of 5 - 12 c m. ~ t ubb l e s t ems . 

I t is wi dely a ccepted amo n gs t work e r s t ha t both lea f 

qu a n tity and quality contribu te to a l a r Ge exten t to gro wth 

r a t e an d subse . uen t crop y i e lds . The under s tanding of l eaf 

efficiency co uld be u se d as a eu i de to maxi mis e cr op y i e l d . 

Theo re tically · ny cut of suf fici ent he i gh t to retain an 

appr opr iate LAI wo u ld result in hi gher g r o wt h ra t e . i clea r 

s t atement i s gi ven by Br o wn et a l (1 966) t hat in forage 

prod uction, pa rti c tl'3.r l ,:-' where gr az in g or c ut ting i s i nvolved , 



t he stubb le a c l ie vinB optimum ligh t interce tio n sho uld be 

considered a l on~ wit h the be nefici3.l o r Farasitic value of 

the re ma in ing l e a ve s . Therefore l eaf ·~c0 -1 d e fficiency 'lre 

o f pr ime i m ortan ce i n i ncr e as ing for a ce y ield. I n r e l ~tion 

to t!'!i ti each (1968) sh o1•;ed t hat di ffe r e ,c s j n herb age y ie d 

3t d i f ferent c u tti ng in te~s iti e s i nvo l vinc re t aining or 

r emovinJ t he a Lubb l e ~as due t o iffere nce~ i~ l ea f ~re ~. 

21 . 

2hus t he m3intenance o f 3 re ason ~h l c to~ ~ro~th ncces~a r y to 

k eep t '.1 C l uc er e plant i n c;oo d c ondit i on i c: t!-:e ~1r imffy Li.~L to 

b co ; side red i:1 a r m pr cJ. c t ice. 

,i v , r i ·;. t i on o f s t u ~ b 1 e h e i .:: h t r 3. -1 :, i r c f r o m ~ r o u r.. :i le v c 1 

U }J to 3L cm. i :c: norm1lly fau na i!1 m-; :-, ,:;· ; t ti . _.:; e}:pe r irr.ents . 

Co·,ett a nd -3 pr aGue ( )C2) fo '.l nd t!n 10·,vi'":~ ·i s ~ub bl ~ hei::;h t 

rr. .l. L •3 r i :i 1 t b 3 ~ ~ c 1 t t i ~ .1; =t L ? • .5 c :n • 

lte tJi_:!~e1~ s t t .. :Jh l '3 !1e i ih t c:1nt r i~)t..t,-=:d _:;re ·1tl,-.- :o the incr~ ;-~.s e ,l 

~roduc t lon of buds u~d stems of t he ~ecc~a era~ . 

,, ic\.:;m e. n (1')60) c l a i;r.e d t h o. t c : tti•::: ·tt gro :..;.n d l evel o r 

y i e l d • . , s ·1 :- e s u J t o f c \i t t i n g t o o 1 ·:. , . ..; L rn c: p ·1 r; t :3 ·11 e r e e v e :c 

kill ed , ~rd oth er s were ~f fected hy ~r e~Lly redu ed i eld 

c .:,pacity . ~h en le aving t he s t ubble too h i lh , lo~ y ie ld was 

per sumab l y due t o le ss m~te r ia l bein ~ remov ed from the plant 

( .:.i. t t he time of cutting) . In addi_tion , work by Hildebrand and 

: ar rison ( 1939 i nd ic-3. ted tha t t he r e w s · r educ tio n in yie d 

~h e n l eav ing a stubbl e heigh t of 30 c m. due top· nt ma t urity 

an d slo·N gro Nt ' of t he tops below t he c u ttinG leve l. · hese 

results su g~est l.here mi gh t be an optim um heieh t of s tub b le to 

give a maxi mum y i e ld e ending o t he re gr wth perio d betneen 

c u ts . For insta ce Ridgman (1 960) sho ~ed t _a t wh en l ucerne 



pla nts were le f t f or re gro wt h after c utting f o r 7 mo n t hs, 

cu tt ing a t 5 cm. and 10 cm . and t he un c u t con trol, ga ve a 
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h i Ghe r yield t han cuttin a t gro und l evel . But in the si t ija tion 

·•:i1er e l uc erne plan ts \·:e r e c u t more ofLn , l e·:1 vin s -:1. suffi c i en t 

s t ubb l e height f a voure d he r bage pr:iductio:- . if i l debrand :rnd 

!arris on (1939) st ud ie d the re gro · t h of luc e r ne af ter c ut tin g 

a t .. e i 6 h ts of 2 • S cm • , 7 • 5 c m • , 1 5 c '.".1. ::ind 2 2 • 5 cm • , e a c 1-i t r e ,:J. t -

ment be in g cu t week y , b i week l y , or monthly . :i'heir re s11 Ls 

indic ~ ted that c u t s a t t h e 2 . 5 cm. l eve l g~ ve sign i fica n tly 

l o· l'e r y i ,=; ld t han t h e ot he r tre a tments -'1nd ::- 1 :--; o sui;ge.s teri t ln t 

t he opt i :n1m hei. ,~ht f or go od rec o ,,e r y of th.: _r l a nt under t 11 · 

si t ua tion was 15 cm . 

It is o f i nte r est L .at c ..:t ti nc; LP-ic;l. t may or m::,,y not 

i .f l •1ence he rb , ,:e yi~ l ci , dependi .r:; on tile }tc i ;ht of t he pltnt 

th- t ime of cutti~ ~ - 3irc h ct ::i. l ( ~<)7 6 ) found th':l.t a cutting 

r.e i;:::ht of 0- 8 cm • . Jbove t~e ~:ro,mrJ le ': 1 s -'1 ve ·, s imil J r :-.-,rh:, ,~ e 

yi~ld <1., ·i c u t , t 2 1 cm . he i gh t. Or. lhe otllerr,,ind , hr; r ·1 r; •.:: 

y i e l rl ·,\· .,. s i _ c re ::ts e d N hen t he ,-, t u bl c !1 e i ,_:; ;--_ t ·:r; ::; cu t a t 1 2 cm • 

fh i s mi ~h t be due to the f a ct t h3 t re covery of t ~e young rl~nt 

(1 2 c m. ) is poorer t:, n t ha t of ol der pl 3.n t .:, (2'· cm . ) ·11heri 

cu tti n:j :, t 3. ver_-; lo ·:: le vel . Ho ·.•1ev e r , i . revie ·Nin g the eff e ct 

o f c uttin g he i ght o herbage yi e l d of luc e r ne Keogha n (1967) , 

reac he d th e c onclusion t ha t height of c ttin g se emed to be 

unimportant fro m a pr acti c a l point of v iew excep t when fre quent 

c u tting wa s involved . 

He rbage yield is a re su lt of t he accumulat ion of gro wth 

materia l on t h e plant . Conse quent l y , t he yield of dry mat t e r 

depends l argely on the stage of plan t devel o pment ( Will ar d 1 951 ) . 

A number of wor ker s have cond ucted experiments by c u t ting lucerne 

a t different stages of p l an t maturi ty namely; ve ge t ative stage , 



bu d st3ge , early f lo wering , f ull fl ower in a nd pas t bloom 

sta ~es. Un f ort una te l y . the re su lt s obta i ned by va r i ous 

worker s a re inco nsi s tent . Co wett an ri ~praGue (1 962) a d Le :i c h 

( 19~ 2 ) ha ve ':lgr eed tha t cutti ng mor e m~ ture pl ::i n ts ( l i t e 

f lo ~erj_ng a nd p3s t bloom s t age ) r esults i n~ h i ~he r dry 

wei ;::;ht a nd hi~her nur.iber.s of st~ms th ':ln c uttir: ,; :-1.t t he e:irl y 

b1d st~~e or e 3r l y bl oo~ sta~e . 

t :1 i:i t m,:,, t u r e p la n t. s c n n t a. i n a h i c r. e r ::; t or ·1 ,~ '"! e v e l o f nu tr i L j v e 

U ssue w:, ich is 3. va il ab le fo r su c ces,, i v'2 gr o ·.,! t il . :l a r k by 

i etr ovs k i (1 97~ ) i s s u portin~ evi ~crc e. i: c reported t:-1a t ;_,_;; 

·-.'i ! , e n c Le t t i n g w a s c :,_ r r i e d o u t :J t t h e: ;= ·,, r l j ' £' lo .'. e r i n g s L c1 ,:; e 

·: ·1-:e ·c:1 $ the l o we s t y i c l -1 of S . 27 t ::· /::::i . n.s ht...1. i~1-.oc •:. l.~ n 
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(197 ::, ) c?.[; rees •:;it :, t h i ~, r es-..i lt. I:: C,"1;1t r :.:1.-, t t::> th i s '"; ri ;o r .,- :1 

::!1en c ut tin g occ urr e d be fo re bud f or ?~:: ti or, , !'. o·.'1ever , Cc o~:o j i c 

c u t in._; :J3S c arr i ed o u t :1t, th e ve cc l',ti.. ve c n,J bud s t a !;cs . 

3 i rce t ~e ma xim m t er b~ce yield of lucnr~e c roNn in di f f erent 

re g i ons (deter mined b v diffe r ent ~0rk e r s i s ohta i ned by 

c u tti n~ pl a nts a t va rying stRces of ma t ur ity i t i s r e aso~ ab le 

t · assu me t h3 t e ~vir on mental c ond it io ns l ead to dif fe r ent r a t es 

of ro v, th . 

; s t he d i ge s tibi l ity o f t he l uc er e pl ants plays n 

importan t role in feeding quality , it is ne ce ssary when c ut ting 

lucer ne for hay t hat the ual i t y sho uld be considered 

simultan ously with the qua n ti ty ga ined fr m each c u t . Mos t 

rnrkers ('.\o o dman et al (1933) , Cro 11de r et al (1960), ·,"leir ~ al 

(1 960) , Bir c h e t a l (1976) and Gri e;ory n ~ a l (1977) ) agree 



t ha t the perce tage o f crude rote in de c r e:.lses 'Nhil e t he cr ude 

fib r e and dry ma tter i r.cr ea s e~ as the p lan t pr ogre sse s to 

ma t uri t y . Gri gorya n et a l (1 977) r eror ted t :,c1. t Cl' c ontc r ts o f 

2C . 7 5 ,S, 18 . 3,'5 c1. .d 16 .~ .. ~ .•:ere obta in ed '.'/her. l uce rn e pl·1nLs •,;e re 

c~t before t he bud stage , du ri ng t he b~d s t ~~e a nd a t t he e~rl 

24. 

lo werin~ stag e re s9ect i vel y. l.s o :int e r e ~ ting i n t nis re s pe c t 

i.s :,or:< hy .',eir et 1 ( s-c. o ) --h .:i c nsirle re J the '1 ve r· 'lce :,nnu ~1. 1 

y i el d of ~c erne to~et he r ~ith di c e s tible protei~ a nd tottl 

di3e st i b le nut r ient s . Th e fo und t h.J. t t. ~ h j i_·;hes t yiel r of 

to ta l ~i gesti b le nutrier.ts ~as obt'1i!"ed by cuttin6 a t the 1/10 

lo om st ~e a n d t ~~t the h i ghest yield of di c estihle r otein 

\'/3 oht :ii :-ed i:1 r, • t s ma ·le ,,. t t he bloo (:l r +- '"' ·•A 
-.."> V .l ,_. ..... • ~r:ve rt heles s , 

c o ,' j .. ! t j_ o r1 'Iii t :--, r. i __; h l e v 3 1 s of in v j L r ,1 :., : : J i._~ •: .::: t i I, i l i t y ,,, n d 

b oo,.i :stac;e . 

i deal f or farm pr ac tice 

2 . if fee t of 'l an t '.)en s i t y on iie r ·ice Yie ld 

Th e terms '' c r or y ie l d" or" erl,age y i e ld" a re use d t o 

r efer t o eith e r yiel d per pl a nt or y i e l d pe r un it ~re a . From 

an agro omic stan d poi n t , it is prefera ble to a chieve max imum 

c ro p yie ld per unit a rea rather t han yield pe r pl a nt . 

Ge ne r ally , yield p0r un it a r ea de pe n s l ~r gely on pl nt 

po u l a tion whic h i s determ i n ed by t he numb e r of pl 1nts in 

t ha t a re a a nd the average yie l d of e a ch l a n t. Conseq uen t ly , 

a decr ea se in either t h e number of p l a nts or y i eld per pl a nt 

will be reflected in a lo wer crop yie l d . Co we tt and Spragu e 

(1 9 62) pointed out t ha t c a nge s in stan d de s ity alter t h e 



microenvironment in terms of moisture, light temperature and 

nutrient availability resulting in different yields. Likewise 

low stand density contributed to less yield per unit area but 

a greater number of stems per plant. 

In the investigation of vegetative gro~th of plants 

there is agreement in work by Donald (1951) on subterranean 

clover, Aspinall and Milthorpe (1359) on barley and white 

persicaria and Holliday (1960) on fodder beet and kale th~t 

25. 

the dry matter of these crops increases with increasing 

popul~tions but remains constant at an extremely high popul a tion 

density. In other words there is no reducti0n in dry matter per 

unit area even wh~n the plant density is extremely high. As a 

result of this an asymptotic curve is rroposed for vegetative 

growth by Holliday (1960). 

In previous studies carried out by various workers ~t has 

been suggested that a dense population is favourable for maximum 

herbage yield . The early work by Garner and Sanders (194 c ) 

showed that dry matter herbage yield of lucer e was 202 1.5/ha . 

higher when sown in narrow rows (9-1 8 cm.) than in wide rows 

(2 4 - 35 cm.). A similar conclusion has been reached by Cowett 

and Sprague (1962) who found that in lucerne a plant density of 

80 plants per sq. metre gave a significantly higher yield (6~00 

kg/ha.) than herbage from 10 plants per s1. metre (2600 kg/ha ). 

However, when plant densities were in a range of u6-240 plants per 

sq. metre Palmer (1971) did not note any significant difference 

in lucerne herbage yield. A careful study of the effect of 

lucerne growth on crop yield at different plant densities by 

Jarvis (1962) con tributes to this aspect. He grew lucerne plants 

under a square planting system with 8 different spacings. He 

found that herbage yield was increased with increasing plant 



popu l a tion up to a leve l of 75 plants pe r sq . metre. He also 

noted that there was only a sma ll incre ase i n y iel d when plan t 

po pu l ation was i n cre Rsed be yond t h is po i nt • . o we ver, hi~ 

r esults did not sugges t there was an o p timum r J. ~nt density for 

maximum her b·'>-g e y i e ld i n l ucerne. 

,\n un der stan di nc of pl ;.n t, b e h9. v i ,rnr i :s im por t ant ·,1·hen 

26. 

s tu dyinr; th e effects of :pl .:,. nt den sity o n crop y i e l d. I n 

rel a t i on to t h i s ~)or. a l d ( 1951) state s tL:i.t c omp t it ia n be tween 

pl ~n t s o f a s in g le spec ie s or bet we e n diffe r ent speci es no r ma lly 

OC C\... r S i n a p l 3.'1 t co m:r,un i t y . nS pi na l l ;;_ : j I i __ t:-:o r pe ( 1 :r 0) 

def in ed t he .vord "c om iet.i t"on" :JS r e:>t r ir. ti ti:1 of pL.int ,~ro·::t:.-, 

ari s in g .f r ~rn1 as.c;oc i atio n ·•1 i h ot her pl:::..nl'.; . :::,1 mpe ti t ion 

oc c ~rs when 0ne i ndiv i du ql is s uf fi c i e n tly close ta anothe r t o 

mod ify i t s en vir ,rn :ne r.t (ei t he r soil o r ·1 Lm·,;::1h ?.ric) ,:, r..rl i i:1·d l.y 

de c r e~s ~~ t h e rat e of Gro ~ t ~. In ,'1.d d .it.io n ,:orn ld (1951 ) 

cl ~~s i f ied c ompeti t io n jnto two c r o~p s , inter - flan t c ompe titi o n 

a r, d i n L r a - p l a n t c o m r, e t i t i o n • In t e r - p 1 -, ,, t c o m p e t i t i on o c c · tr s 

he we e~ pl ~n ts, no rm ~ll y a t hi ~he r po pu l~ti on de n s ities . I n tr a -

pl_3nt compet ition n lw :1 y s exist s am on c; t h .. p l ·; nt parts of 

i nd iv id u·, ls wl e n gro wn as wide l y sp ·.,_ c ed pl :-,nt s or :.1s s i ng le 

~he n pla n t popu l ~ tion is expres se d i n te ~ms of se e d 

s o wing r a te, differ en c es in herba ~e y i e l d wer e not detect ed 

when lucerne was s own at va ri ou s rate s fro m 1 .1 to 40 k 0 /ha . 

and harvested a t t h e seedling s t age or at t h e 10/4 flo we rine 

s t age (.Sims ( 1975), Pa lmer (1971) and . 3- lla to•re ~ al (1977) ). 

These res ults im ply t hat maxim um her bag e yield of lucerne c an 

be obta i ned under a wide r ange of popu l a tion densities . A 

possible explana tio n may lie in t he f a c t t ha t , firstly t he 

va rieties used mi g h t be differen t as a ll were unknown except 



for t he ' 'N a ira u' var i ety used by !1.::1.lmer ( 1971) . A second 

e xplana tion mi ght be t ~a t c om petition am on Gs t plants result e d 

i n high plant mortality . Irre spective of t his effe c t ~3lm e r 

(1 971 ) obse rv ed t ha t t he de ath r ate of plant~ was hi;her i n a 

de nse popuL-,tior. t .. ;ir:; in 9. sparse po?ul1ti ~r: . It i s likely 

that desp i te i nit i .:; rlint dens ity ,jif'f'erc,,ces , the 11mh.qr of 

p l ants present a t :,·uv e 0 · L te r. ds t ,.J h ·1·1e be en ;J.dj 11sterl by 

c ,mye titi on to r e:J.c h ;,_ simi l :; r p l a nt :r,,:pul..1. t ion de nsity . 

l'a. rtic ul 3. r interest shoij l cl he p-1i d t o t he r eld-t ion sh ip 

b etween p l ~ 1t ac e an d s t an d de nsi t y i n r~ c~rd to he rha~e 

~r o~n at di ff erent s acinc ~ , e uiv~lc~ t t J 3ee dling ra tes of 

0 ,2 8 - 1, . 4C> k g / 1 a ., a seeding r :d. e of 0 . 22 kg/ha . re sulte i:-1 

:-a tes (1 ,1 ? 1 ? . 2 1, n-d 4 , 1t8 k .:;/ha . ) i,, t~1e fi r s ~ ye 'J..r . ~io. ,: ve r 

i ~ he 3econ d ye&r hc . h .~e y i eld frJ~ 111 ~e 0 ding r· te s ~·1s 

i. the ·:: i c:est s pacin c:; or to poo r i1Li.~t Jev-::-loi:-:r: en t :it•d e ven 

pan t mort a lity occ urri n~ i n clo ~e Sf3C i n~ ro ~ul Ltions. 

rea~ r esu l t s of plan t sp~cin~ and c tting effects on 

fre sh we i gh t (F~ ) and dry weight ( DJ ) of hc r hage ure show. in 

Ficur e 2 ( i ndi vi d ~al tre aLm ents in :p_ e r~ ice s 1 and 2 ) 

1 . Fre sh ," eigh t (F 1
) 

Sta tistical a ria lysis i n dic - t e s that both spacing 

treat men ts and c utting tre a t ments had· si
0
ni f i can t ef f ect o n 

the fre sh weigh t of herbaie yield . It iP like ly t hat t he r e was 

a higher fr esh weight varia tio n due t o spac in • treatment s t han 

due to c u tting tre atments . Conseq uently, yields of fre sh 

we i 0 h t in the r ange o f 1562 - 5 437 kg/ha • .,,n d 1711, _1+081~ kg/ha . 
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FIGURE 2 EFFECT OF CUlTING AND SPAGING TREATMENTS 

ON FRESH VVEIGHT ANO DRY WEIGHT OF 

HERBAGE YIELD 

D FRESH WEIGHT 

DRY WEIGHT 

* D.M. ·;. *22.4 

22.7 

21. 7 I L.S.D 
21 .7 

n I L. s .o 

21.7 
20.a 21.1 

• L.S.D 

• L.S.D 

a C d 
CUTTING SPACING 

a-first high cut e- 30 X30 CM = 100 PL/m 2 

b- first low cut f - 20X 20 CM = 4 4 PL/m 2 

C- second high cut g_ 15X15CM = 25 PL/m2 

second low h- 10 X 10 CM PL/m 
2 

d- cut = 11 



were rec orded for spa cin g a nd c uttin g tr e~ tments re spe ctively . 

I n c utti ng tre a tments , lo ·.v c• i. tti ng o r l a te c u. ttin g 

gave a signific an t ly h i cher F~ of he r bage t ~a n e 3 rly or high 

c u tti n g t re a tme n t s . The h i 0 hest F .'i of Le rbace y iel d of hO8 4 

kr;/ha . v1:'l. s o b t a i ned fr ·. im t h e se c ond lo·· c u t ( c u t a t f u l l 

flo ·1;e rin r, s ta r; e and a t 1 cm . a bo v e the c;ro Hn d) v:hi le t h e 

lo .':est h e rb aGe yi e l cl of 171 11 k e;/h:1 . ·.'l:u; oh t a ir.ed f r or.i t:,e f i r st 

!1 i 6 L c u t ( c ut at f lo ·.i: eri nc bud st ·1:.:;e ,<-,nd -it 7 .'j cm . a ½o ve t he 

:::;round) . 

I rre s rective nf t h e s pcic i nc tr e·1trnent , t he g r ar-.!1s ir. 

w::i.s r eo. che d •:;[l e n pl:,nts wer e ~ r e wn J L ·1 .sr·•r.i..n r; nf 1 u x1 0 c m. 

( l 8 pl -:, n t s (J r s:; . r,e tre ) . Con v er:;el·: :.0-'1'=:,t, }1erh . .1 •;e yiel'l 

( 1 1 ;l~n t s r e r s~ . ~etre) . It·,,·:, observed t:·.:,t lih e •! fl'lnts 

S j:n cin ~ ·:.--1s decrc Jsed fr o•1 30x30 cm. t •.; 1 ':) Y~ .'.J cm., :rech hc:rb:::.:.:;.:· 

yicl · of l uce r ne ~as mor~ t ha n do ub l J. 

') 
( .. 

'l'he r eL, tio ns h ip be t ween c n tU n g 'incl s.aci.!1 ~ effec t 3 

a nd d r y weiLh L i s essen t i a ll y s i ~ il 1r t o t ~~ t obtai~e d ~ · t h 

fr esh we i gh t re sull.s (F i p; u r e 2) . The r esil ] ts in ri ic a te t h;;. t 

p l ~nt s ra cing pl ~y s a mo re im po r L· n t r o l e i r a f fecti ng erhage 

dry wei g ht t han c u tti ng h eigh t an d t he s t a ~ e of _ l an t d e velopment . 

~ ith rega r d to c u ttin g tr eatments , t he h i g h e s t y i eld of 

9 0 k r:/ha . (mea s o f I, sp:.i cings) was o bta i en wi1en lucer ne wa s 

c u t a t t h e flow e r i n c s t a ,_~e a n d at the Gro u nd level ( se con d low 

cut) . The mean lo ~e s t yie ld (3 83 k g/h~ . ) was obtained when 

pl nts were c ut a t t he bu d stage and a t a hei gh t of 7.5 c m. 

(fir s t h i gh c ut) . The other interes ti n p int t o emer ge from 

t hese r esult s i~ t ha t irrespe ctive of the st aCTe of p l an t 



devel opment at t he t im e of c u tti nP-: , c ut ti ni:i; t 0 gr onn d le ve l 

~a ve a s ign ific an tly h i ch e r dr y m~t t e r y i e ld than wh e n pl an t s 

we r e c u t a t 7 . 5 c m. he i gh t a t a c ~mp~r ~hle ~ t age o f pl~n t 

devel o pment. 

I n rel "i ti on t o sp.3. c ing effe c t, tl:e dry ma tte r h '.?rb.:,ge 

yie l ~ oh t ain e d from eac h spacing was si3 nifi c J. n t l ; di f fe r e!: t . 

~esults r anged f r om a dr y matter yie l d of on ly 325 kg/ha . ~ t 

t he ~i dest spaci ng (30x30 c m.) up t o 1 ? 15 kc/ h~ . at 10x10 cm. 

spQc i nc . Cr y ma t te r herb ~c e y ield ~~s t her efo r e i nv e r s e l y 

proportio na l t o pl an t SJa ci ng • 

.J . Dr y ?-~a t t e r Pe rc e n tcl.ce 
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Fl ant spacing had a s i gnif ic an t ef fe ct o~ the pe rc e ~t age 

of dr y ~u tt e r i n t he he r bage wh e re ~s t he eff ec t of cuttin g 

tr ec:. t :n 2nt .s ·:1 e:·e not ::; i s;nifi c an t ly different . .'..' r;e r e :;u l t :-: -:: 1: 0 ·.•1 

ti1at fl an t s gr o ·,,r'. ;;_t o c lo s e spacinc; pro '1:ic.c u h -~r b3. ,.:;e co r. tair-inJ 

3. .s i~ r. i fi.c':ln tl y hichc r :JM perc e nt a ....;e t h'ln t :lO .'..ie ::; r cnr. ' t L :t ·::i de 

Consc ,i;ier tl y , cry ma tter 

~ere r eco r ded a t t te 1Cx10 cm . and l ~c 15x15 c m. s pa c ings 

J 1 .-, .' 
:~t- • ( , J 

r e spec t ive l y c omp ::. red 1·: i t}1 va l ues of ,"}C' . S,'. 3-n d 21. 1 ,~ fr o:;i :: l a r. t 

s p --,,c i nGs of 3 0 x 30 cm . and 2Cx 2 0 cm . r e'3r ectively • 

.8L:iCU3S I ON 

1. Effect of Cu tting Treatments on Herba $e Yield 

In terms of herbage yield an d t ime an d height of 

c u tti ~g , results sho ~ a simila r tre nd for bo th F~ and Dl . 

Cu ttin g a t t he bud s t ~ie (12 weeks a fter so wing) gave a 

' 
significantly lo wer herbage yield (both of F~ and DW) than when 

cutting was delayed until plants had re a c he d t he full flo wering 

stag~ (16 weeks aft e r s o wing). The s e r esult s agree with t hose 

of Cowett and Sprague (1962), Leach (1 968), Petrovski (1974) 
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and Birch et a l ( 1976) who fo u nd th .J. t c u t t inG lucerne ,'..l t a more 

m3tu r e s t age (early flo wering t o p~s t b lo m s t ~ge) re sulte d in 

!1i 6 h er d ry mat ter h er b.':l.ge y i e l d t Lan c u tti. 1, s 01t a y o • n b e r c t age 

( v ece t a ti ve a n d b u d s t~ c e ) . 

v :; r i :1 Ljon in p l ~n t s i z e ::.. n d t :1e 1n r.: hcr of -~;-,, )o t s ·.t ~: rl Lr .:,1.:- c h es 

·:, :1i c !1 :i.a d dev e l oped be or e c u t t i g . 

o b s erva tio ns in cU c :l teC: t ~1:J. t ti -:: s iz e a :,d r. ·, ·· her of i.::'.-i o,) t s ~n d 

b r:J.. n c~~ f; i n c r e3.s ed ~ s p l '. lnls a f~r 0 .·.1c :~c ~ i: . lJri.c;J . 

...'h e .s.iz e 

'l !"' d 1: iJr:1 bf; I' v f .s h o o!...S :J. r. J. hr :1. r c!i e .:3 [1"r~:.~t: ;;r i '1 fl, i::r. ~..:e h e r i) "..i L '= 

y i e l d F~ r t.t .it s. r s-·· 

c o ll l i expl ·1i :1 t '., e l ·.:.r 0 e d i f f e r e r cc· s i :-1 '·, _r b ·•,.,; ·~ yiel.:J o btai c.e d 

ir t ~ i s exr e ri ~cnt . 

c on t a i n 3 h i g her p ~rc en t a g e of fibre t ~~ n y o~ nger p l an t s 

C.i' ood m::1.n et al (1 9 33) , Cr o ·.v der ~ a l ') 60 ) , .: e ir ~ a l ( 1 96 0 ) , 

Birc h et a l (1 976) a nd 8 rigoryan e.t a l ( 1')77 ) . ,, lth o u g l- a 

h i G}ter h e r bage yield ( dry wei bh t ) wa s o b s er ved whe n l u c e rn- i n 

LIi e 1-re s ent s t u dy W3. S c ut a t t h e f u ll fl o .• e rin g s t ate , t he dry 

mat t er percenta g e result s did not s h o w a ny s i g n i f i c a nt incr e a s e 

or diffe re nce between h erbage of d i ffe r ent age s . Ho weve r, it 

is a l s o important to be a r i n mi n d t h at h i gh feedin g uality in 

connection with high levels of d i ges tib i l e pr o t ein is more 
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likely to be obta i ne d when ~lants ur e c u t e a rly (a t bud stage) 

as r eport ed by 'N oodman ~ a l ( 1933) , Cro wder et a l (1 960) , 

iieir et al ( 1960) , Birc h et al (1 976) =rnd Grj :::; oryc1n et a l (1977 ) . 

2 . £: f f ect o f l l a n t Der.si tv on Herb:Je·e Yield 

01 ) whe re as lo ~er h ~rba~e yield oc c ur s ~ s pl ·in t popul ~t ion 

per unit ·3.rea is red uc e d . Thi s re ·-;ult .s 11 p ort:.s t i! e ·.·1o r k oI 

Co·,_.ctt :rnd :;pracue (1)62) ·:;ho report ed t h.:;;t r: e y-bace yiel d of 

l uc er~e oh a in ed from a pl ~nt den s ity o f Jo rl ~n ts p ~r s• . 

metre JJas s ignifican tly .. i gher t han t h a t .ib Ll i r.cd from a pl ·rn t 

de n s i t y o f 10 pl 3.r.ts per sq . rne tre . It 'l lS:J SUf.'lJort s ·.rn r k b y 

Palmer (1 971) that i, th e r · r s t y c~r , a Geeding rate o f 0. 2 8 

f or :~. t lo•; 

~re a r 3t~er t tan by yi e ld pe r pl qn t. 

r -j I l ~ 
) ..1.., ! l 'I't ic:...1 -, r] y j_: 

l L is inte r estinc a l s o to 

r o te V1 ;,. t in s tudie s of pl an t den ~ity e ffect s on herb · ~e yi e ld , 

.i: :J. lme r (1971) found the s ignifican t differe nc e of he rb age 

yie l d obta ined f r om differ e nt p l an t ensities in a s e eding 

ye ar. Ho weve r , h e did not find any differ e nce in he r ba~e y i eld 

in a se cond year harvest take n f ro m the same a rea . There fore, 

i s tudying th e effe ct of plant d e nsi t y o h e rbage yield the 

pla nt age effect may need t o be t aken into · ccount . 

The re sults of this expe r iment sho w there was an 

inc r e se in herbage yield with an i nc r ease of pla n t den s ity 
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whi c h re a ched a ma xi mum a t a plant popul ~ tion of 100 pl a nts 

per sq . me tre (1 0x 10 c m. s pa cing) . It i s of p ~rt i c u l a r intere st 

t h~t t h e increase of he r bace y i e ld ~ a s more ~r a du:il when rl~n t 

den .s ity wa s incre 0.s e d fr rn Iii . t .1 100 p l ·Jnt s per s 1 • met r e 

(15x15 cm . and 1 0x 10 c ·n . s p:,.cine; s) tr1 ;;.,. :11.e n t he pl an t de :.s ity 

·:u s i cre-3.se d fro :n 2 5 t o li/1 rLrnt :: .r 0r s; . rn e tr e (2 Cx 20 e r.-, . ·1 nd 

1 5x15 cm . spacin gs) . 

hcr b:it:;e yield o f l uccr n e _p e r unit ·, re :.i r.1i 0 h t be re:ic he d il ~ 

j,) o pulaL i on de:, s ity f le s~; t i 1.:i. p_ ·100 pb r, t .s p,~ r s i . metre . if 

thi s i s s o, t he :1sy ~ p t o tic c urve of ve~e ~aL ive 6 r o wt h rr e viJusly 

proposeci by Hol l i ddJ (1)50) an l 3~so f o~ ~ d by o~:i l d (1951) · nd 

, \ r, pi n ·1 11 a. n d : : i .l tl-: or _p e ( 1 9 5 9 ) c o u 1-: t c ., I-Tl .i e d t o t . e v e ::; e t --i t i v e 

c; r o ·.•:t h cu rv e of 2- l:cer ne in t he s e eri i !1 :_:; .ve·1.-:-- of t :1 i s s t u dy . 

j iffe r e r ce s i !1 th 2 dr y m~ tt er r ~r c e nt~ge of hcr~~~e 

o b :.; e r v a t i ,rn s i n d i c ·:, c e c l:! ,., t p 1 ; n t ::, ~ r u I n , i L t: 1 e c 1 o s _ s t s · . .,_ c i '7 (j 

(1 0 x1 C c m. ) t e n- c -:3 to pr.)duce mor e s t .:.,lks Nit h few s i de b r onc hes 

a, d f e·ue r a nd sma ller l e 1.ves . I n cl i vi rl ua l " L.t n ts g r o ·M1 a t t r1e 

~ider s pa c in gs ( 20x20 c m. ~nd 3 0x30 c m. ) dev e loped more 

e x te ns ive and expa ns iv e branc hes and l e a ve s . Suc h ob se rva t i ons 

s ress t he inf l uence of spa cin g on pl ~nt devel opmen t, an d ~ay 

he lp to e xpl ain diffe r e n c e s in t he pe rcen t ag e dry ma tte r of 

pla nts fr om diffe rent po pulation de ns itie s r ecorded i n t he 

present s t udy . 

CONCLUSION 

In a fir s t ye a r lucerne cro p e a rly c u tting (bud stage) 

r esult s i n less herbage y ield than wh e n cu tting is delay ed 

until t h e crop ha s reac hed t he flo wering st · ge. 
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Severe lo.te c utti ng , al t ho ug h it re su lts in high herb a g e 

yield sh o ul d be a v oided since it causes t he r emo val of t he 

te r mina l portio ns of deve l opi g bas~l shoot s . lf l a te c utti ng 

i s c a r ried out a hi , 1 residua l s t u'cb le sho·, 1 c1 be left. Su c h a 

c u ttin g r egi me still a . lo ~s h i gh herb~~ ~ y ie l d s bu t 1t the sa me 

ti me a v oids damaJe to t h e c r o~n shoo t s . 

l-' l o.n t spo. c in ha.s a m·Jr e pr o no 11n ced e ffec t on h"rt -3.ge 

yie l d than the he i ch t of c u tti g ~n d t he sta~e of pl · nt 

developmen t a t t he tim~ f cuttin g . Cl o :,e sp~cin g f a vo u r s 

increa s es in bot h fre sh wei~h t an dry ~ei~ht yie l ds per un i t 

a re a a s well as dry ma tt e r pe rcent3. ee . '.!er:1:1 ,_se yi eld per un · t 

area seem s to depe~d mor e on t he nu~ be r o f l~n cs .e r nit 1r e a 

t i,3.n 0 :1 yie l d pe r pl -:rn t . To ohb.in rn-., .-: i~ ·in ::erh.1.;e _yield _i:e r 

u:1 it 'tr e -, .i. n a fir s t y0 , r l uc e r ne cro p j,:l ·, !1t" .,l:ou l ,J be ,_; ro ,;n 

up to 100 pla nt s per s 1 • metre . 
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B. SEED CROP PRO DUCT ION 

LITER ATURE REVIEW 

1 . The Effect of Cut t ing on Se e d Yi el d and Yie ld Com pon e nts 

The seedin g year of luc erne i s c ommon l y k nown as the 

year of plant e s tabli s hment (development of both r oo t and top 

grow t h) . Hadfield (1952) considered that this was a critical 

period of luc erne growth especially during the first summer and 

winter and cutting should be strictly a voided except where 

weeds were predominant. The suitable time for cutting lucerne 

plants for both herbage and seed yield varies from place to 

place and from year to year sjnc e seed production depend s largely 

on environmental c onditions or geographic area and is favoured 

under more sunny days irrespective of bee activity (Abu-Shakra 

~ al 1977) . According to Hadfield (1952) New lealand farmers, 

afte r the s ee d i ng year cut lucerne in November for herbage and 

th e n l eave th e regrowth to produce a seed crop. He stressed 

tha t a luc e rne c r op should not be cut at all during the win t er 

i f i t is requ i r e d for a subs equent seed crop . Howe ver , in 

relation t o t he suitable cu tting time fo r seed produ c tio n , some 

farmers in t he Bl enhe i m di s t rict have observed tha t i n some 

yea r s t he h ighest se e d y i e ld of l uc e r ne is obtaine d when plan t s 

a re c u t in Decemb e r, but i n o ther year s it is a ch i eve d f ol l o wing 

cutting of plants f o r hay in J a nuary. 

Unfortunately t here has be e n a l imited amo unt o f wor k 

c a rri ed o ut on t hi s a s pect previously . Ne ver t h ele ss , wor k by 

Ab u - Sha kra et al (1977) in Le bano n on t he e ff ect s of c utt ing 

lucerne for for age pur poses on s ubse qu e nt seed yield, t ends t o 

contri but e a gr ea t deal in this a spe c t. The i r re sul ts sho wed 

that seed yield wa s grea tly reduced wh e n 3 or 4 forage ha r vests 

were taken before the crop was allowe d t o seed compared to t h e 



situation when plants were allowed to run to seed following 

only 1 or 2 f o rage harvests. Seed crop taken following 1 or 2 

forage harves ts resu lted in 4 times more seed per unit area 
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than the yield from crop taken following 3 or 4 forage harve s ts. 

Similarly Melton (1~73) reported that the highest seed yield of 

lucerne was obtained from a plot in which one h ~rvest for 

fodder was taken before harvesting for seed. It is unfortunat e 

that in these experiments the researchers did not appear to 

have an uncut contr ol to compare the seed yield o f cut and 

uncut treatments. However, their res u . ts s t ill show the 

deleterious effect of cutting on subse uent seed yield 

particularly where a high numb er of c ut s are practiced before 

the seed crop is take~. Abu-Shakra et al (1977) also explain 

that the seed yield reduction, where 3 or 4 forage crbp ~ were 

taken before setting SPed, co11ld ~ossibly be due to the 

depletion of root reserves resulting in loN plant vigou1. They 

further suggested that the number of cuttin6s fo r forage taken 

befor e seeding markedly reduced the nu~ber of pods per raceme. 

They did not record a~y significant diff erence in the number of 

seeds per pod due to forage harve sting in first year crops but 

there was a significant effect in the second seed crop. Therefore 

the number of seeds per pod is unlikely to be a sensitive 

component of seed yield except when plant vigour has been reduced 

in second year crops foll o wing extensive cutting for forage. In 

addition, Rincker et al (1977) investigated the effect of 

clipping 3 re d clover cult i vars on seed production. They 

indicated that removing a hay crop in all cultivara r esulted in 

a subse quent seed yield reduction . Clipping also reduced 1000 

seed weight of two cultivars and decreased the number of seeds 

per head in one cultivar. 



2. Effect of Spacing on Seed Yield and Yield Components 

Generally, the relationship between reprodu c tive yield 

and plant densi t y is a parabolic curve in mo st of the species 

s tudied . In the investiga t ions by Donald ( 1954) , it has been 

shown that subterranean clover and wimmera grass both showed 

the same response irrespec t ive of seed prod uct ior. . Eventually 

high seed production is gained at moderate plant de nsities and 

declines thereafter. Gr ime s and Musick (196 0 ) stated that in 

a reason a b l y dense stand of sorghum, the individual plant may 

increase i n s ize to make use of grow th mater i als. Sparse 

plan ts are unable to expand suf f i ci ently to fill the gaps 
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b e twee n plants and cannot fully utilize gr ow th factors, r esul ting 

in a lower overall yield. 

Some confusion appears in the li ter ature about whethe r 

wide spacings favour high seed production per uni t area in 

lucerne. Beran (1966) found that highest seed yield of lucerne 

was achieved when plants were grown in double rows (12.5 cm. 

b e tween rows) 45 cm. apart compared to plants grown at closer 

spacings in single ro ws 12.5 cm. apart. Simil ~rly, work by 

Mozhaev and Luzko (1975) in the U. S . S.R. has shown that the 

averag e 4 year lucerne seed production was 620 kg/ha. when 

plants were grown in rows 60 cm. apart compar e d with only 420 

k g/ha . wh e n plants were grown in rows 15 cm. apart . Conversely 

however, whe n lucerne plants were grown at wide spacings, it 

has been reported by some workers that seed yield reduction 

occurs. For instance, Antoniani (1971 ), grew lucerne for seed 

with 30, 45 , 60 and 100 cm. between rows, and densities of 10, 

6.2 and 4.8 plants per sq. metre. Seed yiel d was increas e d with 

increased distance bet ween the ro ws from 30-60 cm. but decreased 

with both increases in plant density a n d when the distance 
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betwe e n rows was greater than 60 cm. The same trend wa s 

obs e rv e d by lbraimov (1973). I n a ddi t io n, Abu- Shakra et al 

(196 9 ) s uggested that a s q ua re plan ting of 50x50 c m. gav e a 

hi gh e r se ed y ie l d t h an o ther s pa c i ngs (50x2 5 cm. a n d 50x75 cm .). 

Fr o m t he work ava ilab l e it i s like l y that the opt im um ro w 

spacing , t o g iv e maxi mum seed y ield in lucer ne is ap prox i ma t e ly 

115 - 60 cm . depending on the variety and the e n vir onm e ntal 

c ondi t ion s occ urri ng where t he plan t s are grown. 

It is commo n ly fou nd by resear c hers that dif f eren t 

species o r varie t i e s have a different growt h habit. 

Consequently i t mi ght be expected that there are varietal 

di ffe rences i n seed yie l d c o mponent s i rres pecti ve o f p l an t 

de ns ity . Th i s statement has been app l ied t o s o me varieties 

o f soy bean s (Le hma n and Lambert ( 1960), Vicia faba (Hodgson 

and Bl ackman ( 1956) and 1 uce rn e (Za,nbra na ( 1973) . In thi s 

co nnec t ion Hinson and Hanso n ( 1 ) 62) sug ~es t ed t hat l a t e 

va r ie t ies of so y oe an are mor e s uccessful at wide spac ings, 

increases i n h e i~h t , po a s per plan t and branches per plan t 

enab l ing them to ut i lize a va i lable g ro wth ma terial s mor e 

ef ficien tly t han early variet ie s. In addition , it was suggeste d 

by Ro berts a nd Ken n ey (19 12 ) a s ci te d b y Nidstr om (1 969), t ha t 

a t h ick p l anting was more ben e fici a l for s ma ll varietie s while 

a thin planting was pr e ferabl e for l a rge v a rieties. In the 

ca s e of lucerne, Zambrana ( 1973) reported tha t to achieve 

maximum seed yield the variety Galilee needs to be gro wn at a 

spacing of 60x60 cm., whi le the Gilboa variety requires to be 

grown at 30x30 cm. Hodgson and Blackman (1 956) found that the 

optimum density to g i ve maximum seed yield was 35 - 0 5 plant s pe r 

sq. metre for the spring type of Vicia faba. Apart from the 

varietal effect, it wa s also found that optimum plant den s ities 



varied from season to season due to climatic conditions. 

It is assumed that a high degree of competition exists 

when plant density is too high. As a result of this, a high 

rate of plant mortality is found (Palmer (1971) and Wynn-Nilliams 

and Palmer (1974). Besides plant mortality, stalk barreness also 

occ.urs. It ·uas reported by DonaJ.d (195 11) that at a very high 

population density of wimmera grass (22783 plants per sq. netre) 

the percentage of sterile tillers increased to 66X, while at the 

low and moderate densities (12-195 plants per sq. metre) all 

the tillers produced heads. Similar results were found in 

corn by Cente r and Camper (1970) . Giesbrech (1969) reported 

that the effect of plant density on the percentage of barren 

plants in corn became more pronounced when the growth material 

was limite d. ~obir:.son et_ al ( 1961~) sui:;ge s ted that other 

disadvantages of a very high populatior:. density are the cost 

of extra seeds required and an increasr in lodging percentage. 

Plant population should be defineJ not only in terms of 

the number of plants per unit are~ but also by the arrancement 

of these plan ts on the ground (spatial or plant rectangular~ty) 

(Willey and He~th 1969) . The arranGement of plants and 

planting pattern in the field may influence the degree of 

c ompetition between adjacent plants . Hoff and Mederski (1960) 

sugges t that an equidistant planting may reduce competi tion 

between the roots of adjacent plants for water a nd nutrients 

and therefore should increase crop yi eld . Equ idi s tance may 

also provide a vege tative canopy which results in good 

conservation of soil moisture and high efficiency in the 

utilization of solar energy. Work by Robinson et al (1964) wit h 

corn and Koldae v and Ab duva lier (1974) with lucerne indicates the 



i mportant role of plant arrangement o n see d c rop yields e ve n 

thou gh i t is unfortunate that only a small amoun t of resear ch 

work is c urr e nt l y a vailab l e o n th is aspect. 
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Rossister (1 959) s h owed that competition o f subterr anean 

clove r plants f o r wa t er gro wn a s single pl ants or in swards was 

the major f actor responsible for seed yield reduction . He not ed 

that when th er e was a soil moisture stress during the flowering 

perio d o f single plants then flowering was delayed by 1 month 

compared with situations where plants were grown in swards. 

Zambrana (1973) reported that the flowering time of lucerne 

plants was delayed whe n t hey were grow~ at a high plant 

density of 15x15 cm. Hodgson and Blackman (1956) suggested 

tha t flo wer production in Vicia faba was less sensitive to 

cha~ge in plant density than pod production. In other words, 

the intra-plant c ompe tition amongst flow ers during seed settin8 

is more critical than in the period of flower initiation. 8ince 

this species is self-pollinating, variHtion in percenta~e of 

seed set should be mainly due to internal factors. In an 

extremely dense stand the competition at the time of floral 

primodial formation is so intense that, there is a reduction 

in the numbe r of inflor escen c es per plant and the f l orets per 

inflorescence i s re du ced i n the case of wimmera ryegrass 

(Do nald 195 4 ) . 

It i s o f te n fo u nd by r esearc hers tha t a t wide spacings , 

in d i v idua l plan t s have the grea t es t numb er o f flo wers, pods an d 

s e eds. Thi s statement holds true fo r Lolium and Trifo lium s pe cie s 

( Donald 1963), Lupi n ( Withers~ a l 197L a n d Withers 1975) , 

Vicia faba (Hodg son and Bl a ckma n 195 6 ), beans ( Bennet t et a l 

1977) and lucerne ( Beran 1966). The data o f Bennet t e t al (1977) 

on dry bean ( Phase o lus v u l garis ~ . ) gi ves a very clear picture 
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o f this aspect. Their results revealed that the number of pods/ 

plant was reduced from 17.7 to 6.6 when plant densities increased 

fr om 17 plants to 63 plants per sq. metre. Similarly, Stickler 

and Wearden (1965) found in sorgh u m that t h e number of heads per 

plant varied from 0. 87 to 4.50 at plant de nsi ties ranging from 

25.8 to 3.3 plants per sq. metre. 

Apart fr o m t he thr e e yield com pon e nts al r eady mentioned 

there are other yiel d components whi ch infl uen ce seed yield. 

Beran (1966) found in lucerne pl a nts t hat at the widest spacing 

of '5 cm. between r ows, plants prod11ced more branches and had a 

g r eater number of pods and s eeds per bran ch , than plants grown 

at a close spaci ng. This suggests that plnr1ts compensate for 

low densjty of plants hy increased development. n similar 

finding wab reported with soybean plants by Lehman and Lambert 

(1960). 

~he ther or not seed weight i s altered by plant density 

depends on t.e plant species. It has been reported by Reis s 

an d She r wood (1965) that seed weight of s oy rean was affected by 

plant density. They found that the he a vi est seed was obtained 

at widest spacings of 100 cm. and 80 cm. row widths or at a 

see ding rate of 53 .5 kg/ha. while lightest seed was obtained 

from plants grown in 20 and 40 cm. row widths. However, 

according to their results seed weight did not seem to have a 

major effect on overall seed yield since the row width of 100 

cm. produced the heaviest seed but did no t give the highest seed 

yield per unit area. Similar effects with soybean have been 

shown by Lehman and Lambert (1960). However, Stickler and 

Wearden (1965) noted only a minor increase in seed weigh t of 

sorghum as stand density decreased. In contrast to this, 

Donald (1963) stated that seeds of Lolium and Trifolium species 
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were smal ler when grown at wide spacings . This was possibly due 

to high intra-plant competition during seed development as there 

we r e a great number of inflorescences per plant. Nevertheless . 

changes in seed size of Vicia faba were not noted when p l an ts 

were grown under different spacings (Hodgson and Blackman ( 1956) ). 

Numbe r of seeds per pod appears to be an unimportant 

yield componen t in many species and/or varieties at different 

plant densities. Un fortu nate ly, the c urrent literature on this 

aspec t of lucerne was not fou nd . However, Hodgson and Blackman 

(1956) reported that there was no change in the nu mber of seeds 

per pod in Vicia f aba when plants were grown at di ff erent 

spacings. 

When considering all seed yield components on grain 

yiel d of sorghum per unit ar ea there seems to be a compensation 

between components such as number of fertil e inflorescences per 

un it area and n um ber of seeds per head. Tnis compensation 

re sul ts in a constancy of seed yield despite changes in plant 

densities (Stickler and ~earden 1965). 

3. Follination 

It has been reported by Umae rus and Akerberg ( 1959) in 

~weden, Pedersen (1962), Gladstone (1970) and Johnston (1970) 

in U.S.A. and Palmer-Jones (1966) in New i ealand that lucerne 

seed production is generally rela tively low and uncertain, 

failure of seed production being often attributed to problems 

of ineffective pollination. It is estimated that only about 10% 

of lucerne flowers grown in the major seed prod uc tion districts 

of New Zealand are poll inated even under conditions of high 

density bee populations (Palmer -Jones and Forster ( 1 965) and 

Cook (1974) ). 

Lucerne in the field may either be self-fertilized or 



cross -fer tilized. Hadfield and Calder (1936) be lieve that 

t h e r e ar e zo nes in which either self-fertilization or cro ss­

fertilization i s dominant. They have shown that i n the 

Palmerston North district . 56% of pod set resulted f r om self ­

fertilizati on under open-pollinated conditions. In contras t 

t o this, Knowles (1943) reports an average of 94.2~ cross­

pollination in a lucerne field in Saskatoon . rhere is 

agreeme nt among workers that self-fertility in lucerne plants 

i s an un desirable charact eristic. Since it generally results 

i n reduced seed prod uc tion (Hadfield and Ca lder (1936) , 

Kn owles (19113 ) and Umaerus and Akerberg (1959) ) and to a lesser 

degree in reduced vegeta tive vigour (Hadfield an d Calder (1936), 

Tysdal ( 191.i o) 0 Busbice ( 1968 ), and :rre e ( 1970) ) . Th i s concept 

ha s been proved by investigation by Kn o wles (1943) that s 0 lf ­

f ertilization in lucerne p l ants resulted in 1. 65 seeds ner 

flower while cross- po l li n 3 tion gave .60 seeds per flower. 

Coope r et al (1937) claimed that failure to set se lfed seed in 

lucerne mi ght be cuased by lack of fertilization or by abortion 

of the proembryo . An average of 9 . 3 ovules per flow e r is 

normally found in lucerne. Among t hes e, seed setting rang e d 

from only 2.1 to 3.1 ovule s per flower (Cooper~ al 1937) . 

Honey bees (Apis ~ - ) are of great importance in 

po l linati ng legumes ( Bohart and Todd 1961). Howe ver, they are 

more valuable in lucerne seed production when they collec t 

pollen rathe r tha n when they collect nectar (Pedersen 1953). 

Most worker s (Vansell and Todd (1946), Bohart and Todd (1961) , 

Palmer - Jones and For ster (1965), Nye (1970) and Cook (1974) ) 

agr ee that h o ney bees are known to v isit lucerne mainly for 

n ec t ar ofte n without to uc hing t he tripping mechanism. By doing 

so, the fbwe r s a re r arely tr i p pe d although the re may sti l l be 



some cha nce of cross - pollin a t ion where hon ey b ee numbers are 

abun d a n t ( Ha dfi eld 1952 ) . 
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Th e alfalfa leaf cutter bee (Megachile ~.) is considered 

to be a very reliable pollinator of lucerne . As the leaf cutter 

bee has a habi t of working during earlier periods of the day 

and at lower temperatures than honey bees, there seems more 

likelihood of suc c ess from the ir introd uc tion into lucerne fields 

under low summer temperatures in New iealand than with other 

species (Knowles 1943). Farmers in the Blenheim district de p end 

greatly on leaf cutter bee populations t o o btai n high yields of 

lucerne seed. This type of bee does not live in a colony but 

tends to live in close proximity to its neighbou r . It is an 

advantage tha~ the leaf cutter bee is able to be housed in a 

man-made dwelling. The transport of eg ,; cells from place to 

place by man is also convenient. Only the female bee is 

effective in pollination, the male bee always t ak es necta r 

without tripping the floNer. fhe f e male l e1 f cutte r bee i s 

very hard working collecting small leaf pieces and petala to 

make ce lls for the larvae as she lacks glands to produce a x 

(Hobbs 1973). 

Hadfield and Calder (1936) have also suggeste d that the 

bumble bee (Bombus terrestris) is also a most efficient 

pollina t i ng agent for lucerne. Unfortunately low population 

numbe r s o ften l imit lucerne se ed production . Consistent 

tripping and pollinating is always a feature of the activity 

of this species. Howe ver, it is unlikely that seed yields can 

be i nc rease d by keepin g b umble bees sinc e their colonies 

generally c onsist o f l es s than 100 i ndi vid uals (Boha rt a n d 

Todd 1961). 



RESULTS 

1. Influence of Cutting on Plant Recove r y and Seed Yield 

Effe ct of c utting on seed yield per unit area. Th e r e sults of 

mean values fo r all cuttin g treatments a r e presented 

graphically in Yigure 3. It has been sho wn that cutting has a 

significan t effect on seed production . Cutting lucerne plants 

after they had commenced reproductive de ve lopment in a firs v 

year crop always depleted see d yield. The data collected shows 

a highest mea n seed yield of 83.8 kg/ha. from the contro l 

(uncut) plot and a lowest mean yield of only 4.5 kg/ha. from the 

second low cu t (plants cut at ground leve l 16 weeks afte r sowing) 

(Appendix 4) . 

Time of cutting and stubble height were both respor.sible 

for seed yield r eduction . Of these two factors time of cutting 

tended to have the p.reatest effect on seed yield. The data 

revealed that seed yield was reduced by 3 - 5 times when plants 

ve re cut at t he bud stage (12 weeks after sowing) whereas the 

red uc tion was as much as 12 - 19 times c ompared with the uncut 

control when plants were cut at the full flowering stage (16 

weeks afte r sowing) . Therefore the latest cut resulted in the 

l owest seed yield. Yield reduction due to the time of cutting 

is also obvious when compar isons are made between the yields of 

the first high cut and the second high cut (4. 4 times) and 

betwe en the first l ow cu t and the second low cut (3.5 times) . 

The results f urther s how that seed yield from the first 

high cut was twice as high as from the first low cut. In 

contrast to this, less obvious differences due to height of 

cutting were detected at the second cut. This implies that when 

plan ts are c ut at the bud stage, leaving a stubble height of 

7.5 cm. is preferable t o cutting at ground level. 



r-. 

90 

8 0 

r-. 
-<i 60 
I 

0 
~ 50 
0 

~ 4 0 
r 

8 30 
LI.I 
<.I') 

20 

"'10 

. 9 00 

.800 

t .700 
--
~ 
8,600 

0 

~.soo 
<.I') 

0 ,400 
1-

;i: 
0 .300 -
LI.I 

~ ,200 

,100 

I 

FIGURE 3 EFFE CT OF CUTTING ON SE ED Y IE LD PER UN I T .AREA 

• 

I L-S-D 
• 

"BU D STAGE 
I I 

FLO,;;_ RI NG ST~C E 

,CO NTROL FHC F LC SHC S LC 

FIGUR E 4 EFFECT O F CU TT ING O N SEED YIELD PER PLANT 

CONTROL 

~. 
~I L-S-D 

• • 
~UD STAGE FLOWE RI NG STAGE 

FHC FL C SHC SLC 

46. 



Effect of cutting on seed yield per plant. The mean values of 

yie ld per plant obtained from various cutting treatments are 

presented graphically in Figure 4. The results show that the 

effect of cutting on seed yield per plant was essentially 

similar to that on seed yield per unit area. Figure 4 shows 

that plants fr om the un cut control plot gave the highest se ed 

yield of . 851 gm. per plant . There was a considerable decline 

in seed yield per plant from the control t o the first high cut 

and the first low cut. The reduction became more gradual between 

the second high cut and the second low cut . Nevertheless cu tting 

at a heigh t of 7.5 cm. seemed to result in less seed yield 

depression than cutting plants to gro un d level at a ~imilar 

stage of plant development. 

The rel at ionship between cutting treatment and ~eed yiel~ 

components. Since cut ting had an eYtrernely d pressing effec~ 

on both seed yield per pl ·nt and per unit area , it was 

i mper ative to further investigate the various componentG .hich 

govern seed production . In this experiment 11 component s of 

seed yield were examined. It was found that some com onents 

had a major effect on seed yield, some a minor effect and others 

had no effect at all. Hence greater emphasis should be given 

to those which had the more pronounced effect on the seed yield 

production. Mean values of each component are presented in 

Table 1. 



TABLE 1 • 

A SUMMARY OF MEAN EFF~CT OF CUTTING ON SEE D 

YIELD COMPONENTS (RAW DAT, APPSNDICES 6-1 6) 

YlELD COMPONENTS CUTTING TREATMENTS 

CONTROL FHC FLC SHC SLC 

1 • SEED NUMBEH PER 366 224 116 88 Lr4 

PLANT • a b C d e 

2. POD NUMBER PER 166. 1~ 84.3 43.9 36.3 20.3 
PLANT a b C C d 

3. NUMBER o.r CLUSTl:RS 36.4 16.3 9. 1 B.o 4 8 
P::.:R PLANT a b C C d 

4. MAXIMUM FLONE;dS 13 . 1 3.6 5.2 4.7 4. 1 

PER PLANT a C b be be 

5. :6 OF SHOOTS 23.5 16.7 12.6 12.4 7.9 
PRODUCED SE2D a b C C d 

6. REPRODUCTIVE 5.7 4.6 3. 1 3.4 2.2 
0HOOTS PER PLANT a b C C d 

7. TO'l'AL SHOOTS Pi:R 2 L1. 1 27.9 25.2 25.8 28. 8 
PLANT b ab b b a 

8. 1000 SEED WEIGHT 2.26 1.93 1.85 1.67 1. 60 
a b r, d e 

9 . NUt✓.BER OF FLOR.iTS 11.0 8. 6 10.0 10.8 10.3 
PER FLOWER a C b ab ab 

1 o. NUMBER OF SEED 2 . 35 2. 81 2.65 2.94 2.27 
PER POD b a ab a b 

11 • NUMBER OF PODS PER 3 .95 4. 31 4.34 4. 28 3 . 95 
CLUSTER a a a a a 

• Figure in any column follo we d by the s ame letter do not 

differ s ignifican tly a t 5% level . 

48 . 

L.S.D . 

5% 

28.9 

10.5 

1.5 

1 • 4 

? .1 

0.5 

2.8 

0.05 

o.8 

o. 43 

o.45 



I t appears from the results that cutting (time of cutting 

a nd cutting height) ha d a depressing effect on a ll seed yield 

components except n umber of pods per cluster a nd t o a l esse r 

extent on t he numbe r of seeds per po d a nd tot a l s hoots per 

plan t . Pl ants fro m t he unc ut cont r ol gave th e hi ghes t number 

of seeds per pla nt (366) wh e r eas plan ts cut at t he se c ond l o w 

cut (cut late and at gr ound leve l) y ielded on l y 44 seeds per 

plant. This reduct i on i n the numb er of s ee ds per pla nt was 

c a used by bo t h time of c utting a nd cu tt i ng height. I n Table 1 . 

se ed numb ers pe r plant fe l l fr om 22 4 i n the f irs t high c ut to 

88 in t he se c on d h i gh c ut (a r eduction t o one t hir d ) but a 

sign i fica nt r ed uction occ urre d b~tween the f ir s t high cut (22 4) 

a n d th e fi r st l o w cut ( 11G; (a redu.ction to near l y hal f ). 

Lik e the n umber of s eeds pe r pl unt, it is t o be noted 

tha t the r.umber of r ods , clusters and m01x i rn 1~.n n .nter of flow •Jrs 

per pla:-it were dr a stica lly reduced bj' c 11t ti n,; . (Table -; .. 

to be a fun damental f actor a"fec•i ng over a ll seed yield, ~i nce 

this f ac tor af f ects t he pote ntial of a crop for the subse ,1uent 

develo pme nt o f f l ower s , pod s a nd seeds pe r plant . There was a 

de f i ni te r elati onship b e twe e n c u t ting treatmen ts a nd both the 

pe rcentage of shoots that produced seed and the number of 

reproductive shoots which formed. Both of these parameters 

were sign i ficantly higher in the uncut control than in any of 

the cutting treatments because of the depression in reproductive 

shoot growth an d subsequent development caused by the physical 

removal of herbage . This effect became more pronounced with 

later cutting treat~ents . 

Significant differences in both the number of total shoo ts 

and reproductive shoots were found when plants were cut for 



herbage before seed production. The total number of shoots 

formed per plant was slightly increased following cutting. On 

the other hand cutting caused a great depression in the num ber 

of reproductive shoots per plant . Generally, the effect of 

early (bud stage) and high (7.5 cm.) cutting was not as severe 

50 . 

as the effect of late (flowering) and low (groun d level) cutting. 

Apparently t he first high cut removed only some of the 

reproductiv e shoots whereas the first lo w cut removed twice as 

much. When cutting was delayed until the flowering stage 

(sec on d cut) , nearly all the eproductive shoots were removed 

particularly in th e case of low cutting. (Plate 7). 

PLATE 7 

DI AGRAM OF CUTTING DAMAGE TO THE PLANT 
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It is of particular interest to note that cutting not 

only reduced the number of reproductive shoots but also 

restricted the percentage of total shoots which subsequen t ly 

produced seed. In other words cutting seemed to stimulate the 

gr owth of vegetative shoot s and to depress reproductive shoot 

develo pment. This effect was more pronounced in th e SLC where 

only 7 . 9i of total shoots were able to produce seed heads 

compared with 23.5 ~ from the uncut control (hppendix 12). 

1000 seed wei g ht was found to be reduced with both the 

time an d severity in cutting (Appe ndix 13) . Control plots gave 

heavier an d larger seeds when compared with seeds fr om cut plots 

particularl y at the latest c ut . However t his seed weight ~ffec t 

seemed to con t ribute less to s eed yield reduction, greater 

effects being attributable t o greater numbers of seeds per plant 

rather than increases or de c reases in indiv:dual seed weight. 

Treatment effects on the number of florets per floNer 

and the number of aeeds per pod showed only a minor influenre on 

seed yield . These values were less consistently influenced by 

c u tt ing (A ppendix 14). 

One of t h e parameters fo un d not to be important in seed 

yield was the number of pods p er cluster, which was al mo st the 

same in every cuttin g treatment (Appendix 16). Th is was the only 

seed yield c omponent which was not affe cted by management. 

Po d set 

TABLE 2. 

EFFEC T OF CUTTING ON PERCENT POD SET 

CONTROL FHC FLC SHC SLC 

MEAN TOTAL FLOW ER S PER PLANT 47.8 22.9 13 .5 20.1 9.3 
MEAN TOTAL CLUSTERS PER PLANT 36.4 16.3 9 .1 8.o 4.8 
PERCENT POD SET 76.2 71.1 67.5 39.8 51 . 6 
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A comparison between the total number of flowers per 

plant and the number of clusters per plant provides information 

about the percentage of pods setting seed. Data in Table 2 

suggests that the percentage of flowers that set pods was high 

(76.2/4 ) in the uncut control plot and that t his pe rcentage 

decreased when plants were cut for forage before being allowed 

to run to seed. Lowest percentage of pod set (39.8/4) was found 

in the SHC . When a comparison of this val ue was made between 

the early cut and late cut, results suggest that percentage o f 

pod set is consiste ntly lower following late cuts than early 

cuts. 

2. In fluence of Spacing on Plant Behavi0ur and See d Yield 

Effect o f spacing on seed yield per unit areR. ~ithin the range 

of plant dens i ties used in this experiment (11 - 100 plants per 

s1 . metre) , t~e rosults su~gested that spacing had a tr e~~ndous 

effect on seed yield . :'o co:np1re the spacing effects the data 

was poole d over all cutting treat~en ts (Figure 5). The plant 

spacing of 30x30 cm . produced an aver&ge seed yield of ¼5 kg/ha., 

?Ox20 cm. was slightly reduced at 43 kg/ha. deed yield was 

sharply reduced at 15x15 cm. (16 kg/ha.) and 10x10 cm. plant 

spacings , (10 k g/ha). The da ta therefore shows that seed yie ld 

per unit area was reduced as the distance between plants became 

smaller (Appendix 4). 

The interrelationship between spacing and seed yield per plant. 

Significant differe n ces in seed yield per plant were detected 

between plants grown in different spacings. A reduction in seed 

yield per plant was noted when spacings were reduced. Average 

seed yield p e r plant for all spacing treatments are shown in 

Figure 6. Plants from t he widest spacing of 30x30 cm. produced 
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FIGURE 5 DIFFERENCES IN SEED YIELD PER UNIT AREA (KG/MA) 
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a yield of .741 gm. per plant (Appendix 5). This seed yield 

was reduced 2, 5 and 11 times when plant spacings were reduced 

from 30x30 cm. to 20x20 cm . , 15x15 cm. and 10x10 cm. respectively . 

Obser vation indicated that the size of plants grown at a 20x20 cm. 

spacing was slightly smaller and had a slightly lower number of 

stems when compared to those gr own in 30x30 cm. However this 

red uc tion in plant size was more pronounced at spacings of 

15x15 cm . and 10x10 cm. Particularly at the highest population 

density (10x10 cm. spacing) individual plants were relatively 

small and tended to have a large number of barren (non -flowering) 

stems. The overall results suggest that seed yield per plant 

was extremely low when the plant density reached or exceeded 

44 plants per sq. metre (Plate 8). 

PLATE 8. 

EFFECT OF SPACING O PLrlNT SI~~ AND SEE D YI FLD 

PLANTS PER 
SQ. METRE 11 
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The effect of spacing on seed yield components. Since differences 

in both s e ed yield per unit area and per plant were noted as a 

result of different spacings, further investigations were carried 

out to determine the direct effect of spacing o n those seed yield 

components which mainly go vern seed production. There se e~ ed to 

be many factors involved, some contributing to a greater extent 

than others. rhe mean values of each component are presented in 

Table 3. (raw data Appendices 6-16). 

TABLE 3. 

A SUMMARY OF MEAN EFF~CT OF SPACING ON SE~D YIELD COMPONENTS 

YIELD COMPONENTS SPACINGS 

1 • 

2. 

3. 

1 .. • 

5. 

6. 

7. 

8. 

9. 

1 o. 

11 • 

• 

30X30 20X20 15x15 10X10 
CM . CM. CM. CM. 

OD NUMBER PER PLANT 150. 9 82 .1 35. 7 12.3 
• a b C d 

SEED NUMBER PER PLANT 350 205 78 38 
a b C d 

NUMBER OF CLUSTERS PER 27,7 1 8. 1 9.8 4.3 
PLANT a b C d 

Mn.XHlUM FLOllERS PER 8.4 7.6 5 . 2.9 
PLANT a a b I,; 

REPRODUCTIVE SHOOTS 5.3 4. 3 3.3 2 .1 
Pi::R PLANT a b C d 

TOTAL SHOOTS PER Pl.ANT 36 . 1 30.2 24.3 15.0 
a b C d 

NUMBER OF PODS PER 5.3 l-1 • 7 3.6 3 .1 
CLUSTER a b C d 

NUMBER OF FLORETS PER 10.3 11 . 2 10 .1 8.9 
FLOWER b a b C 

1000 SEED WEIGHT (GM.) 1.98 1.91 1.82 1. 76 
a b C d 

NUMBER OF SEEDS PER POD 2.34 2 . 47 2.37 3 .22 
b b b a 

% OF SHOOTS PRODUCED 15.7 14.2 14.o 14 .5 
SEED a a a a 

Figures in any column followed by the same letter do not 

differ significantly at 5% level. 

L.S.D. 
5~ 

9 .4 

25.8 

1 .3 

1.3 

o.4 

2.5 

o.4 

0.7 

0.05 

0.4 

1.9 



The number of pods per plant was found t o be the most 

sensitive yield component altere d by plant spacing. 

56. 

An examination of the number of pods per plant showed 

that the re was a major relationship between this seed yield 

component and plant spacings. There was a decline in the number 

o f pods per plant as plant spacing was decreased. Th i s value 

fell drastically from 151 pods per plant in the widest spacing 

to only 12 pods per plant at the closest spacing . Therefore 

this yield com po nent was reduced more than 12 times simply as a 

resu lt of alteration in plant population numbers per unit area. 

Seed numbers per plan t also appeared t o be an extremely 

important c ompon ent of see d y i eld affected by varying plant 

spacings . The widest spacing (30x30 cm.) again gave the 

highest number of seeds per plant. The mean value of th~s 

component (Table j.) indicates there w~s a marked decre~He from 

3~0 seeds per plant at the wi'!st spacing to only 38 seeus per 

plant at the closest spacing. The rate of r~duction jn seed 

numb e rs per plant due to the decrease in plant spacing follows 

a similar pattern to that obtained for the number of pod5 per 

plant. 

Clusters of pods per plant was also considerably reduced 

as plant density became more intensive . This component ranged 

fr om 27.7 in the widest spacing down to 4 . 3 in the closes t 

spacin g , (a re duc tion of over 600X) . 

It was also observed that plant density had a significant 

e ffect on the maximum numbe r of flowers per plant. The results 

suggest that plants grown at wide spacings tended t o produce 

more flowers than those grown at close spacings. Flower numbers 

per plant gradually fell as plant population per unit area 

increased, this reduction being particularly marked at t he 10x10 
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cm. spacing. Similarly the number of both total and 

reproductive shoots per plant was also highest at the widest 

spacing and gradually reduced as plant spacings decreased. At 

all plant spacings the consistent percentage of the shoots that 

became reproductive was w'thin the range of 14/4 - 16/4. The 

number of reproductive stems was well correlated with spacing , 

r anging from 2 to 5 per plant in the closest and widest 

spacings respectively. 

The number of pods per cluster and 1000 seed weight 

were also decreased with increases in plant population. However 

they were shown to have a generally smaller effect on seed yield 

production than some other components. Tne number of seeds per 

pod was similar jn the wide spacings of 30x30 cm., 20x20 cm. 

and 15x15 c m. but this component of total yield tended to be 

higher at the highest population of 100 plants per 6q. metre 

(10x10 cm. spacjng). 

The number of florets per flower found in this 

ex pe riment varied from 8.9 to 11.2 depending o~ the spacing 

between plants . This component was higher at th e 20x 20 Lm. 

spacing than at 30x 3 0 cm., 15x15 cm . and 10x10 cm. spacings. 

The lowest number of florets per flo~er (8.9) occurred at the 

closest spacing (1 Cx10 cm.). 

Pod set 

TABLE 4. 

EFF ECT OF SPACING ON P~~CENT POD SET 

30X30 CM. 20X20 CM. 15X15 CM. 1 OX10 

MEANS OF TOTAL FLOWERS 46 .. 8 34.2 22.9 9.7 
PER PLANT 

MEANS OF TOTAL CLUST~RS 27.8 18. 1 9.7 4.3 
PiR PLANT 

% POD SET PER PLANT 59.4 52.9 42 . 3 44.3 

CM. 



Mean va l ue s of perc e nt pod set pe r pla n t are pre sen t e d 

in Table 4. The re s ult s i ndic a te that p l ant s g rown a t wi de 

s pac i ngs (30x30 cm . and 2 0x 20 cm .) te nd t o result in h i ghe r 

va l u e s of po d se t (59 . 4~ an d 52. 9% r espective l y). At c l os e 

p l ant spacin g s ( 15 x15 cm. a n d 10x1 0 c m.) a l o wer per centage o f 

f lo wers subse qu e n t ly se t t i ng pods ( 42.3b a nd 44 . 3~) was noted. 

3 . Combi n e d Infl uence o f Cu t ting and ~pacing on Seed Yield 

The effec t s o f c ut t i n g and spa c ing on s ee d yield 

prod uct ion have already be e n inves t igated separate l y in t he 

a bo ve sec t i on . Howeve r t he e x pression of seed yield due to 

the se t~o f a cto rs c ould no t b e c ompletely achieved without 

c onsideri n g t h eir co mbined e ff ec ts . 
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rotal seed y i e l d per unit area . fhe resu l ts of individual 

treatments a re s hown in Figur e ·, . Considerable variation in 

seed yield bo t h within and b etween treatments occurred. ~.ed 

yield per h e ctare varied from 1 .7 k~. i~ t he treatment of the 

second low cu l com ined with a plant spacing of 10x10 cm. up to 

137.4 kg/ha . in tre control (uncut) plot at a plant spacing of 

20x20 cm. It is interesting to note that in the control plo , 

seed yield per unit area at a spaci n g o f 20x20 cm. outyielded 

plants grown a t a 30x30 cm . s pa c ing by 10 perc ent. When a 

c omparison was made be tw ee n the effect s of c utting a n d s pa c ing, 

cu t t i ng t r e a tmen t s employed i n t his ex pe r ime nt t end e d t o cause 

a greater depre ss i o n i n s ee d yi eld than the s pacing effec t . A 

close investigation of the da ta revealed tha t a t t he 30x30 cm . 

spac ing seed yield reduct ion due to cut t ing was very critical 

fa l ling fro m 124 . 7 kg/ha. in t h e uncut plot to 6. 2 kg/ha. in the 

second l o w c ut t reatment . Th i s general effect a lso occ urre d at 

the other 3 p l a nt s pacings . An im portant feature was that 

plants i n t h e unc u t control plo t reac t ed di ffe r e ntly to the 
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FIGURE 7 COMBINED EFFECT OF PLANT SPACING AND 

CUTTING TREAT MENTS ON SEED YIELD PER 

UNIT AREA (KG/HA) 
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FIGURE 8 (OMB I NED EFFECT OF PLANT SPACING AND 

CUTTING TR EA TME NTS ON SEE D Y IE L D PER PLANT 
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interrelation ship between seed yield reduction and spacing 

c ompared with the cut plots. In the uncut control plot the 

61. 

seed yield per hectare obtained from the 30x30 cm . spacing was 

slightly higher than those f rom 20x20 c m. spacing bu t seed yield 

sharply dropped to 49 and 23 kg. when plants were grown at 15x15 

cm. and 10x 10 cm . spacings respectively . This s ho wed that the 

highe st yielding treatment outyielded the poorest one by 5 times 

in the control plot purely as a result of altering plant density 

per unit area . In the other 4 cutting treatments it appeared 

that the r ate of seed yield reduction affected by spacing was 

quite similar and tha t the difference between the highest and 

the lowest yielding treatments was about 3 times. Therefore it 

s eems that the effPCL of spacing on seed yield ~as more 

pronounced in the uncut plo t than in any 0f the cut treatments. 

See d y1e!d per plant. Yield per pla .t v3ried gre~tly depending 

on both plant ~pacing and cutting effecLs. Highest seed yield 

of 1.58 gm. per plant was obtained from the uncut control plot 

at a plant spac ing of 30x30 cm., loNest seed yield of .20 gm. 

per plant was obtained from the clobest spacing and the second 

low cut (latest cut, at ground level). Yield per plant again 

was found to be diffe ren t between the uncut and cut plots in 

relation to the spacing effect. 

In the c ontrol (uncut) plot, yield per plant increased 

with increasing spacing (Figure 8.). °£he rate of increase in 

seed yield was gradual fr)m 10x10 cm . spacing to 15x15 cm. 

spacing, rose sharpl y when plant s~acing was increased from 

15x15 cm. to 20x20 cm. and increased again when the interplant 

spacing was increased from 20x20 cm. to 30x30 cm. I n all cases 

cutting reduced seed yield per plant, later cuts showing a greater 

seed yield depr ess ion than e a r liPr cuts. Reduc tion in seed yield 



was also affected by the amount of re sidual st ubble remaining 

after cu tting , high cuts depress ing seed yield per plant less 

than low cuts. 
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Flowering pattern. Numbers of flowers per plant in each 

treatment were recorded begi r.n ing when sufficient number of 

flowers occure d. Results indicate that cutting had a profound 

b ear ing on the time of onset of flowering and on f owering 

intensity a s s hown in Figure 9. Both delays ir. cutting and 

lower cutting (at ground level) re sulted in later flowering of 

the crop e.g. the highest number of flowers recorded from the 

second low cut treatment (cu t late and at ground level) was 

during the second week of March while a similar point was 

reached as early as late January in the uncut control plot. It 

is likely that the depressing effect of cutting on flowering 

intensity seemed to be more pronounced in l~te rather than ear ly 

cut treatments and in the low cut rather than the high cut. As 

shown in Figure 9 . , the number of flo•ers per plant at each 

observation was lower in the cut plots than in the uncut control 

plot. Results also indicate that later dates of flo we ring 

shorten e d the duration of flowering. As a resu lt of a lower 

number of flowers recorde d at each observation and a shorter 

flowering period in th e cut plots, the mean number of total 

flowers per plant wer e 47 . 8, 22.9, 13 . 5, 20.1 and 9.3 in the 

control, FHC, FLC, SHC and SLC respectively (Appendix 17). 

Regarding the spacing effect on flowering pattern, the 

resul ts show that plants grown at the widest spacing (30x30 cm.) 

which had more re productive shoots and branches produced the 

grea te s t number of flowers per plant. In contrast to this, the 

lowest number of flowers per plant occurred at the closest 

spacing (10x10 cm.), due to a small plant size with lower numbers 
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of reproductive shoots. The mean number of total flo wers per 

plant obtained from plant spacings of 30x30 cm., 20x20 cm., 
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15x15 cm. and 10x10 cm. were 46.8, 34.2, 22.9 and 9.7 respectively 

(Appendix 1 7). 

Due to the delayed flowering period occurring in the cut 

plots, seeds in different cutting treatments were subjected to 

di f ferent clima tic conditions during seed ripening. Plants in 

the control plot ripened during hot and dry weather (maximum: 

minimum daily temperatures within the range 42°c:7°c respectively) 

( Appendices 23 and 25). Conversely seeds fr om late cut treatments 

(e.g. the second l ow cut) were ripening during cool and wet 

weather (maximum:minimum daily temperat ures within the range 

25°c:2°c respectively). These different environmental conditions 

during the seed ripening period resulted in differe nces in the 

amo unt of h a rd seed formed in seed harvested fr o m different 

treatments. For example a high percentag e of h a rd seed (87%) 

was fo und in the uncut control plot while lo wer percentages 

(56%-79%) were obtained when seeds from the cut plots were tested 

immediately after harvest. 

4. Mean Germination and Hard Seed Results from Storage Treatments 

Apart from the study of the effects of cutting and 

spacing on seed yiel d , additional tests were made on the effects 

of seed storage period on the level of hard seed content. The 

germination results obtained from seed samples harvested from 

different spacings of the same cutting treatment were similar. 

To analyse the data, the mean results of the 4 spacings were 

used . Results showing the mean values of seed germination and 

hard seed percentage obtained fol l o wing different storage 

periods are shown graphically in Figure 10 (individual treatments 

in Appendices 19 and 20) . Results indicate that a storage 
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period of up to 3 months under ambient temperature and relative 

humidity conditions had a significant effect on the reduction 

of hard seed content. Apparently there was an increase in the 

germination percentage as storage period increased. Mean 

germination results were 24%, 42% and 51% when seeds were 

tested at O weeks, 6 weeks and 12 weeks respectively. In 

contrast to this, the percentage of hard seed while initially 

high (mean value 71%) decreased as the storage period increased. 

The data shows a fall in the mean hard seed content to 43% when 

seeds were tested after 12 weeks storage. 

DISCUSSION 

1. Effect of Cutting on Seed Production 

A forage cut before allowing a lucerne crop to run to 

seed greatly reduced both seed yield per plant and per unit area. 

The deleterious effect of cutting on subsequent seed yield 

observed in this study was similar to that previously reported 

by Melton (1973). It also agrees with the findings of 

Abu-Shakra et al (1977) even though plants in the present study 

were only cut once i.e. at bud stage or at flowering stage. 

Results also support Hadfield's opinion (1952) that in the 

seedling year (year of plant establishment of both root and top 

growth), lucerne plants should not be cut if a subsequent seed 

crop is contemplated in the same year. 

Irrespective of cutting treatment, seed yield in the cut 

plots was mainly a product of reproductive shoots produced as 

regrowth of new buds and shoots arising from the crown. The time 

of cutting had a more pronounced effect on seed yield than 

cutting height. This may be due to the effect of environmental 

conditions. Time of cutting determined both the flowering time 

and flowering duration which in turn influenced the degree of 



successful pollination. A reduction of seed yield of 50/4 in 

the second cut compared with the firs t cut indicates the 

reduced yield potential of lucerne plants when cut at the full 

flowering stage. Plants in the cut plots particularly under 

la te cutting were subjected to unfavourable climatic cond itions 

for both flower production and pollination. The low production 

of flowers in the late cut treatment was possibly due to a 

photoperiod effect. The lucerne plant is classified as a long 

day plant which normally flo wers durin g a long day period as 

suggested by Thomas (1967) e.g. lucerne plant requires a 14 

hou r day to flower successfully (Massengale and Medlar 1958). 

In this experiment it was noted that the number of days taken 

from cutting to f lowering following a l~te herbage cut was 

approximately 4 -1 7 days less than for the flowering follow i ng 

an early cut and depending on cutting height. The reproducti ve 

g rowth may not have had sufficient time to reach its full 

pote~tial. ciubsequently there ftere fewer flo~ers produced per 

plant. 

Cutting lucerne depressed seed yield by reducing 

reproductive shoots p p r plant, percentage of shoots producing 

seed, number of flowers, clusters, pods and seeds per plant and 

1000 seed weight. 

Cutting seemed to s timulate the prod uction of vegetative 

shoots by removal of reproductive shoots and hence the 

reproduct ive stim ulus, throwing the plant back into vegetative 

shoot production. The small variation of reporductive shoots 

and a marked difference in seed yield found between the control 

plot and the cut treatments indicated that cutting may have 

weakened the plant or depressed the yield capacity of each shoot. 

Even though the number of seeds or flowers per shoot was not 
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recorded, the stems of plants in the u n cut control plot carried 

more branches and flowers when compared with those in cut plots . 

Generally t h e percentag e of flowers set ting s eed found 

in this experiment was rathe r high (37 -76~) when compared to 

the resul ts of Palmer - Jones and Forster (1965) who reported 

avera ge pollination results of lucerne c r ops gr own in New 6ealand 

(North Canterbur y, North Otago, Central Otago an d the Blenheim 

district) as approximately 10~. Pollination did not seem to be 

a big problem in the production of seed in this expe riment, 

the number of visiting honey bees from the 12 hives loca t ed 

within ~uO metres being sufficient for such a small lucerne 

planting area. It was expected that the leaf cutter bee 

(Mesac hile ~.) would be the most successful pollinator of 

lucerne and one bee hive consi~tine of approximately 2500 cells 

was placed in the field prior to the blooming s tage of tht 

crop . Observations during this stage suggest d that the 

majority of visiting bees were honey bees (Apis ~-), both 

bumble bee~ (Bombus terrestris) and leaf cutter bees being far 

less frequently observed to be working the crop . It soon 

became evident that leaf cutter bees favoured lotus flowers to 

lucerne flowers as they preferentually visited volunteer lotus 

plants growi ng adjacent to the experimental area in large 

numbers . Th erefore it is unlikely that leaf cutter bees were 

responsible for succes s fully pollinating many of the lucerne 

flowers in the t r ial area. One other reason for this suggestion 

is that heavy c oncentrations of honey bees may have resulted in 

c ompe t itive exclusion of leaf cutte r bees from the experimental 

area . Such an effect has been previously suggested by Bohart 

et al (1955) , cited by Fre e (1970). This suggests that if it 

is desirable to ensure that leaf cutter bees work efficiently 



in lucerne f ields, it c ould be advantageous if the planting 

area is located some considerable distance from honey bee hi ves . 

Re d ucing the extent of competing blooms i n areas adjacent to 

the lucerne field during blooming period is an other way of 

increasing lucerne pollination efficiency as suggested by 

Va nsell and Todd (1946) , Bohart (1957), Todd and Crawford ( 1962) 

and Free (1970). 

Low seed yield in late cut plots wa s caused by both a 

low percentage of seed set and lo wer numbers of flowers making 

plants less attrac ti ve to bee visitation . Also the cold and 

mois t weather during flo~ering may have influenced the flying 

hours of bees a s previously suggested by Tysdal (1940). 

Therefo r e a suitable time for cutting irre s pective of flower 

production and pollination r esults needs to be considered if a 

high seed production is re quired. Tne percentage of flowers 

setting se ed was quite high in the c ontrol plot where f lo~ering 

occurre d in January. Results suggest the hot and dry climatic 

conditions in the month of January in 1978 were fav o urable for 

bee activity in the Manawatu area. This effect seems to agree 

with statements o f farmers in the Blenheim area, that in some 

years seed yields of lucerne is high when plants were cut in 

December. 

The differences in seed yield between plots cut high or 

low at the bud stage of de velopment and subsequently allowed to 

r un to seed indicates the influence of stubble height on 

subsequent seed yield. The seed yield potential from low cut 

plots was more depressed than the high cut. Ther e seem to be 

two possi ble factors involved. The first is the potential 

amount of reproductive shoots already present at cutting. The 

other is potential for subsequent regrowth of new buds and 
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sh oots. The size and number of buds and shoots occurring at the 

crown of the plant before flowering suggests that with cutting 

at a heigh t of 7. 5 cm . at the bud stage, t he material removed 

consists mainly of mature vegetative and reproductive shoots. 

By contrast cutting to ground level at this stage also removes 

some of the new basal shoots , with resultant reduction in 

recovery pote n tial. 

Apart fr o m the effect of reduction in yield potential 

removed at the time of cutting, obse r vation indicates that plants 

in the high cut plots resumed growth faster than those in low 

cut plots. This wa s shown by the fact that fl owering in the 

f ir st high cut plot c omm en c ed 2 weeks earlier than the flowering 

of regro wth fr o m the corresponding low cut plots . Rate of 

plant grow th was more vigo urous when a st ubble height of 7.5 cm. 

was left ra ther than when cutting height was reduced to 1 cm. 

from the ground. Le~ving a high stubble height at cutting seems 

t o be of advantage in connection with the amount of residuLl 

leaf or leaf are a index. fhis enables plants to r esume ;: rowth 

faster than when all lea ves are removed by cutting as reported 

by Cowett and Sprague (1962). The other advantage of leaving 

a high stubble is that it provides more available sites f o r the 

initiation of reproductive shoots and hence large number of 

flowers per plant. This is in agreement with the work of Cowett 

and Sprague (1962) and the findings of Shakenov (1970) that 

reproduct ive shoots were produced mainly from the axillary buds. 

However, no appreciable difference in seed yield between the 

second low cut and second high cut may be due to the relatively 

low yielding recovery potential of plants as a result of being 

cut late and then subjected to unfavourable environmental 

conditions for growth . 



A reduction in the number of pods, clusters and seeds 

per plant due to a decrease in the nu~ber of flowers per plant 

and a low percentag e seed set was the major deleterous 

influence o f cutting on subsequent seed yield . This supports 

the results of Melton (1973) and Abu-Shakra ~ al (1977) that 

cutting reduces the number f pods and seeds per plant. 
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The reduction in 1000 seed weight as a result of cutting 

observe d in this experiment agrees with the results of Ri ncker 

!.! al (1977) with red clover. However, seed weight does not 

seem to be such an important factor governing seed yield as 

seed numbers per plant. 

The consistency in the number of pods per cluster found 

in this experiment does not agree with work by Melton (1 73) who 

recorded a r ed uction in this yield co mponent when plants were 

subjected to 3-4 forage cuts before r unnin g to seed. The 

differine results may be due to the plant weaken · ng effect of 

forage cutting which resul ts i lower numbers of florets per 

flower and possibly a lower percentctge seed set. This effect 

is unlikely to be so i~portant in the situation where the lucerne 

crop is cut for forage only ~nee before R seed crop. 

In the present study the number of seeds per pod was not 

affected by cutt in g treatments. This agrees with the results 

of ~elton (1973). 

2 . Effect of Spacing on Seed Yield 

It is generally accepted that see d yield per unit area 

is a function of the production of seed yield per plant and the 

number of plants in that area. Plant density has been shown to 

have a marked influence on plant behaviour and finally seed 

y i e ld p e r p l an t. ~hen study i ng the effect of plan t density on 

see d yield, the understandin g o f plant c ompetition is o f prime 
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importance. The micro-environment around each plant is known 

to be altered when there is a change in plant density as reported 

by Donald (1963). 

Results from this study indicate that wide spacing 

favours high seed yield per plan t . The results are therefore in 

agreement wi th tho se of lithers (1975) on lupin. When lucerne 

plan t s were grown individually at a 30x30 cm. spacing it is 

likely tha t no inter-c ompetition oc curred after sowing. As a 

result plan ts were taller and expanded in size by developing 

more branches, shoots flowers and seeds. In contrast to this, 

plants grown in a more dense population or close spacing 

(par ticularly at the spacing of 10x10 cm. ) were subjec ted to 

intense in t erplant com petition immediately af ter sow ing. At the 

10x10 cm . spacing plants were so close t ogether that each 

individual plant did not have enough space to fully develop its 

plant parts successf11lly. In such situations plants were 

relatively small, spindly and were quickly exhibiting signs of 

low vigour due to inter-plant competition . 

~ ith regard to seed producti 0n per unit area, it is of 

particular interest that plants in cut plots and the uncut 

( c ontrol) plot responded differen tly to changes in plant densities. 

In the control plot where c u tting was not imposed, plants grown at 

a spac·ng of 20x20 cm. gave the highest yield per unit area whereas 

in the cut plots, a spacing of 30x30 cm. between plants resulted 

in highest seed yield . Results indicate that there was a slight 

dec rease in seed yield per plant when lucerne plants were grown 

at a 20x20 cm. spacing c om pared to those grown at n 30x30 cm. 

spacing . However the differe nc es in the number of plants pe r 

sq. metre between these t wo spacings was great . Therefore , 

the lower seed yield per unit area obtained from a 30x30 cm. 
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plant spacing was mainly due to a lower plant density effect. 

Th e results found in this study, therefore suggest that an 

inc re ase in seed yield per plant from widely spaced plants 

(30x30 cm.) was insufficient to compensate for the decrease in 

low numbers of plants in unit area . The same relationship 

between seed yield per unit area and plant density h~s been 

previously observed in subterranean clover and wimmera ryegrass 

by Donald (1954), in sorghum by Grime and ~usick (1960); in 

corn by Prime and Schroder (1964); and in lucerne by Abu-Shakra 

et al (1969), Antoniani (1971) and Ibraimov (1973). At high 

plant densities (1:4-100 plants per sq. metre), the increase 1.n 

plant number per unit area was insufficient to compensate for 

the red~ction of seed yield produceJ by poor !ndividual plants. 

1,p,.rt from low seed yiel pE:r plant, stalk bari·enPsS (non-

·1owering stems) Na5 a main characteristic and a disddvanta~e 

of the dense population. This latter aspect s~pports the 

results of Jonald (195~) on wimmera ryegrass, Jiesbrech ~1969) 

and Center and Camp•ir (1970) on corn. 

The optimum plant spacing to give optimum seed yield 

in this trial, particul~rly when lucerne plants had not bee~ cut 

before producing seed crop, seems to be closer than those found 

by many researchers (Beran (1966), Abu-~hnkra et al (1969), 

Antoniani (1971), Ibraimov (1973) and Mozhaev and Luzko (1975) ), 

who recorded an opt imum row spacing of 45-60 cm . apart. The 

difference between these results might lie in the fact that in 

this trial the seed yield data was obtained in the first year 

following sowing . Lucerne seed producers generally state that 

old lucerne stands often yield more seed than new stands. This 

may be partly due to insufficient time for full plant development 

in the sowing year. It may also be a reflection of reduced plant 
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density in stands used for seed production in subsequent years . 

It is also likely that different cultivars of lucerne 

need to be grown at different spacings to give maximum seed 

yield. Zambrana (1 973) reported that the optimum spacing to 

give maximum seed yield of cv . Gilboa and cv. Galilee were 3Ox3O 

cm. and 2Ox2O cm . respe c tively. The the present experiment 

lucerne cv. "airau gave a maximum seed yield per unit area when 

grown at a spacing of 2Ox20 cm. in the seeding year provided 

plants wer e not cut for herbage before producing a seed crop. 

As discussed in the previous section, plant density 

has a great influence on plant behaviour. Consequently many 

researchers have found that seed yield components of certain 

spP.cies vary with change s in plant density. Gene rally, it might 

be expected in the legume family that t he number of flowers, 

pods and eeds per plant are the most important yield comp0n cnts 

contributing to seed yield . However, it should also be borne 

in c,i~d that the number of flowers are d~termined by the number 

of reproductive shoots. These are infl1Jenced by stand density 

and also by climatic and management f~ctors, many of which are 

not fully unders tood. 

The result of the relationship between the number of 

shoots and plant density found in this experiment supports the 

findings of Abu-Shakra et al (1969) and Dovrat ~ al (1975) that 

plants grown in wide spacings produced more shoots and branches 

than those grown at closer spacings . The most important point 

to emerge from the plant spacing effect was that spacing caused 

effects unlike cutting which had no influence on the percentage 

of shoots which became reproductive. It was evident that 

plants in each spacing produced the same ratio of vegetative 

and reproductive stems al t hough the total shoot numbers per 



p l an t was r e duced by plant spacing. The important feature of 

the close spacing wa s to depress both the total number of 

vegetative and r eproductive shoots. This characteristic has 

been regarded as a main disadvantage o f high plant density. 
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I t has be en suggested by Thomas (1967) that seed yield 

capacity of the lucerne plant is dependent on the initiation 

and development of flower primodia, satisfactory pollination 

mechan ism s and agents, fertilization and seed development. The 

result of the curren t study agrees closely with this sta tement. 

Appa rently, besides the number of reproductive shoots produced, 

the number of flowers per plant and percentage of flowers 

setting seed s eems to be fundamental factors governing seed 

yield. 

In relation to flower production Dona ld (1954) claimed 

that the sparse plant of wimmera ryegrass grown at a wide 

spacing produced more flowers per pl ~nt. A similar result ~ith 

lucerne was observed in this study. Plant s in all spacings of 

the same treatment commenced flowering at the same time. 1his 

i ndicates that flowering time of lucerne grown in this trial 

was not a ffected by spacing tre atment unlike the finding of 

~ambrana (1973) that flowering time in lucerne was delayed 

when plants were grown at a high population density. 

With respect to the percenta ge of flowers setting pods, 

there was a trend that plants in the widest spacing had a 

higher percentage of pod set than those grown at close spacings. 

These results are in close agreement with Zaleski (1963) and 

Pedersen and McAllister (1955 ) as quoted by Wynn-Williams and 

Palmer (1974). One explanation for this might be that plants 

growing at wide spacings are more attractive to bees perhaps 

because such plants produced flo wers wi th more nectar and h igh 



76. 

suga r concentration. 

Cooper!! al (1937) reported that an average 9.3 ovules 

per flo wer are normally found in luc e rne. The percentag e of 

seed set reported by Knowles (1 943) is approximately 1.65 and 

4.60 se e ds per pod for self-polli na t ed and crossed-pollinute d 

lucerne respectively while Dovrat ~ a l (1960) reported t ha t 

the number of seeds per pod in lucerne r ange d from 4,4 - 6.3 

depending on growing season . In the present experiment, a lthough 

the number o f ovules per flower was not dete rmined, the n umber 

of seeds formed per p od recorded at harves t ranged from 1.9 - 11.4. 

The higher numbers of seeds per pod found i n t he close spa cing 

in the present trial was possib l y due to t h e fact that plants 

in the close spa cing prod uced fewer flo wer s a nd a lower 

pe r c e nt a ge of pod se t. As a re sult o f few po d s pe r plant a nd 

few p < ds per clu s ter, intra-pod com pe titi on sho uld be reduce d, 

allo wing the pro du c tion of higher number of s e ed s per pod . 

This result h o wev er do es no t 4 gre e wi t h t he f indings of llodgson 

and Blac kman ( 1956) i n b eans. Ne ve rth eless , t he n umbe r o f seeds 

pe pod is not re ga rde d as a i mport a n t seed yie ld co mponent 

g ov e r n i ng ultima te se e d yield i n lu cer ne. 

Individual plan t s from wide spa cin gs prod uc e d hi5her 

numbers of pods and seeds than plants fro m c l ose spacings. 

This agrees with the result of Beran (1966) on lucerne and is 

apparently true for other species s~ch a s s u bterranean clover 

(Donald 1954), lupin ( Withers 1975), Vicia faba (Bennett e t al 

1977) and also with members of the grass family such as Lol i um 

(Donald 1954), and sorghum (Stickler and Nearden 1965). It is 

also interesting to note that varia tions in the number of pods 

per plant in this experiment has been shown to be almost 

entirely due to the eff e ct of different plant spacings. 



Plants in the wide spacings resulted in heavier seed 

than those grown at close spacings. The same trend has 

previously been observed in soybean by Reiss and Sherwood· 

(1965) and Lehman and Lambert (1960). Nevertheless, the 

findings in this experiment contrasts markedly with Donald's 

(1963) work where he reported that Lolium and Trifolium seeds 

became smaller when grown at wider plant spacings. Donald 

suggested that the possible explanation may be that, this is a 

result of intra-seed competition during seed development. This 

situation is unlikely to occur in the case of lucerne since 

pollination is still a limiting factor to the amount of seed 

produced. These results however do not agree with work reported 

by Hodgson and Blackman (1956) in which they did not find any 

changes in seed weight in Vicia ~ grown at different plant 

spacings. 

Following consideration of all seed yield components, 

it appears that little compensation between seed yield components 

such as number of pods or seeds per unit area and number of pods 

per plant, exists in this species where there is a change in 

plant density. However there is a variation in seed yield per 

unit area with changes in plant population. 

It was also noted in the present study that a plant 

spacing of 20x20 cm. was the minimum spacing suitable when work 

such as thinning, weeding and harvesting were done by hand. The 

wide spacing of 30x30 cm. seems to be conducive to greater weed 

infestation than when plants are grown at a closer spacing. 

3. Effect of Harvesting Time on Germination and Hard Seed 

Percentage 

Both time and height of cutting altered the time and 

duration of flowering in lucerne. Plants in each treatment 



(contro l, FHC, FLC SHC and SLC) were pollinated at different 

times and were thereby subjected to different environmental 

conditions during seed development . Results show that time of 

harvesting had a s i gnificant effect on both germinat ion and 
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hard seed percentage . The control (uncut) plot gave the highest 

percentage of hard seed (87%). A decrease in the h a rd seed 

percentage occurred in all other treatment s . Di ffer ences in 

the percen tag e of h a r d seed seem to be due to an envi ronmental 

effect. The r ipening of seeds from the control plot oc curred 

dur ing the period from 10 March to 15 April, when weather 

conditions were hot and dry. The delayed flower ing im posed by 

cutting treatments resulted in plants flow e ring under 

progressively cooler and moister environm 2n tal conditions. 

Such conditions re ulted in protracted seed development. ~uch 

situations stress the need to grow lucerne for seed production 

in areas which have reliably warm and dry weather extendi n~ 

into the autumn, partic1ilarly if lucerne seed productio~ occurs 

under a cu t ting and see ding type of man~gement system . Under 

the coo l and wet conditions o ccurring during later stages of 

seed development and ripening some spr . uting of seed in the pod 

was commonly observed. This result agrees with the findincs 

of Hyde (1954) , Abu-Shakra (1969), Pacuta (1976) and Jin Pe 

(pers. comm. 1967) that dry conditions during seed development 

(ripening stage) result in a high percentage of hard seededness, 

while cool, wet conditions not only reduce the level of had 

seededness but may als o result in seed sprouting prior to 

harvest. 

4. Effect of Storage Period on Germination and Hard Seed 

Percentage 

Mean germination results of hand harvested lucerne seed 



significantly increased after storage for 6 weeks and 12 weeks 

respective ly. Hard seed percentage dropped from 71 % at the 
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time of harvest to 43h after storage for 12 weeks. This decrease 

of hard seed content is of significance, indicating the marked 

effect of temperature and relative hum idi ty (in the range of 

11°-24°c and 43%-72/4 RH respectively) on the softening of the 

seed with time. These results appear similar to previous 

findings with subterranean clover, that the daily temperature 

cycle (~uinlivan 1965 ) and fluct ua tions in soil temperature 

(Hagon 1971) are important in the breakdown of hard-ssededness 

in legume seeds. Hago n (1971) furt her suggested with 

s ubterranean clover that under natural conditions fluctuat ions 

in soil te mperature cause expansion and contraction of trP. seed 

co~t causing softening due to fracturing of the testa at the 

strophiole site. Possibly a similar effect occurs with lucerne. 

It is probable that under field conditions when seeds are buried 

in soil, the role of r elative humidity and moisture is involved 

alon g with soil temperature in assisLing the softening of hard 

seed. It is reasonable to assume that fluctuations in both 

relative humidity and temperatures a ccelerate Lhe rate of 

expansion and contraction and finally fractur ing of the seedcoat. 

Satisfactory laboratory ge rmination results (over 95i) when 

lucerne seeds were tested foll owing mechanical scarification 

(up to 15 psi for 1 minute) implies that the hard seed condition 

in this variety of lucerne is a shallow type, which is easily 

removed. Results also suggest that the seeds of lucerne used 

in this study do not have a prolonged period of dormancy. 

CONCLUSION 

The c apacity of lucerne plants to produce maximal seed 

yield is directly associated with the number of reproductive 



s ho o t s , branche s , f lower s per plant and percentage s ee d set 

r e sulting i n high numbe r s of pods and seeds per plant. These 

components o f s e ed yield are greatly affected by cutting and 

spacing treatments. To obtain high seed yield of lucerne, the 

~rope r spacing and cutting management is of prime importance. 

W{de plant spacings favour high seed yield . Seed 

yield per unit area depends mainly on seed yield per plant but 

is also affected by the number of plants per unit area. To 

produce seed successfully luc e rne plants must be grown at wide 

spacings to obtain vigourous plants . Such plants tend to 

develop more reproductive shoots, flowers, pods, seeds and 

heavi e r seeds and also appear to be amenable to higher levels 

of pollination . There is apparently nothi ng to be gained in 
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the production of ucerne seed by using sowing rates which lead 

to high densities (4h -100 plants per sq, metre), since close 

spacing results in lar ge number of small plants wi th a low 

seed yield potential and a lso many barren (non-flowering) 

plants. To maximise seed production in the luccrne cultivar 

",Vairau" plants should be grown at a wide spacing of approximately 

11-25 plant s per sq. metre . 

Cutting weakens the plant and severely depresses 

reproductive sti~ulus particularly in the case of low cuts 

(1 cm. abo v e the ground). This is reflected in the development 

of fewer reproductive shoots, pods and seeds per plant. The 

results of cutting treatmen t s suggest that lucerne plants in 

t he seedling year should not be cut at all if maximum seed 

yield s are req u i red . In a situation where hay production is 

ne c essary pr ior t o seed pro duc tion results indicate that cutting 

l ucerne ear l y (at or befor e the b ud stage) and a t a he ight of 

7 .5 c m. cause s les s de pre s sion on plant reco v ery and ult imate 
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seed yield. Cutting delays flowering and plants may be 

therefore subjected to less favourable environmental conditions 

d uring pollinatio~ and seed development. Cutting lucerne at 

the right time to allow flowering to occur during a time of 

the year when hot, dry weather is most likely, should be one 

of the aims to produce high seed yi e lds. 

To obtain a better understanding of the effect of 

spacing and cutting on lucerne seed yield, further experiments 

should be carried out on established lucerne stands after the 

seeding year . It would be expected that optimum spacings for 

maximum seed yield might well differ from those found in the 

present study in the year of establishment. 
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4. SEED DEVELOPMENT 

INTRODUCTION 

Most res earchers agre e that seed development is concerned 

with those processes and stages occurring during the period from 

p~llination until the seed is fully formed and ready for harvest. 

This development is accompanied by physiological changes in seed 

moisture content, seed weight, germination capacity and chemical 

changes in biochemical substances. fhe ~ost important aspects 

of seed development which contribute a great deal to yield at 

the time of harvesting are seed maturity and ripeness. Several 

studies have been undertaken to determine the stage of maturity 

and ripeness of different crops in order to guide seed growers 

in deciding when crops are at the correct stage for harves t and 

therefore to obtain maxim um quality and qua n tity seed crovs 

(Hyde (1950) , Shaw and Loomis (1950), Anderson (1954) , Hyde 

et al (1959) , Stoddart (1964a and 196 11b) and Hill (1971)) 

However, less is kn o wn about seed development of lucerne. 

A parently little published data has been reported on the length 

0f time required from pollination until seed maturity or ripe n ess 

under field conditions in this species. The objective of the 

present investigation was to study changes in moisture content, 

fresh weight and dry weight of lucerne during seed development. 

In addition the relatio ~sh ip between stages of seed development 

and seed quality including germination capacity and the 

percentage of hard seed was also investigated. 

LIT£RATURE REVIEW 

It is necessary to clarify the terms "maturity" and 

"ripeness" since t hey are considered an important feature in 

seed development studies. The point at hich maximum dry weight 

is first obtained is defined as "morphological maturity" 



(Anderson 1954) or as "physiological maturity " (Shaw and Lo omis 

1950). Commonly however, researchers simply use the word 

"ma turity" to desc r ibe the po i nt at which maximum dry weight is 

first obtained. The ripening stage refers to a stage occurring 

fr om s eed maturity until the seed has dried to a mois ure 

content in equ ilibrium with am b ient relative humidity (Hyde et al 

195 9) or to a moisture content that is suitable for har vesting 

(Hill 1971 ). 

Careful studies on seed development of white clover, 

red clover an d perennial ryegrass (Hyde 1950, Hyde et al 1959) 

have provided a very g)od guide for later researchers. These 

studies ha ve shown that both grass and legume species follow 

the same pa t t e rn in three major stages of seed development. The 

first or growth stage occupies the first 10 days after flowering 

durin g which time the r~te of growth is rapid (determined by 

cell division in the embryo and seedcoat) and the moisture 

content is high (75-80i of wet weignt). The food res erve 

accumulat ion stage follows during which the rate of grow t h is 

determined by the rat e at which food m~terials are transferred 

from the parent plant for accumulation i n the devel oping seed . 

Dur ing this stabe seed weight increases, reachi1g a maximu~ by 

the end of the stage which lasts for 10-14 days. Moisture 

con tent decreases to approximately 4o·~. The ripening stage 

normally lasts for 3-7 days . This final stag e involves a fall 

in moisture content from about 40~ to equilibrium with the 

surrounding atmosphere. It is expected that the same pattern 

of seed deve lo pment could be applied to most species but the 

duration of time occupied by each stage may vary with both the 

specie s and seasonal conditions . 

Changes in moisture content, seed weight , biochemical 
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substances, pod or seed colour and germination capacity during 

seed development of some agricultural species are of particular 

importance. Previous work often shows a close relationship 

between seed maturity and changes in these parameters . 

1. Moisture Content 

A good relationship between stages of seed development 

and seed moisture content has been reported by a number of 

investigators (Hyde (1950), Grabe (1956), Griffifth ~ al (1967) 

and Hill (1971) ). Generally, high mois ture content (70-80 1 ) is 

a characteristic of young seed in the early stages of seed 

de velopment . This decreases as seeds go into an advanced or 

ripening stage of development. The convenience of assessmen t 

of moisture content renders it a desirable and widely used method 

among farmers for determining seed maturity and correct harvesting 

time of crops . For instance, brome grass has been reported to be 

mature at a moisture content of 47% (Grabe 1956); and white 

clover at 63 , (Hyde 1950). However, when using moisture content 

as a guide for maturity or harvesti ng Griffifth ~ al (1967) 

and Hill (1971) agree that there are two aspects which farmers 

sh o uld be aware of - the relationsh ip between moisture content 

and the percentage of seed viability may vary with growing 

season an d also precipitation may alter the values obtained. 

2. Seed Weight 

The fresh weight of individual seeds increases with an 

increase in seed age (number of days after pollination) reaching 

a maximum at the time of seed maturity. After this point seed 

fresh weight decreases as the seed loses moisture until it 

reaches equilibrium with the ambient air relative humidity. 

However, the dry weight of individual seeds seems to be widely 

used among researchers to monitor seed development. For example, 



an investigation by Ch o w and Crowder ( 1 974) on Desmodium 

species shows that a max imum s eed weight (maturity) is gained 

in thi species about 28 days after floweri ne . Sin ce t here is 

ofte n a good correlation bet we en s eed weight and the number o f 

days afte r po l lination, so me resea rchers determine seed maturi ty 

and harvesting time in terms of this criter ion . Al -Tikirty 

et al (1974) reported tha t the mean number of days re q u ired 

from po llination to seed maturity in crownvetch (Coronilla 

varia) ranged from 59 . 3 days for plants po lli nat ed on July 15, 

1969 , but only 45.7 days for those pollinated on August, 1970 . 

They explained that thi s difference of 14 days in t h e seed 

development period was due to differing e nv ironmental conditions, 

par t ic ularly rainfall and low tem peratures . 

3. Biochemical Changes 

The c hemical constituents of seeds are mainly 

genetically controlled but may also vary with environmental 

conditions . Besides the normal constituents which are commonly 

found in ordinary pl~nt tissues, there ar storage materials 

which are mostly found in seed . Carbohydrates, lipids and 

proteins are the three major seed constituents. Carbohydrates 

are mainly s tarc h and hernicellulose, legu~e seed s generally 

c ontaining more of the former than the l atter . Lipids in seed 

can be in the form of either fats or oils. Protein in seed is 

different from other seed const ituents because it is 

characterized by a hi gh nitrogen content and most prote ins are 

metabolically active ( Mayer and Poljakoff-Maber 1975). 

During food reserve accumulation, a large quantity of 

c a rbohydrate, free sugar and amino acids are translocated to 

the seed. In grass species the le vel o f both total soluble 

sugars and amino acids rises sharply during the f irst phase of 



seed deve lo pment, dec r e a sing gradua lly t her ea f t e r a nd bec oming 

s tab l e at the po in t o f ha rve st ing. There fo re sta ble l evels of 

the se compounds can pro vid e a go od i nd i ca t ion of phy s i o logi cal 

ripeness (Stoddart 1964a and 1~6Lb, Griffifth et al 1967) . 

4. Co l our Change s 

86 . 

There i3 a good correlation between the stage of seed 

de ve l opment and colour changes in the pod, secd c oat, pericar p 

a nd g umes (Hyde~ al (195';) , Griff1;r.h et al ( 1 967) and Hill 

1971) ). M0re studies on this aspect ha ve been car ried out f or 

grass species, leRG being known abou t such ch.-inees 1n 1.ep; 1; rnes, 

p3rticul'J~ly in tte ca3e of l ucerne . Accord i ng to Griffifth 

et bl (19~7) colJur changes i n pere n nial ryegrass during seed 

devclof,'i1en t is main' y due to variations in ct1lor·Jphyl 1 ai-.1.i 

unt:io -: ya.•-!i:1 co!1tent. :iyne ~ u.l (195 1}) 5ufrncsted that n;e cnset 

of colour changes starts et the second st~~~ of seed development 

before SQed is mature anrl he nce is a ~ign of approach i ng 

maturity. Young red clover seeds are licht gr~en in colour 

and become yellow or co_oured with red or purple pigments when 

they are we~l developed (![yde et al (1 ~~59) ) . In ,, h i s specie::; 

t hey f ou d that colour c hanges begin about 1b days af t er flowering 

and a r e complet ed abou t 24 day s after flowering . Howev er , t he 

e vidence found b y Hy de e t al (1959) a nd .S t oddart (1 96 4c) t ha t 

i r. some y ears seedcoat of gr a ss s e ed was still green a t maturity 

s uggests that colour changes alone c a nnot alwa ys be used a s a 

reliab le indicator for seed maturity. The more recent findings 

of Hill (1971) t hat changes in seed col our are affected by 

environmental conditions during seed development i . e. loss of 

greeness in grass s e ed wa s quicker under hot conditions 

than under humid conditions, lends strong support to th e a bove 

statement. 



5 . Viabili t y of Seed 

Ac c or d ing t o Hyde et al (1959), see ds of most species 

have the ability to germinate at the beginning of the food 

r eserve ac c umulation stage. They reported that white clover 

seed was first found to be viable 12 days after pol lination . 

Subsequen t ly there was a rapid increase in viability and 100~ 

of the s eeds were viable when harvested 14 days after 

pollination . On e of the char acteristics of legume seeds to be 

noted is the development of hard seed . It has been reported 

that hard seed formation first appears in red clover and white 

clover 1L1 days after pollination (Hyde et al 1959), and 17 day s 

after pollinatio n for Desmodium (Chow and Crowder 1974) . The 

number of har d seeds formed increases with seed age, risi ng to 

a maximum 25 days after pollination for white clover (Hyde 1950) 

and 24 days after pollinati on for Desmod ium (Chow and Cr owder 

1 974). 

6 . Zffect of Seed Age on Seedljng Performance 

Th e most valuable property of agricultural seed is the 

ab ility to maintain a high germi na tio n capacity during storage 

and to produce vigourous seedlings in the field. Studies on 

seed development of most plant species show that maximum 

viability of seed can be obtained before maturity. However if 

seeds have to be stored for any length of time before sowing or 

to ensure the production of vigourous seedlings, it is necessary 

that seeds be harvested after maturity. Matur e seed contains 

more food reserves than immature seed, hence it can retain 

g ermination capacity for a l onger period. In relation to this, 

Hyde (1950) reported tha t wh i te clo ver seed 13 and 24 days old 

showe d germination percentage s o f 5% and 79~ re spectively aft e r 

stora ge u n de r u n fav o urable conditions at 99°F a nd 70~ RH for 



one month. Irrespective of seedling vigour he also noted that 

immature white clover seeds produced smaller seedlings than 

mature seeds. Wh en seeds were sown at a de pth of 4 cm. he 

reported that 37% of seedl in gs (from 2L day old seeds ) 

penetrate d t hro ugh t his depth while none of the seed removed 

f rom plants 12 or 14 days afte r pollination were unable to 

emerge from this depth. 

7. Hard Seed 

88. 

Ac cording to Hyde ( 1954) the word "hard seed" refers to 

seed which fa i l s to imbibe wa ter within a standard testing 

period. Mayer and Shain (1974) suggested that the hard seedcoat 

affec ts germination by providing an i mperme~ble layer to water, 

interfering with var ious processes such as gaseous exchange and 

obstructing the d iffusion of endogenous germinat ion inhibitors. 

The inabili ty of seed to germ i nate seems to have more 

disadvantages in farm practice than advantages, p · r icularly 

when it causes uneven germ ination a n subsequent seed crop 

contamination. The condition of hard - seededness is a 

characteristic of the ripe seed of the majority of leguminous 

species, especially the small seeded legumes , and also occurs 

in some other plant fam i lie s e.g. Malvaceae, Connaceae, Geraniaceae 

Chenopodiaceae, Convallariaceae, Convolvulaceae , and Solanaceae 

(Crocker and Barton (1953). 

Hard-seededness has been shown in some instances to be 

a genetic factor but the effect of environmental conditions on 

the plant during seed development also influences the level of 

hard seed content in seed lo ts (Nutile and Nutile (1947), 

Moor l ey (1958) and Mayer and Shain (1974) ) . The extent to which 

hard seed oc urs var ies with species, site of plantation an d 

growing season. Abu-Shakra et al (1 969) and Pacuta (1976) 



reported that higher percentages o f har d se ed i n lucerne are 

found in seeds developed under dry conditions than wet co nditions. 

The occurrence of hard seed co n t en t i n c o mme r cially har vested 

s eed lots in lucerne ma y vary within th e r a n g e 5-65~ compa r e d 

with 20-100~ fo r h a nd threshed seed (Bo l to n 1962). 

Th e f inding s of Hyde (1954 ) t hrows c onsiderable l igh t 

on t he mechanism of hard seed deve l opment. They indica te d t ha t 

t h e onset of hard-seed e dness in some Pap i lio na ceae begins during 

the ripening stage. As the seed drie s , ne a rl y 90~ of th e 

moi s ture in the s eed pa s ses out t h ro ugh th e pal isade epid e rmis 

and its cavity c u ticle. Permeab ility d e c r e ases whe n the s ee d 

moisture content i s a p prox imately 25 /4 a nd the seedcoa t be come s 

im pe rmeab le a t 14~ mo i s t u r e conten t . Further l oss o f wat~r is 

thro ugh the hilum whic h i s a one way v~l v e , o pening or c losi n g 

acc ording to di f fe renc e s in mo i s t ure t ension betwe e n t he counter 

palisade a nd the epide rm is cell s. There was some confusion in 

t he past ab o u t t he c auses o f se edcoat imperm?ability. It h3s 

long been k nown that the mal p "ghian or pa l isade l ayers obstruct 

the inward pas s age of water (Hamley (1932) and Mar t in and~ tt 

(19 4u ) ). Re c ent work by Ballard (1975): owever has also shown 

that t he s uberized regions o f malpigian cells ,ersist well 

b e lo w t he li ght line t o d e ep levels and are the main barrier to 

wate r en t r y . 

The c o ndit ion of hard - seededness can be removed by 

several means, thereby ena bling normal germi nat ion to oc c ur. 

Un der fie l d condit i ons the da i l y t empera tur e cycle i s a 

causative agent in softening imper meable seed ( ~ uinlivan (1965 ) 

and Hagon (1971) ) . The same role of temperature in r e ducing 

h a rd-seededness might be expected to operate under storage 

conditions since the air relative humidity during storage also 



pla ys an important role on breaking hard-see de dnesa . Nu tile 

and Nutile (1947) and Owen (1956) agre e tha t hard seed in 
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certain species can be r e ndered pe rm eab l e a t wi ll by i nc reasi ng 

th e s eed moisture content by storage und e r high r e l at ive 

h umid i ty conditions. 

RESU LTS 

Mean va lues of c h ange s in t he physi o logical componen t s 

fre sh weigh t (FW ) , dry weight ( DN), wei ght of mo isture (M) an d 

mois t ure pe r c entage at dif ferent s e ed age s are graphically 

s hown in F i gure 11. 

1. Fresh We i gh t (FN) 

Te n da ys af t er po ll ina t ion , FN of ind i vidual seeds was 

as lo~ as . 23 mg . (8% of f inal value) . Fr om this po int, seed 

weigh t i n c r ea s e d markedly du r ing the period 10-22 days after 

po llination . Fw of individual seeds was • 113 gm. when harvested 

13 days after pollination and . 91 mg . 16 days after pollinatiod . 

At th e 22
nd 

day, F~ had reac h e d 2.79 mg. (Appendix 21). From 

the pe r iod o f 23 - 40 days af te r pollination, ther e was a more 

gradual inc r ease when compared t o the period up to 22 days. 

Max imum i n di vid ua l s eed f r e sh weigh t of 4 . 5 mg. was attained 

4 0 day s a f t er pollina tion . Fol lowing this pe ak, FN was found 

to de crease owing to a l o s s i n mo i s t ure. In th is e x pe r iment 

the period of moistu re lo s s occur re d f rom 41 days up to 75 days 

a fter pollinat i o n , the f i na l FW of indi vidua l se e d s be ing 

r ec orded at 2.22 mg. 

2. Dry Weight (DW) 

Mean seed dry weight was 0.09 mg. when harvested 10 days 

after pollination. Changes in seed dr y weight with time (seed 

age) shows essentially the same pattern as changes in fresh 
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weight during the period up to 40 days after pollination. It 

has been shown in Figur e 11 that maximum mean dry weight of 

individual seeds (1.89 mg.) was obtained 40 days after 

pollination. Following this point, the value of seed dry weight 

remained relative ly constan t. The refore lucerne seed is 

c on sidered to be physiologically mature at 40 days after 

flowering. 

3. Moisture Content of the Seed 

In this section, mois ture content of the seed is 

ex fr essed as both the actua l weight of moisture present in the 

seed and m) isture content percentar;e (wet basis). Changes in 

seed mois ture content can be described as a rapid increase 

th 
from about 0.17 mg. on the 10 day after pollination to 1.92 

mg . per seed by the 22 nd 
day. It is interesting to note that 

the highest seed mois t ure content was reached 37 days after 

pollination (a few days before maturity). Subsequently there 

was a decrease in moisture content as t he seed entered the 

drying or ripening stage . 

When considering the seed moisture content in terms of 

percentage (wet weight basis), it is generally found to be 

relatively high (70-75~) during the period between 10-37 days 

after pollination. The highest value of 786 wa s recorded 19 

days after pollination. Afte r this point there was a decrease 

in% m.c. At maturity (the point of maximum dry weight) the 

seed moisture content was approximately 58 ~. Seeds seemed to 

dry ou t very slowly, the time taken for moisture content to 

fall from 70% to 14~ was up to 38 days. The daily temperatures 

recorded during the first few days after maturity were high. 

The weather then became cooler, minimum temperatures ranging 

from 2°-12°c and maximums between 16° and 27°c. Maximum 
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re lative humidity ranged from 93-100%, with minimum values 

between 34 - 82%. There were also 15 days when rainfall was mor e 

than 1.00 mm. during t hi s stage (Appendi c~a 23 , 24 and 25). 

4. Changes in the Appearance of Seed and Pod 

A careful examination of po ds and seeds showed that 

during the period from 10-19 days after pollin3tion, pods were 

relatively small and green in colour and contained small green 

seeds which were very soft. Between 23 and 31 days a f ter 

pollination both pods and seeds enlarged although the pods were 

still green. 

Pod co l our began to change from green to yellow 34 days 

after pollination . At this s tage the seedcoat was quite firm. 

At seed maturity (40 days after pollination), it was noted that 

approximately 50i of the pods harvested were yellow, the 

re mainder green a nd the seeds were relatively large. See dco ~t 

colour was equally distributed b P.twee,. yel lo·Nish -gr eer and 

greenish-yello w categori es. 

Pods harvest e d 49 days after po l in ~tion, r a nged i n 

colour from yellow to dark brown except for a small number wh ich 

still showed traces of greeness. 

At the final harvest (75 days after pollination), all 

pods were black and the seedcoat was r elatively firm. At this 

stage of seed development seedcoat colour was variable between 

yel l ow and brown. No green seeds were observed . 

5. Germination Capacity (Normal Seedling) 

No see d s harvested 10-19 days after pollination were 

capable of germination. The first germination result (3~) was 

recorded with tests on seeds which had been harvested 22 days 

after pollina t i o n . There appear ed to be a slow increase in 
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germination capacity (3-11 %) up to 31 days a f te r pollina tion 

and a mar ked increas e between 32 and 34 day s. At seed ma turity 

(40 days after p o llinat ion) ger mi nat ion wa s abou t 95%. Se e ds 

between 40 a nd 55 da y s o l d tende d t o show a consist en t 

germi na tion in t he range 95 -96%. As t h e re wa s a s h ortage o f 

seed a va ilable f or study , t he fi na l sa mple t es ted was ob ta i ne d 

f ro m a ha rvest 75 day s af ter po ll i nati o n when the po ds were 

b l ac k to ensure c ompl e te se ed ri pe ness. ~hen the se seeds we r e 

s ub j e c te d to a ge r mina t io n t est, it was fou n d t h a t 92% produce d 

no rma l se edl ings with 2/4 abnor mal se e dlings and 6~ har d seed. 

6. Viability 

Viability r esu l t s obtaine d f rom a t e traz o l i um t est (TZ) 

and also as tota l viab i l i ty from a germination tes t are 

presented in Fi gur e 12. Th e interpretation of viable seed from 

the T.Z . tes t was c arr i ed out accor ing to the I.S.T.A . rules 

fo r small- s eeded legu mes . The total viability f i gure of seed 

f r om the germination test i ncluded the sum of normal seedlings, 

abnorma l seedlings , hard seed s and fresh ungermi nated seeds. 

The T.l. test sh o wed that 10b of seeds we r e viable 22 

days after pollination. The viability o f seed removed from 

plants 25 to 28 days afte r po l l in~ t ion rose sharply, the 

pe rce n t a ge o f v i ab l e s e ed s harves te d a t 25 and 28 days after 

pol l ina tion being 7 0% a nd 9 0% r espe c tively . Hi g h viabil i ty 

(96~ ) was first at tained wi th seed harves t ed 37 days a fter 

poll inatio n . 

Labor atory germination test re su l t s s ho we d that viable 

s eeds (5% ) were f i rst found in samples of 22 day old se e d. 

Total viability of se ed increased gradua lly f rom 23 up to 31 

days after pollina tion and was greatly increased in 34 day old 

samples. While a viability of 88% was obtained 34 days after 
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pollination, there tended to be a grad al increase in th is value 

which reached in exce s s of 98t in s a mpl es of seed harveste <l 1+0 

days after pollinat ion. 

7. Storage Longevity 

In addition to the determinat ion o f physiologic al 

components and quality of freshly harvested seed , s a mples of pods 

from different harvests were stored in t he laboratory for 12 

weeks for a comparative study of seed longe vity. The germination 

results obtained showed a lower germ ination percentage when seeds 

were stored in pods for 12 weeks under ambi ent conditions (12° -

24°c a nd 42-?0t R.H. ) than results ob tained from se eds germi nated 

i m~e dia tely a fter harvest (Figure 12) . This d i ff ere nce is very 

srr.all for stored samp]es cf seed obtained f r om plants 22-31 days 

af t er poll ination . Jeed sacpleo 22 and 31 d?y~ ,fter pollinrttion 

sh owed a germ ination percentage of 2; and 8; respec t ively. A 

peak of ge r ~ ination ( 1,0 - 49t) occurred wi•h se~ds which h~d been 

removed from plants 3 1•-j7 days a ter pollin~tion and sto·ed for 

1 2 weeks. Fo llo wing this peak, there wns a subsequen t decrease 

in germination percentaEe caused by an increase in he 

percentage of hard seed fo rm ed. One particular aspe ct to be 

noted is that the onset of hard seed development occurred with 

stored seed originally harvested 34 days a fter pollination. As 

can be seen in Figure 13, the germination result of seeds 

stored for 12 weeks declined from 49/4 in stored samples of 37 

day old seed to 18% in 75 day old seed. On the other hand a 

corresponding increase in hard seed content was observed 

eaching a maximum (79%) in stored samples of s eed harvested 55 

days after pollination. 

When a comparison was made of seedling size between 

tests on immature seed (31 day s old) and more mature seed (55 
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day old), it was ob served that seedlings obtained from mature 

seed samples were larger and healthier than those obtained 

fro m immature seed ( Plate 9) . part from producing weak 

seedlings , immature seeds wer~ also particularly s us c ep tible 

to a tt ack from fungi during a l aboratory germination test. 

PLATE 9 . 
GERMINATION TE3TS ON SAMPLES OF IMMATURE AND 

MATURE LUCERNE SEEDS AFTER 3 MONTH STORAGE 

98. 
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DISCUSSION 

1. Stages of Seed Development 

Mean values of individual seed weight suggest that 

changes in both FW and DW with time are similar. Changes in 

seed weight of luce rne during seed development follow three 

distinct phases similar to those previously described in red 

clover, white clover and perennial ryegrass by Hyde (1950) and 

Hy de et al ( 1 959). 

99. 

In l ucerne, the growth stage refer s to the pe rio d of 

seed development up to 22 days after pol lination . Seed doubled 

its initial weight every three days during this period. A 

marke d increase in seed size and embryo size was observed during 

this period and confirmed the statement of Hyde (1950) that the 

rapid increase in seed weight during this stage i s presuma bly 

due to cell multiplic ation in both the emb r yo and co t yledons. 

2arly in this stage of development t he seed has a high moistu re 

content (77-S? t ) and at the end of th i s stage seed dry weight 

was approximately 30/4 of its final value and 3~ of seeds were 

capable of germination. This l at ter asp~ct does not agree with 

the work of Hyde ( 1950) and Hyde ~ al ( 1959) with other s pecies 

which sho wed that no white clover, red clover or perennial 

ryegrass seeds were viable at this stage. This may be due to 

differences in the rate of seed growth between species and under 

different environmental conditions. The rate of growth of seed 

22 days after pollination may still be rapid although such seeds 

had grown large enough to suggest they may contain small bu t 

sufficient amounts of food reserve material to assist seed 

germination. 

A more gradual increase in seed weight occurred during 

the period from 23- 4 0 days after pollination. This stage of 

MASSi::'f U, VER~ 
LI '( 



growth may be refered to as the food reserve accumulation 

stage as termed by Hyde (1950). Maximum seed dry weight was 

reached 40 days after pollination. At this point seed was 

considered to be physiologically mature aG suggested by Shaw 

and Loomis (1950). Total viability of seed as determined by a 

laboratory germination test increased slowly from 23-31 day s 

and markedly increased between seed samples harvested 32-34 

days after pollination. A high level of seed vaibility had 

100. 

been attained a few days before seed maturity. The amount of 

seed viability is thought to be associated with the level of 

food reserve material in the seed. The low germination 

percentage of immature seed may be due to infestation by fungi 

during testing and by t h e product io n of a high percentage of 

abnormal seedlings. Th is latter aspect was particularly evident 

when germinating yo ung seeds (31-3 '· days after pollination) 

indicating that the soft embryo tissues c an be easily dam a ged 

even when seeds a re removed from pods by hand. The de gree of 

da mage appeared to be less when se ed wa s ha rv e sted at an older 

stage as the seedcoat became fir me r. However, when germinat ing 

fr esh ly harvested se ed at the tim e of seed ~aturity , levels of 

abnormal seedlings of approximat ely 5t were s till found. 

Changes in pod and seed colour with incr e asing maturity may be 

due to variation i n the levels of chlorophyll content as found 

in perennial rye grass by Griffith~ al (1967). In the present 

study pod colour changed from green to yellow and could be 

detected a few days before seed maturity. This agrees with the 

findings of Hyde et al (1959) that the onset of colour changes 

in grass and legume seeds occurs prior to seed maturity at the 

second stage of seed development. However, when colour changes 

are used as a guide to harvest suitability the results can be 
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misleading since seasonal weather conditions can influence the 

onset of colour changes as reported by Hi ll (1971). At t h e end 

of thi s stage seed moisture content is still high (58t) and 

consequently no h a rd se ed wa s f ound when such se ed was te ste d 

immediately after harve st . 

The ripeni ng stage of lucerne observed in this exper ime nt 

was longer t han the ripenin g stage f or red clove r and white 

clover (3-5 days ) reported by Hyde~ a l (1959) . Species 

characteristics and wea t he r condi t ion s seem to be respons ib le 

for differen c es in the length of time occupied by this stage. 

It appears that seed g ro wt h r at e in lucern e is not as rapid as 

in red clover and wh i te c lover since lu c ern~ takes 40 davs 

after pollination to reach seed m3turity. Ne~ t her conditions 

durir.g the seed rirening stage wer'· co,) l an<l mo i s t and 

po ]l1 nation occ urred perhaps 6- 8 weeks l3ter than would oc cur 

in a normal gro•ing season . In rel3tior to similar weathe r 

conditions Al - Tikirty et 3.l ( 1')7'-) reported thJ.t crown vetch 

seeds developing during cool an d moist conditions reached 

matur ity 14 days later than seed development in a normal gr o wing 

s eason. On this basis , it would be expe c ted tha t cold and moist 

wea ther conditions mi gh t have a bearin g on pro l onging the 

ripening stage of lucerne. In this experiment the time taken 

from maturity (58~ M.C.) till seed ripening (14~ M.C.) was 35 

days. The rate of seed drying was therefore approximately 1.2% 

per day. 

2. Viability and Germination Capacity 

Viable seed results obtained from tetrazolium testing 

are initially higher th a n the values obtained from a labora t ory 

germination test. Ninety percent of seeds were found to be 

viable by the T.Z. tests on seed harvested 28 days after 
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pollination whereas the germination test showed only 16% of 

normal seedlings. This difference is possibly due to the 

presence of active enzyme systems in the young embryo which 

although they reac ted wel l with the tetrazolium solution were 

insufficient to enable the seed to be germinable. These results 

do not agree with those of Hil l and Watkin (1975) who found a 

g od re la tionship between T.Z . test and germin~tion results with 

freshly harvested grass species. 

3. Seed Longevity 

Resu lts fro m this study indicate that seed quality 

co mponents such as total viability , germinatio n and hard seed 

percentas e were altered by even a relatively short storage 

period. Total viability of young seed harvested 22-34 days 

Gfter po llination was much lower af ter storaGe for 12 weeks 

when compared with r esu lts of seeds tested immediately afte r 

harvest. The rate of germination of young seed tested after 3 

months storage was also slower than with tests on freshly 

l,arvested seed. The overall results ag r ee with the previous 

work by Hyde (1950) and Hill and ,atkin (1975), that immature 

seed is incline d to lo se germination capacity more quickly than 

mature seed during storage. Their explanation was that lack of 

food reserve material in immature seed causes shortened sto rage 

life since seed harvested at this stage has not reached a 

maximum dry weight. Another aspect of seed quality in legumes 

which is considered important is the hard seed condition. 

There is a great difference in the rate of onset of hard­

seededness between freshly harvested seed and seed tested after 

3 months storage. No hard seed was found in even mature seed 

samples tested immediately after harvest except in seed 

harvested 75 days after pollination (6%). However after 3 
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months storage it was observed that 45~ of immature seeds (34 

days after pollination) were impermeable to water. This result 

a gr ees with the work by ~in Pe (pers. comm.) on red clover seed 

that the onset of hard seededness w~s observed as early as 14 

days after pol lination when seed was tested afte r 3 months 

storage whereas hard seed first appeared after maturity (30 

days after pollination) whe n seed was tested immediately after 

h 3rvest. The fi nd ings of Hyde (1950) in relation to the onset 

of h a rd seed in small seeded legumes do not agree with the 

fres h ly h~rvested seed results f or lucerne in the present study. 

HoNever they do agree with Lhe 3 months storage results. 8eed 

a ge (number of days after pollination ) is apparently an important 

factor g o verni ng the hard seed condition. The absence of hard 

Geed in samples re moved from the plant up to ~5 dayo after 

pollination 8nd tested immediately after harvest was possibly 

due to high seed moisture content (75 -42i). Hyde (1954) has 

shown that in red and whit e clove r hard seed development occurs 

~s a result of seed drying to a level that causes seedcoat 

impermeability (14 t in white and red clover). He s howed that 

the loss of moisture through the p~lisade layer was the main 

cause of impermeabil ity . Thi~ situation could explain differences 

in the hard seed content of seed of high moisture content tested 

immediately after remo val from the plant and the much highe r 

values (up to 79%) obtained when seed was allowed to air dry 

to 9-10% seed moisture content during a short storage period. 

CONCLUSION 

In lucerne the assessment of seed growth rate by the 

determination of seed dry weight reveals three distinct phases 

during seed development. The growth stage involves the period 

up to 22 days after pol l ination; the food reserve accumulation 



104. 

stage occupies the period between 23 - 40 days after pollination, 

an d the ripening stage occupies the period between 41 and 75 

days after pol linatio n . 

With regard to seed viability a t harvest, results from 

tetrazolium t ests sho~ a higher value than laboratory germ ination 

test r esults, pqr ticularly in the case of young seed up to 28 

days after po llination. Such differ ences were attributed to the 

role of fungal infestation a nd a high proportion of abnormal 

seedlings . To ensure high seed quality (high germination 

capacity, heavy seed, seed produc1ng vigorous seed lings) it is 

necessary that seed should not be harvested until it is mature 

(40 days after pollination). 

Storage results of the seed development trial i ndicate 

t hat immature seed tend to lose viabi l ity more rapidly than 

mature seed . To maintain high seed quality during storage it 

is important that seed be harvested after maturi t y. 

The great differences in the extent of hard -sc rte~n~. s 

when seed samples of different ages were tested immedia t ely 

after harves t (hi gh ~ MC) an d again after 3 months storage 

( low~ MC) indicate that the amo unt of hard seed in luc erne is 

g over ned by both seed age ( number of days after pollination) 

storage conditions and the level of seed moisture content. 
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SPACING 1561 . 688 1663 . 813 4 3h1+. 5J1 :~ I!. 3 ? • J} 3 9 

d C b a 

FACTOR A I S SPACING _;.~ND F AC TO:( i3 I:~ CL'I' l':;: ~JG 

F Cnl. F ~:!:,~ 1 pc; F R.:': -t 5P~ 

5 ., 03 I • • 31 2 . 81t 

.3538 . 55 :; ,'. : . j ; 2 . 84 
1 C'l7 ~•J73 ·'·• • .) 1 2 . Bl+ 

5/~ . 7~3 2 . 88 2 . '1 2 

;-;:::,d-;.3 FO.ct CU TTI NG 

77li . 813 d 

_3/+ j C· . 626 c 

3'7'?7 . 876 b 

1~os1, . 126 a 

LSD 1PC LSD 5 FC 

125 . 277 93 . 633 
125 . 277 93 . 633 

25c . 551+ ~8 7. 267 



1-1.FP.:::NJIX 2 

ANALYSIS Ci+' V,dI1-1.r:Ci OF :L~~3l\:.';_;_, J1iY ;,_:.::_;_3: .T u:•,~/.: ) . 

SOURCE DF 3S '1 ... ) F Ct1.L ? :L.: 1. 1 PC 

.ctE?LICAr:s 3. 1 001.i.3.561t7 j3l+7~ :,5•~9 1+. 1 c 3 /.: • j 'i 

TJ..:;,,T;.;~NT A 3. 9736589.26'<5 3-~-= 2 i ) ·~ • _5 5 L 2, l+.) 4 .~ • 3 ~ 5 I; • J 1 

r.E,, r:-:sr~T J 3. 26J53 76 . 31 11 7 ?68L5S . 7 ~~6 ~A57_7~0 I 7 • ~ . ./ 
AX3 IN'.t'~R"C .::.'IC;\ 9. 1+623'17. 061 0 513-S8.562j 6~.1..eo ? . :3 
2dROR 45. 3 3 7 5 5 • 1+ 3 5 8 7'5) . 1 208 

COEFF VAR= 3.79 

~1.:::A.NS FOr: .: ... /\.'j J.~!".:' ~~""..-~C ::s:: ~ ... .\.' V -~ C ~t ;' T_} ~ l.1 =- ~< G 

FHC 

FLC 

SHC 

SLC 

Mi.:ANS FOR 

SPACING 

3ox30 CM. 

87. 501 

252 .501 

472. 001 

490.251 

325 . 564 

d 

20X2 0 CH. 

105.001 

310.751 

480 . 001 

514.251 

352 . 501 

C 

15;..:15 c . .- . 

659 . 001 

1100 . 001 

101~ .• 251 

1202.CC-1 

9') 4 .313 

b 

FACTOR A IS SPACI NG AND FACrGd B lJ CUTTIN~ 

1 ex 1 o :.::-.. • 

6fi3 . 001 

1 412 . 001 

1333.501 
1 Ii ~.3. 5.:::;1 

1215 . 501 

a 

383 . ;;26 d 

7~.S.813 C 

825.938 b 

01c . oc: a 

Y 1~..:;-~ 5r~ LSD 1PC LS D 5PC 

2 . 54 

2. 31. 26 . 1S\ 19.570 

2 . 34 26.184 19 .570 

2.1? 52.367 39.140 



,.ffEf~DIX 3 

,,.!\'ALY.iI.S u:: V,dL .. NCi Cr' D:li t- 1.'cI~':::., .~.r:.:_.:;r.:..::: OF H~RBtiG.::: YI~LD 

SOURCE DF 

R.SPLICAT~ 3 . 

TR3A T>:ENT .h 3 . 
TR..".:r, Tl-SNT B 3 . 
AXE INT..::iv.c r:::cr; 9. 
ER RO ct 45 . 

COBFF VAR= 1.76 

30X30 CM . 

FHC 

FLC 

SHC 

SLC 

MEANS FOR 

S Pii.CING 

20.876 

20 . 876 

21 • 201 

20.276 

20 . 807 
b 

ss .Li•.:J 

o.c342 C.0)81 

42.57u2 , L • 191 4 

0 . 22:;0 C. C? 11 ;_. 

1 . . 'j/ 27 ,4 ....,,,,.r'\7 
I . L~::)-L..,1 

6 . 5633 ,.., ~ I: c:; j 
'- • ! /..,. 

Mir\NS .rJJ ,~:.(3 .:::. l 1 ::.-:.-,C'L':::c:: 

20X20 s;,: . 

20 . 751 

20 . 551 

21 .776 

21. 151 

21 . 057 
b 

1 5 :\. - 5 '~ .'-: . 

22.576 

22 . 726 

22. 1 .. 26 

2;:.:01 

2? . 61S2 
a 

FACTOR A IS SPACING AND FACTOR B 13 C JTT=~;G 

~ C.i:.. 

C .192 

~- .3c1 

c.510 
: ,, / ~.;,.1 

1JX1C r::'. . 

22 . 651 

22 . 626 

.27 . Li01 

2,? . 926 

22. l C.,, 

a 

r .2.~," 1 PC F 1~;;< 5PC 

h . 31 2 . -34 
I ., ~ 
••/I 2 . 34 

I.. • .31 2 . 34 

2 . SS 2 . -: 2 

I!~.1.N3 FCJ CUI1·I1:l\G 

2 ~ • 71 1+ 

21 . 69.5 

21. 701 

21.839 

L3D 1 PC LSD 5PC 

0.365 0 . 273 

0.365 0 . 273 

o. 730 0.546 



APP :<:; NDIX 4. 

ANALYSIS OF VARIANCi OF 

SOURCE DF 

rt.i!: PL IC,... TE 3. 
TrtE:A Tl•'..:::N T A 1+ . 

TR2t1.TM.::N T B 3 . 

AX:B IN T::rtttCTI ON 12 . 

ERROR 57. 

COZFF VAR= 19 .43 

CONTROL 

3ox30 CM . 124 . 71 6 

20X20 CM . 137.356 

15X15 CM. 49.659 
10X1 0 CM . 23 . 269 

MEANS FOR 

CUTTI NG 83 . 750 

a 

. .., ..., . .,""' 
,.J J ..'...J :..J Y:'...:.LJ - ; ~ 

- .._J - 1 

ss 

280 . c53 

68066. 1• 51 
1896? . 91 8 

25270 . 853 

1 754 . 9·J6 

T • '• - -l 
u ,. ~ - • \ ..:.--~ . .J • l 

1·1 ~ 

9.5 ._:,51 
1 ,...,0 ; ;"-:; . ~ 1 2 

6;,20 . )72 

2105 . )QI, 

.50 . 787 

( •. .... Ir- \ 
, ~. J / ,i,, J . 

r Cr1. L 

7 , .... l. -, 
.. ,/ • L/ .,,1L 

552 . ?C:S 

205 . 30S 

68 . 11 01 

r-;E;,N3 r o:.;: ,dB HlTS '.foC n c:.: 

FHC FLC JHC SLC 

55 . 97h 21i .735 -: 1 • 9u 9 6 . 1 71 

4l+. 169 20 . 1101 7 • Li 1+ 1 5 . 061 

12.994 7 . 634 6 . 479 1+. 921 

13 . 11+9 10 . 59 1, ?. • 3 31 1 . 704 

31 , 571 15 . ~~ h1 7 . i 37 1+. 461+ 

b C d d 

FACTOR A IS CUTTI NG. FACTOR B I ~ S?KCING 

F RS .,; 1 ?C F R....:< 5PC 

4 . 20 2 . 79 

3 . 72 2 . 56 
!, • 28 2 . 79 

2 . 56 1.95 

:-~i.-;.!' ;.:> FC: rt JP,~C ING 

!_. 4 . 709 a 

42 . 885 a 

16 . 337 b 
10 . j19 C 

LSD 1 PC LSD 5PC 

5 . 218 3 . 923 
4 . 667 3 . 509 

-o .436 7 . 847 



.r'tPP.E::NDIX 5. 

ANALYSIS OF VARIAKC~ OF ... .. , -~ 
i..).,:; ...... l.., 

'. -
!. J.. .. J ~-- _, : . \ ~ L', 

SOURCE DF ss ::s 

rtEPLICATE 3. 0.041 .: • . Y 3 

TrtEn. T1':SNT rt 4 . 6 . 30c ~ 0: ?5 

Trtt::ATMENT S 3. 5.522 A ~ "' 
• ,_. I.., 

AXB INT,:;R,..CTI ON 12. 11 . 148 ., ., --. .., . ... ) 

iRrlOR 57. o. 1,00 "- "'\,.... .-, 

COEFF VAR= 23.98 

Mi:r-.r·~s Fcl~: ,Ll'.:3 ::.:. _-_: {_._;~~vi 

CONTrtOL FHC i LC ~ •• ('1 

.._ :. ,; 

30X30 CM. 1 .583 1 .1 65 0.520 c . 275 
20X20 CM. 1 .322 0 .387 0.2'1'1 o. 166 

15X15 CM. 0.384 0.1 68 0.037 C. l 02 

10X1 0 CM. 0.113 0. 086 0.060 c.061 

MB.ANS FOR 

CUTTING 0. 851 o. 451 0 . 22" -, , c; A \., .. I...,. I 

a b C d 

FACTOR A IS CUTTI NG . FACTOR BI~ Sl~CI~G 

f ,., -vn. ~ ,;,.' 

1 • 952 

22~ .. )9C 

2C,2 . 229 

!1] . 2~2 

,)_ .J 

1: . I 62 

0 . 073 

0.037 

1 . 022 

·J . :7.3 

e 

.fr;,;; 1FC F rL:.,_ 5PC 

I, .., . ' , • c_ \... 2,79 
l -, ? ') .-r-: 

_,.; • I ._ c_ ,. ~,._, 

' "'"' ., • C:\... 2 . 79 
" c; r-: L • .,,, ,__ 1. 95 

:-:...::,\i'!S FOR .) ~-i.~C ii~:i 

0 . 741 a 

0 . 432 b 

0.155 C 

0,070 d 

LS:J 1PC ::...sD 5FC 

c . 079 0 .059 

C. J7J c . 053 

0.158 0 .118 



APPENDIX 6. 

ANALYSIS OF V:;.?.IANC.:"; O.? .SSiD W.::•'.iL~~ F ~.-: .::~: ,,;; r . 

SOURCE DF ss v~-
··"" F C.~L 

R~PL ICATE 3. 8881, . 327 ,~<]61 .4!.12 1 • 7C)9 

1'23A I'MBNT ;,_ 4. 1074193,.998 2625'.S.1.99 1~·C.ltt~6 

I'?.::A TEEI-;T 9 3. 1191658.708 397219.569 237.291 

AXB INT::.R"CTICN 12 . 753570 . 629 t:2 7 )7 , 552 3'/ . )7 If 

ZRROR 57 . 95416 . 625 1673.975 

COZFF VAR= 24. 40 

i1.C:.:,NS FCr< ,dl3 2::i "!.'.:;.<;1C :'Io;; 

CCNTRCL FEC .i:'LC ... , .. 
._ _ .. -✓ 

30X30 c;,.1 . 667 . 151 566 . I.26 270.576 ·;5 .3 . :26 
20X20 CM. 577 . 251 196.351 110.276 96.626 
15X15 CM . 168.001 88 .276 47.726 63 . u26 
10X10 CM . 53 .301 11 6.576 36.27G _,.S . /'.io1 

ME:i'.\NS FOR 

CUTTING 366 . lf26 221+ • L, 07 11~1.~14 S7 . Jh5 
a b C ... 

FACTOR A IS CUTTING . FACTOR B IJ SP~CING 

F i'..:: < 1 PC F ~t.::,.., 5?C L.:3J 1 f-C 

1. . 20 2 . 79 

3.72 2.~6 38 . 478 
L, . 20 2.79 .34 .416 
2. '.)6 1. 95 "6 . 956 

;-.1_;;~N3 FO.:-{ :Jl 1,tCI~G 

...)~\,I 

95 • .55·1 

1+_3 . 201 

23.251 
1 .:; . 726 

l+j . 5,;~2 

e 

350 . 126 a 

;::Ol~ . 861 b 

78.136 C 

.57 . 696 d 

LSD 5PC 

28 . 931 

25 . 876 

57 . 862 



APPENDIX 7. 

ANALYSI3 OF v;..RI.:..NC.S OF .?GJ r,::;1-:~.:,:{ ?__:rt l-1.,i!I', 

SOURCE DF ss KS 

REPLICA.TE 3 . 3526. 213 11,-:) . 4() 1
~ 

TREATl-'.3NT A 4. 220569 . 96: 551'<2. 1•9C 

TREATt✓.~NT B 3. 224252.397 7'•752 • :'?O 

AXB INT::::R,~CTICN 12. 131c51 . 6c3 1c922 . 967 

:;RROR 57. 121160. 939 213.61; 

COEFF VAR= 21 .05 

E.SANS FO:-i <rn n.;-.::...::i,,i~T.rc:: 

CONTROL FHC ?LC: S:!:C 

3ox30 cM. 327.951 207 .426 1 01 • 1 76 ?1+ .. "251 

20X20 CM. 231 .126 82.251 37. 7c ·1 37 . 951 

15X15 CM. 87 .926 32 . 076 2 11 . 701 24 .376 

10X10 CM . 18 . 626 15 . 626 11 . n76 :) . 5:.·1 

MEANS FOR 

CUTTI NG 166 . 1107 8h . }115 1-' 3 • . S89 .56 . 270 

a b C C 

FACTOR A IS CUTT ING. FACTOR B IS .SP,,C ING 

r, r, ,·\ T r vrt..w 

5 , 37'7 
252 . 238 
3.1-1.1 . 93.? 

'·9 -9'56 

SLC 

43 . 876 
21 . 701 

9 . 351 
6. 1J26 

?C.;;39 

d 

F' HK~ 1 PC F RE ,l 51'C LSD 1 PC 

1+. 20 2 . 70 
j . 72 2 . 56 13 . 905 
I, .20 2 . 79 12 . 437 

2 . 56 1. 95 27 . 810 

:-;.:.:,.NS FOrl SP,~CING 

150.936 a 

82 .1 116 b 

35 . 686 C 

12 . 231 d 

LSD 5 PC 

1 0. 455 

9 .351 

20 . 910 



APPENDIX 8. 

ANALYSIS OF VARIANC,;.; OF CL'.JST:.; R :\ 1..':-:3.~1< l _::~ ~ ::..,";;:r. 

SOURCE DF ss . . r 
, 110 

R~PLICATE 3. 58.397 19.f32 

TR.::ATMENT A u • 10372.626 2593 . 156 
rR.:::A. TKE:NT B 3. 6302. 1 6'7 21oc . 722 

AXB INT BR,\CTION 12. 4178 . 646 311 s. ;.:20 

~RROR 57 . 252.273 ,, • l.,25 

COEFF VA R= 14 .09 

;{r~A~;s Fo:~ H..-:J 1:;r .:: .. \:lc r1c:·•; 

CONTROL FHC ?LC .Si{C 

3ox30 CM. 62 . 301 33 . 1~01 17 . 951 15.026 
20X20 CM. 52.626 16 .551 8 . 251 8 .251 
15X15 CM. 22 . 901 9.651 6. 1f51 6.55 1 
10X10 CM. 7.876 5. 601 3.651 2 • .351 

~ANS FOR 

CUTTING 36.426 16.301 9 . 076 7.-) ()5 

a b C C 

FACTOR A IS CUTTING. FACTOR B IJ SPACING 

F C11.L 

'- • ii 36 

585. 9'13 
L71, . 61.9 

?3.679 

3.LC 

1 0. 001 

4. 576 
2. 801 

1 • 951 

,~. 8.32 

d 

F ct~~ 1 PC F Riq 5PC 

,, • 20 2.79 
7- r,; 
.J • I L 2 . 56 
/_,. .20 2 . 79 

2 . 56 1.95 

~~MNS FOR J?ACING 

27 . 736 a 

18 . 051 b 

9 . 631 C 

4 . 286 d 

LSD 1FC 13D 5PC 

1.979 1 • 488 

1 . 770 1 . 331 

3 . 957 2 . 975 



APPENDIX 9. 

ANHLYSIS OF V.ri.rtI.-1.NCi OF l'LlXHi:.:\ ~•,~c .. ...:a -... , . •-·, ) 

~'il .".t~L.J:\ 
. • •""'\ 
l -J~t 

SOURCE DF ss i·,1s 

REPL IC A Ti 3 . 2 . 989 0 . 99,S 
I'R3ATMENT A 4 . 989 . 302 21.,.., ·,..., c:; •,.,,.•- ,/ 

Td.S.ri.'l1E3NT B 3. 364.349 1 2 ~ • li' l. ~ 

.:.XB IN'.i'i;RnCTION 12. 163.438 13.619 
£RROR 57 . 235.430 4 . 1 31 

COEFF VAR= 33. 19 

i'-'.i,,NS F'O!~ AX3 p·~·.:.:.:-:nC:::'I·~:; 

CONTROL FHC ?LC ,.) 11.:; 

3ox30 CM. 16. 051 5,551 7.551 6 . 751 
20X20 CM. 1 7. 951 4 .301 5 .601 5 .751 
15X15 CM . 12. 901 2 . 851 l1, L57 /1 .1.101 

10X10 CM . 5. 401 1 . 751 3 . 001 2. 001 

MEANS FOR 

CUTTING 13 . 076 3 . 613 5 . 151 I:. 7?6 

a C b be 

FACTOR A IS CUTTING . FACTOR B IJ S?ACING 

r ,T ,.· n 
l •J.l ..l • 

F CAL 

o. 21+ 1 

59 . 867 

29 . 398 

;, . 297 

.SLC 

6 . 151 
IL .551 

3 .1_51 

2 • .351 

L. 051 

be 

}' ~2-~ 1 PC F R~.~ 5FC 

l.i. .20 2.79 

3.72 2 .56 
4 . 20 2.79 

2.56 1.95 

:-:~;1.N0 FC,rt ...;r;iCING 

8 . 411 a 

7.631 a 

5.551 b 
2.C)01 C 

LSJ 1 PC LSD 5PC 

1 • 911 1 • 1+ 37 
1 • 71 0 1 . 285 

5.823 2.874 



~ 

APPENDIX 10. 

ANALYSI.S OF VARIANC~ CF 'i'Ol'.'.L .:i:;: '~.L...; ._J-"i. 
, .. .... , 

1 --1• \ ~ .... 

SOURCZ DF 

R:;PLICATZ 3. 
TR3ATMENT A 4. 

TR3Ar1·1£NT 3 3. 

AXB INT~aACTiCN 12. 

ZrtROR 57. 

COEFF VAR= 15. 21 

CONTROL 

30X30 CM. 29.251 

20X20 CM. 31. 051 

15X15 CM. 22. 201 

10X10 CM. 13.951 

HfANS FOR 

CUTTING 24.114 

b 

FACTOR A IS CUTTING. 

ss 

33 .708 
2L,1 . S5c 

4857 . oE~ 

292 . 972 

917.27 11 

: ~.; 

11 • 2 3r; 
!:·'\ lJ6? 
•. J ...... 

1:;-i')1t~?O 

2'1 . \"'h 

7 ., • 7 J3 

:-~ .~:; 3 FO :•: ..... :\ 3 : ~.; I' ·: < ~ 1~; ~ l:: ~: 

FHC .;,- (" , .. ,... 
.._ J...JI.J .. ~] :: .._, 

39.551 Yi .3 7G _;'7 . ·15: 

28. 801 29 . 601 2E- . 901 

27 .576 25.251 21 • 601 

15. 851 11.?';1 ·1 5 , ::.c1 

27 . 945 25 . 21i5 ...., r.· r, . ) 
l.. :J . ' _,:;. 

ab b b 

FACTOR 9 13 SPACl~G 

r' C .• L 

o.6~)?. 

3. 1 55 
1 '_jJ . 51i2 

-~ -5,, C 

SJ_J ': 

t.0 . 051 

32 . 651 

2L. . 626 

1 7 . 9c1 

28 . 807 
a 

F Ji~ 1PC F ~~~ 5FC LSD 1PC LSD 5PC 

1~ . 2 J 

3.72 
', . 20 
- ,. 
._: • .JO 

2 . ?9 

2. 56 

2. 79 
. )] 

:-;:::,.f;,3 FOl ~: nC HlG 

36.076 a 

30.201 b 

24 . 251 C 

1 L:.. 99, d 

3 . 771+ 

3 . 376 
7 . 5\8 

2 . 838 

2.538 

5.675 



APF~ND IX 11 . 

ANALY.SI::; OF V,..rtLi':C.S C: R~FJCYl~~ :::.·;i: .;L:0.l.'_; , i~\ 

SOURCE DF ss r-·13 

R2PLIC/1 ~::; 3. 2 . 006 ,: • ur 3 

I'iEATM~NT A 4 . 119 . 197 ?9 . n)'~ 

TR.:::,, TM..:::NT B 3 . 131 .512 I l ,;, ·, -
• _,i • .l ./ r 

AX3 INT~Hr1.CTI0:-: 12 . 13 . 365 1 •• 7 
• ! . ..) 

.2:RROR 57. 26 . 758 Q • lLj J 

co:::FF Vi-1. R = 1 8 . 04 

l<.i:.1'.NS FOR ,,XB rn I.':-; .~,,: ~,Ic:: 

CONTROL ?HG Ii-: .. :;r 
.... ., .. ,,,.J 

3ox30 CM. 7.251 6 . 1,01 5 . 20'1 5 . )01 

20X20 CM . 6 . 601 5. 251 3 .151 5 . ~c; 
15X15 CM. 5 . 601 h . 301 2. 1 01 ~: . )S ~ 

1 0X1 0CM . 3 .351 2 . 501 I • 9 ~)1 1. 20'1 

.MEANS FOR 

CUTTING 5. 701 4. 611+ 3 . 0~9 5 • .:,•: I 

a b C C 

FACTOR A IS CUTTING. FACTOR B 10 0?~C=N~ 

F 8.n.L 

1 .112~; 

(j. 11 77 
r)7 ,)• 
,') . .) _, 

? z~:> 
:_ • .,,) I -

, .. ":' .., 
..... ~J•.._J 

~5 . ~,•~1 

2 .'.76 

1 • 5c1 

1 • Ji26 

2".226 

Cl 

F J~.t 1 PC F .i<~<- 5~C 

h . 20 2 . 79 

;,.72 2. 56 
11 • ;~ 0 ;) ~,q 

._ • I ✓ 

2 . 56 ,., qr-
I • .,:J 

:-.J,,.~:.s ?CH ~:1ttC I!\'} 

5 . 571 a 

4 .256 b 

_3.291 C 

2 . 076 d 

i,SD 1 ~C L.SD 5 FC 

0 .64h O . 481+ 

0 .5 76 o.433 

1 • 239 0 . 969 



APP.SNDIX 12. 

rtNALYSIS OF Vt.:H.1.NCE OF P..:.:RC.:::i;i'.,3..:.: O.r' ... ~ .. "l r .. 
,,J;:\,_, V ~.,) l 1\CJ~: 1

.:~:) 3~EJ . 

SOC RC .S DF ss . . J i.·- C,-,.L 

RiF1ICATE 3. 10.257 3.41½ o.39S 
TRi:.:\. 'I'VENT A 4 . 2200. 707 550 . -76 6h ,,Jhl, 

Ti\.::AT: ~ENT B 3 . 37. ;}36 1? .' 1.5 1 . Lh9 

HXB IN T.i:rt ,C I'ICN 12. 305 . 1153 Jc; ,.,""" I. 
l_ / • ' V • 2 . 992 

..:.:~ROR 57. 1f 89 .r,67 3 . 59~) 

COEFF VA.R = 20 . 06 

r,l::::AILS FC.~ tt:\3 r~:·.:1..:::-L•.CTil-:: 

CONTROL FHC --,T r , ""TT,..... <.'T (' !' L,J v,,v .._;L,._., 

3ox30 CM . 23 . 026 16 . 376 15 . c7r; 1 I, • ,, ::; , 0.326 

20X20 CM . 21 . 351 18 . 076 1 0 . 726 1.3.151 7.776 

15X15 CM. 25 . 601 15. 951 8. 301 1 3. 701 6 . 226 

10X10 CM. 21.. 001 16.351 16 . 22r; 7_q7('.; S. 151 

l1EANS FOR 

CUTTING 23 . 495 16.639 12 .5 32 1:-_ , lij? 7 . 87c 

a b C C d 

FACTOR A IS CUTTING . FACTOR BI~ S?A~ING 

? .i.~~~ 1PC F 1:E~ 5p::; 

4 . 20 2 .79 

3 . 72 2.56 

l.i • 20 2 .7 9 

2 . 56 1 • 95 

~~~NS Foa ~i~CING 

15 . 741 a 

14 . 216 a 

13 . 956 a 

1 4. 541 a 

l..SD 1 PC 13D 5.?C 

2 . 756 2 .072 

2 . 11 65 1.854 

5 . 5 13 4 . 11.1 5 



APPENDIX 13. 

ANALYSIS OF VARIAN C.S OF 1000 .S;:,~;D ;,.::l JE-::' (.~.-:) . 

SOURCE DF ss i-!S 

REPLICATE 3 . 0 . 007 0 . 002 

TREATMENT A 1+ . u.403 1 .1 OJ 

TrtEr1.'r11i;:;NT B 3. 0.575 0 .1 91 

AXB INTERACTI ON 12 . 0.042 0.003 

ERROR 57 . 0 . 284 0 .005 

CO EFF VAR== 3 . 79 

!•EAN3 FO:~ .-1..\ B =~~ r::::i.\S11 IO~~ 

CONTROL FHC ~ - r 
r4L,J .;nc 

3ox30 CM. 2 . 373 2. 060 1 -939 1.788 

20X20 CM. 2.2 92 1 . 971 1 • 915 1 • 719 

15X15 CM . 2.280 1 . 886 1.788 1 • 598 

10X10 CM . 2 . 109 1 . 820 1.773 1 • 572 

MEANS FOR 

CUTTI NG 2 . 264 1 . 93 /i 1 . 354 1 • 669 

a b C d 

FACTOR A I S CUTTI NG . FAC ~OR BIS SPACING 

F C,,L 

0 .5 ~8 

220 . 829 

38 . li9I, 

0 , '716 

.s:;:,c 

1 . 725 

1 • 631 

1 . 525 

1 . !,98 

1 . 595 

e 

F rti<t 1 PC F J,~,: 5PC 

4 . 2G 2 . 79 

3 . 72 2.56 
Lr . 20 2.79 

2 . 56 1 . 95 

;.;.::;,,N.:3 FOR .SI ,;.CII~G 

1, 977 a 

1 • 905 b 

1, 815 C 

1 . 75 _5 d 

LSD 1 PC LSD 5 PC 

0 . 066 0 . 050 

0 . 059 0 . 048 

0 . 133 0 . 100 



APPENDIX 14 . 

AJ\111.LYSI.S OF V,,RL,NC ~ OF Fl .02iT.3 _ ~ --: _·:JC., '.'.J . 

SOURCE DF ss ~ .. < 
~ .v 

REPLICATE 3. _3 . 562 ; .. ,, 3? 

TREA.TMI:NT A I+ • 56.221 .. J, r"'\ C. r t . I....,, .• ) 

TRZ,\ n:ENT B 3. 54 . 267 
,.. ,., -

1 ;:; • O.:.') 

AXB IN TE RAC TION 12 . 31 . 375 2 . 61h 

~RRO R 57. 69 . 035 1 • ;.?, 1 

COEFF VAR= 10.87 

~~~ANS F'C'R ~:-~3 =~! -~-:;i u(-;-:·:~:,; 

COKTROL FHC ?LC 
. ~ .. ., 

' 

30X30 CM. 1 o. 001 9 . 951 ·1 '1 .026 12 . 901 

20X20 CM . 13 . 126 9 . 526 11 • 00~ 1 '1 • . 3 01 

15X15 CM . 11 .476 7. 951 9.3?6 1 1 • 201 

10X10 CM . 9.426 7 . 026 2 .1i51 () ... ,;26 

ME:ANS FOR 

CU TTI NG 11 .007 8 . 614 9.951 1G.'75': 

a C b a b 

FACTOR A IS CUTTING . FACTOR i3 I 0 .S~r1.C I::~ 

.? CA1 

0 . 93c 
11 . 605 

1 h • 93t; 

2.159 

,T (' 
..,")J.J\., 

9. 601 

10 . 876 

10. 601 

:,1.801 

10 . 270 

a ';:; 

F RS ·-i: 1 PC .t RE.~ 5 PC 

l;. . 20 2 . 79 

3.72 2 . 56 
4 .20 2 . 79 

2 .56 1.95 

r-:.:::,~N.S FOR SPACING 

10 . 336 

11 • 1 66 

10.111 

8.866 

LSD 1 PC LSD 5 PC 

1 • 035 0.778 

0 . 926 0 . 696 

2 . 070 1. 556 



APPENDIX 15. 

ANAL YSIS OF VA~InNC~ OF ~3E~ NC~Lil P21 ~ 1J . 

SOURCi DF 

R.::;PLICAT~ 3. 
TR:ATMiNT A 4 . 

Trt.2., TM.SflT B 3. 

AXB IN TERACTION 12. 

E':RROR 57. 

CO EFF VAR= 23 .1 2 

CONTROL 

3ox30 CM . 2 . 044 

20X20 CM. 2. 568 
15X15 CM. 1 . 939 
1 OX1 0 CM . 2. 831 

MEANS FOR 

CUTTING 2.345 

b 

FACTOR A IS CUTTING . 

ss 

0 .916 

5 . 220 

1c . 317 

11 . 163 

20 . 629 

1·uJ 

r- J r"\ :­·~· . _,),.) 

1 • 3,~ J 

7 /, -"~ / . ..,,,, ., 

"""'\ 'l I_ ,...., 
\.. . .,, ..., ,_,, 

. , ..,. C 1 
l., " ./ . .J • 

t,t,:C:,\ NS FO~ .\X2 rnr .... J,-.2 r:;: _:: 

FHC ?~C .:;;:re 

2.714 2.669 -;> rot - . ....... .,, 

2 . 401 2. 904 2 -51
• 6 

2 . 753 ~ • 951• 2 . 606 

3 . 366 3 . 064 f L • J1 ·) ~ 

2.809 2. 611 7 ") Q 'Z C 
L ,. .,,_,,,,/ 

a ab 3. 

FACTCR B LS SF/1C II;G 

•J , l ___. 

G"' .. ~--' '~ 
~, 

!:.. '"'I.,~ . ...,_, 

C 

.-~l...•: 

2 . 2cJ1 

1. 91:9 

Z. . 681 

? . ;,3C 

") --,~--, 
~. '- ! c_ 

b 

F ~::; ~ 1 i'C r '.,~~-~ 5P~ L.::iJ 1 PC I.,3.J 5PC 

,.. "),, . -'-
_5 , 72 

I ,,Jr . - -
1 .. I"" 

...-..: • .JS 

2. 79 

2. 56 

2 .79 

1. 95 

;._~:if~;3 ? C~ .3?.-..C II\G 

2 . 3'+5 3 

2 . 1+74 b 

2.370 b 

).213 b 

0 . 569 
0 .506 

1 • 131 

O. h25 

0. 380 

0 . 851 



APPENDIX 16. 

AN~LYSIS OF VARIANCi OF POD NU~BJJ PSR CLU~IE~. 

SOURCE DF ss i-;s 

REPLICATE 3. 1.606 0 . 535 

TR~AT~ENT A 4. 2.642 0 . 660 

TRSATEENT B 3. 58 . 358 19J52 

11.XB INTt::RACTION 12. 11.602 0 . 966 

ERROR 57. 23.054 o. 4o4 

COEFF VAR= 15 . 27 

MEANS FOR AXB lNrs~~CTIO~ 

CONTROL FHC FLC .; i-iC 

3ox30 CM. 5 .251 6 . 201 5 . 626 1+. 926 

20X20 CM. 4.376 1+. 951 4 . 601 11 • 626 

15X15 CM . 3 . 801 3 . 301 3.826 3 . 901 

10X10 CM. 2.351 2. 801 3.326 3.676 

MEANS FOR 

CUTTING 3. 91
J 5 4. 314 t. . 345 11 . 282 

a a a a 

FACTOR A IS CU TTI NG . ?1;.C l'Ort B I~ ...:i1 .iC r;;G 

F C . .:,.L 

1 ..321.+ 

1. 6.33 

L3 . 296 

2 . 3<)0 

SLC 

4.351 

1:.. 301 

3 . _326 

3 .301 

3 . 945 
a 

F ~;'; i: 1 PC F' iE~ 5PC 

h . 20 2.79 

3.72 2 . 56 
/_, . 20 2.79 

2 .56 1. 95 

;.,_.;,,::s FOJ Si .. cr:c 

5 , 271 a 

4.671 b 

3.631 C 

3. 091 d 

LSD 1 PC LSD 5FC 

0.598 o .450 

0.535 o .402 

1 • 196 0 . 89 9 



APPENDIX 17 

MEAN VALUES OF TOTAL FLOWERS PER PLANT 

SPACINGS/CUTTING CONTROL FHC FLC SHC SLC AVERA GE 
TREATMENT 

30x30 cm. 78.7 35.5 24.9 34.9 13.3 46.8 

20x20 cm. 63.7 28.4 11 • 2 23 .1 10. L1 34.2 

15x15 cm. 34.5 20.0 11 • 4 16. 1 9.8 22 .9 

1 Ox10 cm. 14.6 B.o 6.7 6 .1 3.5 9.7 

AVERAGE 47.8 22.9 13.5 20.1 9.3 



APPENDIX 18. 

ANA LYSIS OF VA.RIANC~ OF% MC. nf H.R~~3: . 

SOUHCE DF ss ~~: .s r C.nL ? ;1;:;~ 1PC F d...:.~ 5PC LSD 1 PC L.::;D 5PC 

R.C:PLICATE 3. 0. 883 c . 294 0.307 I;. 20 2. 79 

TR'::AT!-'.ENT A L, • 142.957 35.7_i9 57 .257 3 .72 2. 56 0 . 921 0 . 693 
TRi.'"' T~1EK T B 3. ·1u. 221 I, . 7h8 I,. JI.J.2 Lt . 22· 2 . 79 8 . 824 0 . 619 

AXB IN TE.RAC TION 12. 40.528 3 -37? .3 .521 2.56 1. 95 1 .842 1 . 385 

ERROR 57. 5u. 677 0.959 

COEFF VAR== 8 . 41 

MZAt1S FOR ,H.5 lN .1.':;:r1:: r:::::::t; Ei,-..NS :?O.~ .;:;r,.,,CING 

CONTROL FHC ::'LC ...3HC ;:,LC 

3ox30 CM. 9 . 081 12 . 056 1 4 . 011 12 . 509 12 . 479 12. 027 a 

20X20 CM . 9 . 734 10. 871 1 3. 606 12.519 12. 154 11.777 a 

15X ~5 CM. 10. 829 11.331 111. u29 12 . 039 1 0. 601 11. 846 a 

10X10 CM . 9.886 11.6u4 13 . 851 1 0 . 264 9 . 01 9 10. 93.3 b 

MEA NS FOR 

CUTTING 9.882 11 • 475 13.974 11. c,52 11.063 

d b a b C 

FACTOR A rs CUTTING . FACTOR BIS SP~CI~G 



APPENDIX 19. 

ANALYSIS OF VARiilNC~ OF GiR:-:1 :-:,..:.'1'..;:; 1 • ••••• , ·, , . , 

;,"'\ ...'.J s.1 . ..1 ,_, .... •J \..., (' 

IMMEDIATELY .;.FTt:R HARV;I;SI' A~!D ,,F ':~:~ .:3;~.:~,.~:.:. 

SOURCE DF ss r-:s 

Rl::PLICi'.\TE 3 . 8.065 ? hCQ 
I.. . .. ._,. -•• 

TRiATMENT A 2 . 7729 . 633 5(% 1~ . 8·1 :) 

TREATM ~N'l' B 4 . 1374. 166 3L3 . j!i ', 

AXB INTERAC TI ON 8. 2701 .033 5)'? . [~· 29 

BRROR 42 . 115 . 433 2 .748 

COEFF VAR= 4 . 23 

HSAN S FO~ A:rn rw;:1.::;;{ ;, •:::T10N 

' .. '. ' 
-.,J-...J -1-I ~~; :JC'.: ':'IC:; 1' '.~ LL ,.,. .:' JIFF .:; ;E~il' '.f:tRV .:::.ST3 r.:::s:r.~u 

r Cl,L F R.:::~ 1PC F d:~ ~ 5PC LSD 1 PC LSD 5FC 

0 . 973 4 . 31 2 . 81+ 

1 !, c6 . 1 99 5 .1 ~ 3. 23 1 • 4: 8 1 . 060 

~2 1, . 996 3 . 83 2 . 61 1 . 330 1 . 368 

1 22 . SL;5 2 . 99 2 . 18 3 . 170 2 . 370 

1~~N 5 FOR CUTTI NG 

AT HARV.SS'l' AFT~ R 6 .\ 2:2:Xf3 i ,?T.:;H 12 /:::,::::1(.S 

CONTROL 

FHC 

FLC 

SHC 

SLC 

MEANS FOR 

STORAGE 

9. 251 
16.251 

39.501 

26 . 001 

28.751 

23.951 
a 

s ToH;.ss 

39 . 001 
36. 001 
45 . 001 

57 . 251 

34. 5c1 

42 . 351 

b 

FACTOR A I S STORAG~ . FACTOR BIS CUTTI NG 

3 TO Kj.\ J ~~ 

li8.75 1 

53 . 001 
113 . 201 

52 . 75" 

5S . 501 

51 , 201 

C 

32 . 334 a 

35 . 084 b 

1+2 • 501 C 

1i 5 . 334 d 
1+0 . 584 e 



APPi NDIX 20. 

ANAL YSIS OF VAR inNC~ OF H~2D SitD 2~2C~[;tl3~ ~~- ~~~J ~dC J ~~TlCN ~J l~L ~T JIFF~J~NT ~n~V~STS T~3T2 D 

I MMED I ATELY AFTER HA ~VEST AND AFl~l 3TO~~G~ . 

SOURCE DF ss M3 F c;,1, 

RE PL IC ,:. TE 3 . 3 . 250 -1 .• o,33 c . y; 1 

T.ctEATM.:::NT A 2 . 8360 . 100 41 80 . 050 1972 . 6c8 

TRE,~ TM:::NT B 4 . 1 t1 01 • 733 3jo. 1J33 165 . 373 

AXB INTERACTICN 8. 2853.56G .3 56 . 695 16C. 3. 2C 

ERROR 42 . 89 . 000 2. 11 9 

COEFF VAR = 2.63 

MEANS F02 A:·(B HiT~i~r,Cl'IG~ 

AT H,~RV2ST AFTER 6 .EEY.3 1-\ E' I\:.~ t~ 1 2 .'i ~ E r( S 

CONTROL 

FHC 

FLC 

SHC 

SLC 

MEAN S FOR 

STORAGE 

87. 001 

79.001 

56 . 251 

68 . 751 

66 . 001 

71. 401 

a 

STOR.,GE 

52.251 
58 . 001 
L~9 . 251 

38. 25 , 

58. 751 

51 .301 
b 

FACTOR A· rs STORAG E . FACTOR 9 13 CUTTI NG 

STO t~ACE 

118 . 501 

41 • CO: 

5.? . 50-1 

1,1.501 

33 .251 

4.3 • .3 51 
C 

.f 2£ ,~ 1 PC F iE ,r: 5PC 

le • 31 2 . 84-

5 . 18 ~ ') ., 
;J • L) 

3 . 33 2 . 61 

2 . 99 2 . 18 

~EANS FOR CUTiING 

62 .584 a 

59 . 334 b 

52 . c68 C 

LJ . 501 d 

52 . G63 c 

LSD 1 PC LSD 5 PC 

1 • 245 0 . 930 

1 . 607 1 • 201 

2 . 783 2 .080 



APP8NDI X 21 . 

MCISI'U ,~i CONT.:::NT AND r-:iAN RZ.SUL1' CF F.'; ,,i\:D DN OF INDI'v'IDU .. L 

D,:.Y:.:i " ? T.:; rt F'' 1/ 

[CLLD.1 l'lCN I.~ I ' ' '[) l ·J !. l • V ,:'J J 

10 0 • .::3 

13 0. 1·3 
16 o. 91 

1 ') 1.78 

22 2 . 1.9 

25 2 ,5;.; 

28 3 . 03 

31 I . } 
.,I • .,I • 

::,J: 11. 04 

37 4 . 45 
L, 0 4.52 
Le') 3 . 75 

55 3 . 06 

75 2.05 

D"' .. 
, ·r, I . .., 
J.~1 , 1 • ...; L1Jl'• U 

c . 09 
0 . 11 

O. ?O 

O.yl 

0. 57 
0 . 60 

0 . 74 
o.86 
1.19 

1 • j /1 

1 . 8y 

1.79 

1 • '/:· 
.,, ,.,, .. 
I • r' \"} 

,'i :~ iCJ Hrr OF 

t. ~, l ~; ..:1 r_ ! rt~ 

; • : • 11.SE~tD 

0. 17 

0 . 33 
0 . 71 

1 . 39 
1 • 95 

2.29 

2.48 

2.85 

.3 . 09 

::. . 63 

~~' . 39 

1.96 

1.23 
(' ") ,-
\...· • L ~ 

'7 c; 
I_., 

77 
78 
~,-, 
( ( 

76 

76 

75 
'7-:;; 
I •-

70 

52 
}, ..., ,,_ 



APP.C::t-;DIX 22. 

GErt MI NA TION R£SULTS AND TZI' RA,_;QL I CJ.. ES 'i' t\..:.. ,; l! U 1 0 v'i F:~_:;,s :i:_,y i1.,1'JS..;.r.:;~; .S ::";.:;D O? DI.F.?.:;.:<.:;:,; r ,3;.::;n ,'.Gi GHOUPS . 

a. TE STED I MM.:::D IA TELY AFT.i.:;R :ii,RV:ST 

DAYS AFTER 

POLLI Nit TIO N 

10 

13 

16 

19 

22 

25 

28 

31 

34 

37 
40 

49 

55 

75 

NOR MAL 

SEEDL I NG 

3 

7 

1 0 

11 

75 
79 
93 
95 
96 
92 

• Fresh ungerminated seed. 

ABNOirnA .L 

s~:::DLING 

2 

7 

6 

13 

10 

17 

5 
Lf 

Li. 

2 

H,1~D • ? . 3 . 

S :,' ·., 1' 
- ·· ,., J,.,.) 

- -
- -
- -
- -
- -
- -
- -

-
- -
G -

'l'G L , L 

VIn.Jl~I ~Y 

5 
14 

1 6 

2L1 

85 

96 

98 

99 
100 

100 

J:::A D 

.S ~~SD 

1 0 0 

100 

1 CO 

100 

95 

86 
84 

?6 

15 
4 

2 

1 

T. Z. 

VIHBL3 N" " 1 U ~ ~ VL -i. BL.:.: 

10 90 

7 0 3 0 

90 10 

90 10 

911 6 

94 6 

96 4 

98 2 

100 

100 



APPi:NDIX 22 CONT ' D 

b . TESTED AFTER 3 MONTHS STORAGE 

D..:.YS AFTER NOi:{f'iAL AJNORi1i,i. L H ...... RD ~ ~ 

J: • .t,J • 
~,... ~, .... 
lv .1.--i.u DS:;.D 

POLLINAT ION S3.SDLI NG s2s~11r;G .::; r~ ~: i_'} ./I,~::, Ii..: TY S~i D 

10 

13 
16 

19 

22 0 2 - - 2 

25 5 3 - - V u 

28 6 4 - - 1 

31 8 10 - - 18 2 

34 40 7 i1C 87 18 

37 49 4 45 1 94 1 

40 38 3 59 - 99 1 

49 21 4 72 2 99 1 

55 19 2 79 - 100 

75 18 j ~;o 
' ., - ~ 00 



l\ PI·SNDIX 23. 

DAILY .M,..XI MUl-1 AND MIT~H \UM Ti MPE Ri\. Tlli{~S oc RECOR DE D 25 CM • M~OVE 

GROUND L.S V£L. 

DA TE Ti~ff_::;rt ,, TUR..:; DA YS OF l1H~~ ;, G ....... K :1.C: iKLY 

1 2 3 4 5 G ,.., ., V 2ctr1.G£ ( 

11 . 10.76 M~X. 20 25 25 ;~ 1 1 8 1 7 16 20 

EIN . Q 8 12 9 12 14 111 11 ., 

1E: . 10 . '76 fv: ,1 J. • 21, 20 2.? 20 20 17 23 2•i 

WIN. 11 13 8 3 11 9 1? 10 

25 . i C. 76 M,1. X . 1 ? 13 1:., hi A \) 19 '"), 'I 19 I l., L\..,. 

MIN . 10 '7 3 ') 3 7 12 11 I l 

i.11 . 76 1''' \f 
1 ·; ~ \ \. • 22 15 1 ') .., " L. \ _ _. 

,}, 
L'• 21, 2.i. 21 

,,.-, ".T 
~ 1 3 C () 

10 q iO 9 • ~i .L l , • \. " ., 

.~. 11 • 76 ~'.:,X • 20 20 c.6 20 ') , 19 l 1, 20 ~.., 

:-! liJ . /; 1 ;, 11 ' ,- 11, 1 ~ ., 10 I-• .) I 

'1'1 , 11. 76 h', r j () 1 9 ,""I 1 ') : 'J l r; ''. 19 l·• J t .\ • r_ .._# I ~) 

~ _, ". r ' " -, 1 ,'.: 1 -, 
' 

~ .., 7 10 l"J .l. .1.,., ' ,_ r. 
✓ 

2~.11 . '7•~ :-:/\ \ . -, 7 ",(" ,, ' ,--: 1 -, ;:,, )'' ") 7 
'- ./ ( ) .::. _ J 

f·'.lN . 7 ~- " -, .. , 
" --, -; lO ! ... • ,> I ' ,_ 

2n . 11 . 7:) i :.-. '{ • 2 .i~ C:::0 2? - ') "'),-, .: 1 -, 23 L \., _, 

l·'.l i'! . A '\ 0 1,> ' .. ,J '1 ') 1 .:- ,) \...,; 11 

6 . D . ';'G Mll. X . 25 27 30 20 ,? 1 2 '1 -:,., 27 
/""' 1 ,s 15 ·1 1 ,.. •-, 1 .., 1 /~ 1 7 '14 •· • ..1. J-i . ·, '_,.· 

1 5 . 1 ') . 76 I-:.\ ' • 2·;· 25 2S 21 ?2 21 -, " ,..,, 23 

f·~IN • 16 13 '13 11 1 1+ 1_5 1 ,: 13 
20 .1 2 . 76 ~, . , 

• 1 .t\ .\ . • 19 20 2 2 22 ;:2 22 2'• 22 

Mm . 1G 13 11, 12 15 1 /, 14 14 

2 '? .1 2 . 76 !~, X • 22 18 15 15 15 1 8 •yz 
C. .,I 22 

~u r.; . 15 12 10 10 11 10 1? 12 

3.1.77 MAX . 26 26 23 2 4 22 22 23 24 

MlN . 13 16 14 13 10 11 8 12 

10.1 . 77 MAX . 19 2l1 2 1, 26 27 28 23 24 

MIN . 7 12 10 12 14 11 

17 . 1 • 77 MttX . 21 19 22 ') 7 
L~ 24 23 23 23 

MIN . 111 12 114 13 10 9 8 11 

24.1.77 MAX . 23 27 22 25 23 28 25 25 
MIN . 13 17 14 13 15 15 13 14 



APPENDIX 23 CONT'D 

D,11'1': TEMPERATU.22 D_qy;:; OF THi ,. bE K ,,"EEKLY 

2 3 11 5 6 7 :\ V :<:JAGS 

31. 1 . 77 !·1 ,L'( . 27 27 26 2 11 2r u 26 27 26 

MIN . 1 r: 1 '7 1 S 15 15 15 17 16 ' ( I 

702.77 H.\:( . 2 11 27 .3 1 1. 7 7 7 31 , q 31 _,J_,./ /..,, .,.I ' . .J 

MU: . 17 ~4 1 I . 15 12 111 26 16 
11.i . 2 . 77 ., ... , 2'? - 2s ,/, 22 27 28 26 l"1 l\. 1\. • 2o r_ 

MIN . 1 ,, 1 5 6 ' 1 11 1 4 1? 12 
?1.2 . 77 l-'.li.X . "2......, ~ P 2c )'; 33 2e 38 32 ,/ ( c~• u 

i-~ l ~; . 1 '7 10 16 13 17 16 a ;: 1 c; 
'I lj ' ./ 

28 . 2.77 l·,.1X . 28 28 32 )5 32 l, ? 57 53 
:'.IN . 1: 15 14 ~ ~ 

':) '1 5 12 A ') 
I r ·1 It 

7.3 . ?7 :-~n.J{. .39 37 25 42 7-, 36 .- ~ 35 _;r_ 
./ 

;-: I:\ • 20 1 I., 18 1 5 1 3 '7 10 14 { 

111 • 3 . 77 ~ .. · .. , '( . 3'" "Z, ") 
_, L 31i j 7, ~) 'i 

C. I 26 7("\ 
.,Iv 

., , ... ,, 15 15 1} 1 ?. j 11 1 5 ,•.1. ...i. l 'f • 

.:-.· 1 • ) • ?7 r-_;t .\ .. 33 33 27 ..,, 35 7, . 
_, 'v j~ 5?. 

r-~ 1 :,J • 12 8 10 1.5 , ') 

'- 1? -1 ;1 1 i 
) :. 1 r-,r1 ,_, , 1 7 1 ') ~o 2? 31. 5? 51 - J • ,,,I • ' { .-i.- -.. .\ • - _,J_,./ 

~-:I:~ . lo 13 16 1 "., 1.:' 1 7 
.,,I ' 13 

11 . ,: • 77 ). . . ' ~ 31.;, -~ ') ;.c 7 -, 7 .,_ 7 • 52 .1.'1.\.,\ • _, L... ,.IC _._,, _,./_,J 

i j .i: ~; • 11 9 Q ; 1 10 1 1 10 
11.I• . '/'; r-:" _. • 25 )C 7 7 y. ?8 24 112 < A __ ,., 

.,,I: 

i·,:rn . 1 /1 16 0 r 
5 12 1 ;1 11 ,, ') 

12 . L.77 I·11\.X . 30 35 211 2( 23 ,2? 2'• 27 
M.lJl . 1 11 13 1 ,. 1 2 20 16 15 15 

25 . 4. 77 M,1 ,{ • 25 31J 27 18 25 25 25 26 
~·:IN. 8 7 Ii 6 6 5 10 6 

2.5.77 E;..x . 25 22 16 23 26 18 16 21 
MlN . 9 I.,_ 4 2 3 10 li 5 

9. 5.77 MA,< . 25 26 19 26 18 25 19 
t,;JN . 9 4 11 !1 12 4 1 6 

16.5.77 MAX. 19 20 17 17 19 20 21 19 
~;JN. 10 3 2 3 4 6 5 5 

23.5.77 MAX . 21 21 20 21 19 18 16 19 
MIN . 13 4 11 12 10 10 8 10 

30.5.77 MAX . 17 18 19 20 19 18 19 
MIN . 9 11 3 2 5 2 4 



APF::::NDIX 24. 

DAILY {":AX I MU l·'. AND r:nnr-.vM RELATIVZ Hl'MIJITY P .C:RC...;NTA.G SS Ri'.:CO.rW~D 

25 Ci•;. ,,BOVi GROUND , ·r,r "T 
~.....J " ...J.W • 

D, , T:~ ·,I RH Df,YS Oi' TI!:-; .',1•:~K :;~SKLY ;O 

1 2 3 /.1 5 6 7 n.\.'~rtAG2 

11 .10 .76 r-~1 \X • r-:,Q 85 97 97 97 79 ry ,Q 87 /V { ~ 

Mn; • hC 55 Sfi 76 53 52 64 57 
18.~o.76 !<AX . ·]6 97 97 97 83 95 96 94 

;,ilN . 72 72 65 55 65 70 7€: 68 
25.10.76 ;.1,·\ :\ . C;J 

v...J 
0,... 
;O 83 97 9e 97 93 

r-:n . 62 60 59 5h 54 58 
1 • 11 . 76 1'~rlx • 9,:: 96 97 g3 97 97 qr, .,, ( 97 

i"-'1~! -I • 70 75 51, so 52 5c 50 57 
8 . 11. 76 'l,I . • , 

i "LJ\. ,\ • 
9,... 0 94 ')7 97 96 97 9? 96 

r·~~ _;_ N • 60 61 52 56 63 6h '? ·'J 62 
1 5 . 11 . 77 1•11~X . 96 96 91+ 96 9'7 98 96 

J✓ lN. 70 70 1+2 60 66 62 
22 .:1.76 ~-Jl\x . 9G 97 91 r.5 9G ')6 97 96 

r-. I I~ • 51, 53 5?. (__,.., r I 
I . T 59 56 

29.11.76 j,.n :( • 97 96 oC: S·~ 9G 96 ~,... 
96 ,I ' ';}0 

j.:IN . 5.:i 35 70 
r 0 "7 ~ 52 50 57 :)(, I C. 

6 . 12.7G ;:A .{ . 02 90 97 97 9~ 96 <)5 
:,:rn. 51. 50 fiO 55 r ") 53 54 _.,IC 

1.5.1 2.76 l\ . • -~ 
l"lrt \. • 91; 93 93 Jl.i oh 91, <]L 94 
r.:,.: r; .. 62 56 52 ,... - 55 5.S 6 ~1 58 '.)~' 

20.12 . 76 !-:;\ .( • 95 9'+ 9h 95 95 95 95 95 
V;IN . 50 68 72 60 65 68 68 64 

27.12.76 MAX . 95 95 95 90 94 91+ 93 94 
MIN . 62 68 58 64 62 54 62 61 

3. 1 • 77 MAX . 92 911 94 94 94 92 92 93 
MIN . 78 60 58 58 58 65 64 63 

10 . 1 • 77 MAX . 94 91• 94 94 94 94 94 94 
MI N . 68 62 66 62 54 54 58 61 

17. 1 • 77 MAX . 92 97 96 92 92 92 92 93 
MIN . 55 51+ 55 53 40 58 62 54 

24 .1. 77 MAX . 95 98 95 95 95 96 95 96 
MIN . 74 58 82 75 80 68 70 72 



! t PPI:.:NDIX 24 CONT' D 

D,,Ti ,./ 
,o RH J,.,.y.:; CF I1i:'~ .. ;~~K ::s..::KLY 

1 2 z 4 5 6 7 !. V.~l~iiG3 .,, 

31 .1. 77 i"1iJt X • oc; ,, ., 95 95 C) c:, 
').,, 95 95 95 95 

, 1 7 1'1 
j l .J.. 1 •~ • 72 65 61+ ')h 66 78 68 67 

7 . 2 . 77 M.ttX . 95 94 oc:: 95 QC:, 95 7c. 92 /,/ _, .,, 

r.i: 1r~. 70 60 60 55 50 50 L~. 56 
111. 2 . 77 NA X . 91, 93 91, 9 11 91J. 94 91 .. 94 

rn:. 118 43 38 50 75 63 4 r, _, 52 
21 . 2 .77 :{ :t X. 91, 9 11 94 9I· 91, 911 93 94 

'.''.IN . 115 62 56 53 56 56 I, 6 53 
?3 . 2. 77 t•·:.>-:. x . 96 94 95 92 nr ,,,,, 9) 95 95 

r-: n~. '?0 62 51, (..7 Go 5.3 r::: 61 ~ _, .,, .J 

7.3. 77 M~~ X . 91i 9 11 95 95 95 95 911 95 
! '.Vi . 55 68 82 50 55 511 62 61 

111. 3. ';'"? 1-:."tX . •:)C 
/,,I 95 95 )j 95 95 J; oc· ,,-;> 

!•:I;~ . )} 56 51, r· ": L.3 ,,. .., i":.. L, c::c:: X Oc_ - ~ ,,I .,, 

2..., L_ r·71'""7 
j • .,./. / ;.:.i~.,: • <;O 91, 91; 9.'> q c; ,, - 95 39 93 

'. - ll ,,n G4 /7 '" r 5C 58 I: t~ (:j'5 I~ .j .1 , . C t - /U 

2~: . 3 . 77 " . 91 91. cc:; :)'1 s, 5 '] l 91, 91. J".i\ .\ .• // 

!-::;:~1 • ',h 65 32- '.).? - -, 52 l17 58 .::.~ 
1
1 . 11 . 77 '~ 'I .. ·, ,\ 4\ . 95 91, q', -., n .":. q ') 9h 9.~ 95 ,, - ,,., 

l :1r, . 1,0 50 5G 54 52 52 ~,C 52 
11 • ·I , /~; J\. 1. l l._ • ')) 9.5 9 11 911 91, 9..5 " l ;.,, 94 

EIN . G2 62 60 r - 50 75 jr?. 58 oc: 

1 8 . 4 . 77 ~iA X . qg -~ 95 9.5 98 93 98 9t~ 96 
MIN . 

,,._ 
65 72 70 72 82 75 72 0 ) 

25.u.77 rAX . 98 98 98 98 98 98 97 98 
MIN . 68 34 49 76 1+2 56 68 56 

2 . 5 . 77 MAX . 95 98 98 98 93 98 97 97 
HIN . 63 91 82 46 60 48 70 66 

9.5 .77 MAX . 99 99 98 99 98 98 99 
MIN . 60 56 82 56 62 56 62 

16.5 . 77 MAX . 100 100 98 96 57 94 45 84 
MIN . 50 54 52 51+ 56 55 38 51 

23 . 5 . 77 MAX . 100 100 96 98 97 100 100 99 
MIN . 48 49 51 54 52 80 56 

30 .5 .77 MAX . 100 100 97 96 95 98 100 98 
MIN . 83 53 5L 60 79 52 90 67 



APPENDIX 25. 

A SUMMARY OF WEATHER CONDITIONS DURING THE 

RIPENING STAGES 

DAILY MAXIMUM DAILY MINIMUM 

PiRIOD OF RIPENING STAGE TSMPiRATUHS Tf,;MPE:RATURE 

HARVEST DATE VARI,HION oc i/ARirt'rION oc 

CONT ROL PLOT 10 MARCH - 15 APRIL 19 - 42 7 - 20 

FHC 24 MARCH - 29 APRIL 18 - 38 4 - 16 

FLC 30 MARCH - 4 APR IL 16 - 37 2 - 16 

SHC AND .StED 
D~V~LOPMENT 
TBIAL 15 APRIL - 20 MAY 16 - 35 2 - 16 

SLC 23 APRIL - 24 MAY 16 - 25 2 - 13 

THi NUMB~R OF DAYS HAVING RA IN MORE THAN 1.00 MM. WAS 4, 6 1 15 

AND 14 DAYS I~ FEBkUARY, MARCH, AlRIL KND ~AY R~SPECTIVELY . 



AP END I X 26. 

·t\X IMU M TS.JFt:RA ' 
0 

Dl~IL Y AND Ml.'11':U/1 u :{J~ ," i~~,~::;or<DtD I N THi~ .J 

L BOU,, TORY . 

D,-.. TS T~l~f- ::.;:v,. TU H '.~ JAY S ,, C-' ·:tH w~ ;',' .. ~~K i'i2~KLY 

1 2 3 h 5 /' 7 ., VZ ILGE 0 

21 . 3 . 7 r-.~ ,\ X • 2 1~ 24 22 21 
' 

:)..., _c 22 2L 23 

MIN . 2v 20 20 19 18 17 13 10 ,. 

28 . 3 . 77 MAX . 23 .... , 
c.../ 21, 25 25 23 21, 24 

t~I T i 
L i ..I.. l e 19 18 2,, 20 20 21 20 20 

It • l1 • 77 i'-i,~X . 23 21, 2 }; , 7 2'1 21 ?. ;, 23 ' _, 

MIN . 21 20 13 '19 , 0 
I,) 18 1 J 19 

11 • Li . 77 J·l,\X • 21 ..... ? 
C:. <... ?'' 

•- I 21 '") A 
C. l 21 2 1 21 

;·-1IN . 19 18 18 1 7 1 7 19 13 18 

1 8 . L, . 77 l·L\ . 22 22 2'i 1 () 2 10 2·1 20 ,· ,, 

:-ilt,'. • 1 7 1 7 1 6 1 (. 1~ 16 16 16 
25 . u . "77 f :_. , X. 1 ,3 21 19 1 () 

'l., 1 2 ~· 2-~, 19 
j,:rn . 1 5 16 15 1 2 14 "I 7 1 '.> 15 

') [~ r7 r7 M,1:( . ' () 1 9 1 Q ~,-. ')I" 19 '9 19 C • ./ • t ,. u --:::-., 'v 

>: 1~ ; . 13 1 I, 1 ,, 1 , 11. 13 12 1 > _, ; .) 

9. 5 . 77 t ' • ., r-: 17 A r, ~.., -· 19 A C 
1\1 • "\. .' .. • ' ( I f ; ( I l, 

~-.1 !': • 1 ?- 11 1? 1 r1 1 --, 16 1 ~- 13 ' C: 

1 ?~ ,- -1--, 
._, • •• ) • I ( ;.;, , :( . 17 15 15 A •) 1 ) 20 1 :, 1 '7 

,1 _LN . 13 12 11 " " I ,; 12 15 15 13 
23 . ';; . '!? 1\~,.,,X • ,Cl 19 19 :: . /' 1 '7 1 '/ 18 / v !o I 

l•'.lN • 15 16 1G :6 1j 12 1 r:, _, 15 
30 . 5 . 77 i~h x • 13 13 19 1 0 

" 20 17 17 18 
MIN . 15 15 11.i. 14 16 17 16 15 

6. 6 . 77 M' X. 17 17 18 20 2 0 18 17 18 
MIN . 16 15 15 15 15 1 L1- 15 15 

13 . 6 . 77 MAX . 21 19 19 20 20 18 18 19 
MIN . 17 16 16 16 18 15 15 16 

20 . 6 . 77 M. )'. . 21 1 7 19 1 7 20 16 17 18 
MIN . 16 15 13 15 14 13 15 14 

27 . 6 . 77 MAX . 18 18 19 19 20 19 17 19 

MIN . 15 15 15 15 13 16 13 15 

4. 7 . 77 MAX . 15 18 17 17 18 19 17 17 
MI N. 12 11 12 12 13 13 12 12 

13 . 7 . 77 MAX . 20 19 19 20 2 1 21 20 20 

.MIN • 14 12 12 14 16 16 15 14 



.. 
APP.6NDIX 27. 

D,ULY MA XI MUM AND f1INIHUM RSLHTIV...: HUi-lIDI l'Y .L1,..;RC!::NT.:l.G.i:: EL.:Cu RDE:D 

I N TI{i:: L'd30~,\'~0l~Y . 

D ·p:. i\. .... .....i 
1r:•~ l<l' ~I~ A 11

~_: ~~ ::; D,ly;3 u:-· 1:,? .. ' 
..1..r!t:J /, .1~-~K .",'i~KLY 

1 2 3 l, 5 6 7 r\ V.SiVlGE 

21 . j . 7'? !v~n. X • 60 60 6? 65 6,? 59 60 62 
hrn . 48 56 Go 5,3 r I. 

7' 56 56 55 
28 . 5 . '?7 M"X . 53 62 73 ,....·'" 6h 70 65 66 (U 

,V. IN . 52 52 60 63 60 62 60 58 
4. 1-" . 77 t·"" X • 611 64 63 50 60 68 60 (_) 61+ 

I\iIN . 60 5Lf 11) 52 51t 60 6h 56 
11 • /, . 77 ;L-t~{ • 70 72 69 70 70 72 70 70 

i_.,IN . 67 63 61 61.; 65 68 68 65 
1 E, • Ii • 7 7 h ,, X. 68 68 60 G-'i '; ') 62 h8 61, 

;~~r~: . 62 l-18 51. 51. 67 53 60 54 
25.1.i . 77 !1LiX . 62 67 67 6h ,- Q 68 ,- ~ 65 l) I.,) CJU 

M:;: :J . 60 58 63 ?~C :;9 63 51. 60 
2 . r;.77 ._, ·, ,-~ 65 G9 ff 65 65 62 6/'.i , 1J l.1. • 0( 

' ~·• T T•T 
1! ..l..!1• 

,- ") 
Oc.. 62 63 6,5 62 60 5B 61 

) . 5 . 7? !\1: '.. . \ • 69 68 G1 '.,; 11 "'"' ( .>J 70 re 
'..JU C: 7 

H If: . 53 58 c: C r:o c, c, ,- 0 ?, 1 57 ./ u - ./ :Jv 

iG.:) . 7'? t.: .L\ • -· ') t;8 r r.., ~-' : ) 1 60 .:_,...., 65 (' .,,, ·' 

>. : T~l 61: Go - (.1 r:- " )C 5r· 5.S 56 i ' . J. 14 • :J ,) .)'~ .7 

23 . 5 . 77 ;~:1\X • 72 72 61, 6? 60 Go 6,; 6' 
;.;JN . 62 62 5f. 5.S :;8 58 53 59 

j0 .5.77 h,,.( • 68 62 59 63 68 6L, 6 ': 65 
IHN . 62 50 50 56 62 61 61 57 

6 . 6 . ?7 .t✓.i-..X • 64 58 58 58 54 48 55 56 
MIN. 58 54 56 50 L1 If 43 L1) 51 

13 . 6. 77 ii.AX . 58 56 60 64 60 58 58 59 
MI N. 49 52 56 55 58 54 50 53 

20 . 6 . 77 l-IA X . 66 55 60 59 59 58 64 60 
MIN . 48 52 52 54 48 50 55 51 

27. 6. 77 MAX . 65 68 6l1 65 62 61 60 64 
MIN . 56 62 60 59 54 54 55 57 

4. 7. 77 MAX . 63 63 62 62 60 55 63 61 
MIN . 60 54 58 58 54 53 55 56 

13 . 7 . 77 MAX . 62 56 52 51.! 58 52 50 55 
MIN . 50 51 50 50 50 48 48 50 




