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ABSTRACT 

This study was conduc ted t o evaluate the effects of dry 

fertiliser placement as a function of design criteria for direct 

drills. 

The study was conduc ted in three pa rts. 

1. Rectangular turf blocks (140 x 140 x 200 mm) of undisturbed soil 

were taken from a Tokomaru concretio nery silt loam soil, site of 

permanent pasture. Seed and fertiliser placement was achieved by 

removi ng 2.5 mm diameter soil cores at 20% (d .b.) soil moi sture 

content. Ammonium sulphate (21-0-0) was applied at the rate of 

-1 ( 60 kg N ha . It was either mixed with rape seed Bra ssica na p u s 

L. c. Tower) or separated from the seed by 10 or 20 mm of soil, 

horizontally or vertical ly. A control treatment had no fertiliser. 

Where seed and fertiliser were mixed or separated vertically by a 

10 mm soil core, seedling emergence was reduced significantly 

(P~0.01) compared to control. Whe re sepa rated horizontally by either 

1 0 or 2 0 mm of s o i l , or v er ti ca l l y by 2 0 mm of soi 1,., emerge n c e co u n ts 

were similar to no fertiliser pl acement . Initiation of emergence was 

significa ntly (P < 0.05) more rapid with 20 mm separation than with only 

10 mm or no separation (mixed) of seed and fertiliser. Maximum seed-

ling emergence counts were significantly (P <0.05) delayed when seed 

and fert iliser were either mixed or horizontally separated by 10 mm or 

vertically separated by 10 or 20 mm. Horizontal separation of fertil-

izer by 20 mm from seed produced significantly more height, weight and 

to tal yield than the mixed or 10 mm placements, harvested 5 weeks after 

sowing ( P < 0. 05) . 



2. An improved chisel coulter was used for drilling rape seed 

with simultaneous fertiliser placement in cultivated and uncult-

ivated Tokomaru silt loam soil under field conditions. Ammon-

ium sulphate (75kg-N ha- 1) was placed along with the seed, 

horizontally separated by 20mm of soil. Significantly greater 

plant populations(P <0.01) were obtained with direct drilled plots 

compared to plots cultivated a week before drilling. This trend 

was more pronounced at lower soil moistures (19-20% db) at the time 

of drilling than higher ones (23-37 %) . 

3. Direct drilling of large turf blocks (1.8 m x 660 mm x 200 mm) 

was carried out in the laboratory using both the improved chisel 

coulter and the modified version. The blocks were extracted from 

the same pasture as in 1 above. Horizontal and vertical placements 

of ammonium sulphate and mono-arrrnonium phosphate fertilisers at 20mm 
-1 from the rape seed and at rates of either 30 or 60 kg-N ha largely 

resulted i n higher germination and fewer dead seeds compared to 

mixed seed and fertiliser placements. Placements of fertiliser in 

wet soil and horizontal placements in dry soil tended to produce 

higher germination percentages and fewer viable seeds. The inter-

action of fertiliser x placement indicated that mono-arrrnonium phos­

phate (16-9-0) mixed with rape seed was likely to cause more dead 

seeds than at 20mm placement. 

It appears from the results of these 3 experiments that the 

horizontal separation of fertiliser by 20mm from rape seed was 

desirable from the point of view of germination, seedling emergence, 

initiation of emergence, delay in maximum seedling emergence and 

yi eld characteristics of plants. With this fertiliser placement 

arrangement plant populations in uncultivated soil were greater (up 

to 30%) than in cultivated soil. The improved direct drilling 



chisel coul ter was capable of achieving this fertiliser placement 

objective without mod i fication. 



1 INTRODUCTION 

Interest in direct drill ing i n many parts of the world is 

growi ng as farmers and re sea rchers experiment with this newly 

discovered, but anciently principled concept. The technique 

offers a number of advantages over conventional tillage practices, 

especially in the areas of conservation of energy, time, water 

and soi I (Phillips c t al 1980). 

Inorganic fer tili sers are an esse ntial input in modern 

agriculture . ln conventiona l cult ivat ion techniques , the 

fe r ti li sers can be applied through variou s implements and at 

different times of seedbed preparation, sowing or crop estab lish-

ment . The easily manipu la ted soil after tillage offers easy 

machinery penetration and thereby i ncreases fl exibil ity of 

fertiliser placement . In di rect drill ing fertilis er appl i ca tion 

at presen t i s lim ited to surface broadcasting or mi xing of 

fertiliser with the seed in the soil (if not in the seed hopper) 

during sowi ng. 

Some surface applied ferti li sers are at risk from vol at iliz­

ation or fixation losses and often depend on rain or irrigation 

water for their downward movement. There may also be preferent-

ial movement of water soluble nu trients down cracks and worm 

channels, thus dis t r ibuting the nutrients unevenly (Scatter 1978; 

Ka nchanasut et al 1978). Mixed fertiliser and seed may risk 

adverse effects on genninat ion and seedl ing emergence (Carter 1969; 

Baker 1979; Olson and Dreier 19 56; and Cooke 1960). 

1 



Direct dri lli ng, on the othe r hand , has often resulted in 

acc umulation of nutrients near the soil surface (Triplet t and Van 

Doren 1969; Drew and Saker 1975; and Ketcheson 1980) . The 

tech nique ha s given either poorer (Ketcheso n 1980; Riley et al 

1975), similar (Baeumer 1970) or increased (Tr iplett and Van 

Doren loc cit ) yields compared to conventi onally cu ltivated crops 

in response to appl ied fertilisers. Uncultivated soils have also 

been reported to be more resistant t o structura l damage (Hughes 

2 

and Baker 1977 ), and have resulted in increased soil moisture, 

ear t hworm population and improved soi l t emperatu re regimes (Tr iplett 

and Van Doren 1969; Soa ne e t al 1974) 

Despite evidence of the positive effects of direct drilling 

on soil phys i cal properties, which might or might not indirectly 

affect so i l fertility, there have been few reported expe ri men t s 

to examine t he relationshi ps between different methods of apply ing 

fert ili ser and seed, and plant responses in direct drilling. 

At t he same time the recent development of a chise l coulter 

wi t h the cl aimed capability of placing seed and fertiliser simult­

aneou sly , (but sepa rated by 20mm) in the soil, offered promise 

of greater f lexibility in fert il iser app lication during direct 

drilling (Baker et al 1979). It was by no means clear though 

whether or not horizontal placement of seed and fertiliser was 

superior to vertical pl acement by the same distance, or indeed 

mixing of the two together. The experiments reported here were 

therefore conducted to exp lore some basic aspects of dry fertiliser 

placement , main ly in uncultivated soil, under semi-controlled and 

field conditions . The primary objective of the study was to 



3 

ascertain the design criteria for simultaneous seed and fertiliser 

placement equipment in the direct drilling of cereals and brassicas. 
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2 LITE RATURE REVIEW 

2.1 Introduction 

It is now wel I known that ti nage is not absolutely necessary 

for crop production. Crops can be grown without cu l t ivation and 

even without soil . Cultivation is made unnecessary by using 

herbi cides to control unwanted weeds and grasses, thus substituting 

chemical energy for mechanica l power widely used for tillage operat­

ions. 

The terms "no-till", "no-ti llage" , "zero-tillage" and 

"chemical fallow" are common ly used in the literature . All these 

terms are synonomous and represent a description of the state of 

soil which has not been tilled. For the purposes of this text the 

terms "no-till", "no-til lage" will be used to describe such a soil . 

The term "direct drilling" as used in the text describes the drilling 

of seed, directly into such untilled gro und where the weeds may have 

been pre- sprayed to reduce competition. 

General aspects of direct drilling 

The technique of direct drilling has been c l aimed to offer many 

advantages over conventional tillage. These have included: increased 

trafficab ility (Bakerman 1970); reduced soil erosion due to wind and 

water (Unger e t al 1971); decreased water evaporation, and increased 

infiltration into the soil (Phillips and Young 1973); reduced invest­

ment in farm power and equipment due to reduced energy requirements 

(Allen et al 1977); and improved t imi ng of planting and harvesting 

operations (Phillips and Young lac lit ; Phillips et al 1980). 
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Bramley (1962) and Phillips et al (lac cit) considered that 

direct drilling also had uses in areas where conventional cultivation 

was difficult or impossible because of rough topography, high rain­

fall, erosion, stony so il s or in l ow -lying water-logged conditions. 

Crop residues, left on the surface in no-till farming, contribute 

to many of the advantages mentioned above. Phil li ps & Young (1973) 

stated that the residues reduced the hammering impact of raindrops , 

reduced the effective force of wind in dislodgi ng dry soil particles 

and increased water infiltration, resulting in reduced surface run-off. 

In thi s respect they felt that the residues compared in effectiveness 

to t hat of growing weeds or plants. 

Mathews (1972) considered that reduced evaporation from no-till 

soils may have been he lped by a decreas e in temperature of up to s0 c 

compared with cultivated soi l s. Burrows & t arson (1962) found that 

corn stalks reduced soil temperatures as much as 4°c at the hottest 

part of the day at soil depths down to 6mm. Similar temperature 

reductions down to a soil depth of 25mm were also repor ted by Phillips 

(1974) . Lillard & Jones (1964) found 2.8°c lower average maximum 

temperatures, and 2.3°c to 3.4°c less fluc tuations between day and 

night averages, with little difference in daily minimum temperatures. 

Phillips e t al (1980) considered that lower temperatures cou ld be a 

disadvantage when they delayed spring planting in areas such as the 

central and northern United States, or where the soil temperature in 

the no-tilled soil was below the optimum temperature required for 

maximum plant growth. In the tropics, however they considered that 

lower temperatures could be advantageous, where the soil temperatures 

were frequently above the optimum required for maximum plant growth. 
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There are also several disa dvantages associated with direct 

drilling. The popula tions of insects and di sease producing 

organisms, and the resulti ng crop damage could be higher than in 

conventional cu l tivation practices, because of a more favourable 

habitat , according to Ive ns (197 7) , Carpente r et al . (1978) and 

Phillips e t al . (1980). These aut hors also stated that most 

pesticides used in direct drilled corn and soyabeans did not move 

appreciably in the environment except by soil erosion. Because 

soil erosion was greatly decreased by direct drilling, the 

authors expected less movement of pesticides compared with convent­

ional tillage practi ces. 

Tripl ett et al (1978) found the transport of herbicides in 

run-off water from direct drilled fields to be no greater than from 

conventionally tilled seedbeds . Some pes ticides were degraded to 

harmless components in the soi l in a shorter period of time under 

no-ti llag e than under conventi onal til lage (Slack et al 1978) 

Thus although more pesticides were used for direct dr i lling, similar 

or lesser pollution was expected compared to conv entional tillage 

(Triplett et al , lac ci t; Slack et al, lac cit ). 

The lack of su i table drills for no-tillage farming had been a 

major factor limiting its wider adaptat ion by the farming community 

according to Leonard & Hart (1977) and Phillips & Young (1973), but 

a considerable amount of research work has been carried out to over­

come this problem (Allen 1977; Baker 1979; Koronka 1973; Logan & 

Gowman 1977) . 
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2.2 Design requirements of direct drills 

The terms "coul t er" and "opener" are sometimes used in the literature 

to des cr ibe different compo nents of a drill. At other times they are 

used synonomously. For descriptive purposes of this text the term 

"coulter" i s used by the author to describe the assembly on a drill which 

creates a seed groove. In th i s context a "coulter" may or may not 

include a pre -di sc in its assembl y . 

A seed drill is the on ly machine required in direct drilling; 

substitu ting for the t illage and drilling equipment commo nly used for 

conventional cultivation and drilling practices. Because of this 

elevated impor tance of a s ingl e implement it is not surpr isin g that some 

workers have suggested that the greates t factor limiting direct drilling 

has been the lack of a commercially available dri ll that would place seed 

properly in varying so il moisture and crop residue conditions (Phillips 

& Young 1973) . Other workers (Logan & Gowma n 1977) tested the potential 

of several conven ti ona l drills for direct drilling. The cou lter systems 

they investigated in cluded Suffo l k hoe, single dis c , and double disc 

types. The authors reported encountering the fol l owing problems: 

(a) penetration into unprepared soi l was diffi cult, 

(b) blockage from trash was unacceptable, and 

(c) contour following ability was inadequate. 

A similar problem of penetration with a hoe coulter was earlier noticed 

by Taylor (1967 ). He modified the coulter by fitting narrow tips to 

improve penetration and also to minimise soil disturbance. This author 

found, however, that the modified hoe coulter was unable to cope with 

loose trash and the drill as a whole lacked in necessary weight and 

robustness. Thus it became clear that specialist drills were required 
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for this exacting task, and many potential coulter types were 

tried. Krall et al (1979) evaluated several seeding methods and 

drills for comparison in recropping small gra ins. They tested 

variou s combinations of rolling coulters and furrow openers. They 

found that a flat (disc) coulter followed by a double disc proved to 

be the best combination when drilling into standing stubble. The 

coulter system tended to plug less and created less straw bunching. 

Earlier, Koronka (1973) had also noticed that this triple disc 

coulter was superior to disc-and-knife coulters except in stony soils. 

Krall et al concluded that in rocky soils the (disc) coulter and 

(following) opener must act independently to avoid stone problems. 

Even the criteria for comparison of direct drills have varied 

amongst research workers. For example, Koronka (1973) measured~ 

(i) the load requirements to hold the coulter at a desired 

depth 

(ii) tractor force required for pull, and coulter loading, and 

(iii) wear characteristics on the soil working implements. 

Krall e t a_z (1979) used the term "performance rating" for the compar­

ison of direct drills, based on the following criteria~ 

(a) soil movement rating; 

(b) depth of penetration; 

( C) amount of cut stubble; 

(d) bunching of straw; 

( e) seedling emergence; 

(f) plant stand; and 

(g) volunteer plants between rows. 

Baker (1976) on the other hand compared the performance of direct 

drilling coulters in terms of seed and seedling responses under different 
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soil moisture regimes. 

Similarly a wide range of views existed regarding the design 

requirements of a direct drill. Phil lips & Young (1973) stated 

t hat a direct drill must fulfil the following basic requirements: 

(i) Be heavy enough and strong enough to plant under adverse 

soil conditions, and cut through previous crop residues. 

(ii) Provide a narrow band of tillage for receiving the seed 

(50-75mm wide, 75-150mm deep). 

(iii) Plant seed at different depths with an accurate control 

of planting depth from 25mm to 75mm. 

(iv) Cover and firm soi l around seed. 

In drawin g attention to the limitations of existing drills to 

perform in untilled soils, Koronka (1973) and Phillips & Young (l ac 

ci t) stated that direct drills had to be capable of performing in al l 

types of soils and tillage sys tems. This clearly indicated to 

Koronka (loc cit) that a completely new drill with a new frame and soil 

working elements needed to be developed. 

special design criteri a as follows: 

That author further suggested 

1. Combined seed and fertiliser drill. 

2. Row s pacing 150 to 180mm . 

3. Superior trash control and cutting ability. 

4. Positive seed insertion with firm seed/soil contact. 

5. Seed/soil contact to be maintained under very hard or wet soil 

conditions. 

6. Wear of the soil working elements must not interfere with 

efficient trash cutting or seed deposition, or increase load 

requirement. 

7. Long life of soil working elements under hard working conditions. 
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8. Good seed handling characteristics for small or large seeds 

at any seeding rate. 

9. Good contour following by cou lters. 

10. Working ra te at least equal to conventional drilling rates . 

11. Power requirements within current tractor's range. 

12 . Simple operation. 

13. Reasonable price. 

14. Low maintenance requirements. 

15. Large adjustable hopper. 

Al though Koronka (lac cit ) indicated the need for a firm seed/ 

soil contact, he did not specify the seed requ irements in more 

detail. Baker (19 76 a, b) and Choudhary (1979) laid increased 

emphasis on the need to recognise the importance of the soi l physical 

environment in relation t o seeds and seed lings as a basis for direct 

drill cou l ter design, rather than to rely heavily on mechan ical 

exped ien cy alone . 

Fertiliser placement, as a desig n characteristic for direct 

drills, appears to have been one of the least considered criteria by 

research workers, although, Baker et al (1979) drew attention to the 

ability of an improved chisel coulter to place fertiliser horizontally 

separated from seed in the until led soil. 

2.3 Tillage, fertilisation and crop yields 

The literature contains some confusing accounts of tillage or 

no-tillage as the main treatment effects on soil nutrient status. 

Kupers & Ellen (1970) conductrd experiments with minimum tillage, and 

found that soil tillage (ploughing) had a favourable effect on yield 
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levels. Jones et al (1968) however observed that plant growth and 

yield of corn generally increased with decreasing degrees of tillage, 

while Triplett & Van Doren (1963) found no yield differences between 

direct drilled and conventionally cultivated corn. Baeumer (1970) 

observed lesser yields with direct drilling but concluded that the 

reason for yield depression in direct drilled crops was often the 

failure of seeding techniques and weed control. He further added 

that lower stand densities were caused by inadequate performance of 

drills. 

Kupers & Ellen (lac cit ) found that the response to nitrogen of 

crops sown on uncultivated soils decreased with increases in nitrogen 

levels. Bakennan (1970) measured the yields of potatoes on a light 

sandy loam; and rye on a sandy l oam soil in response t o both nitrogen 

levels and meth od of seedbed preparations. He fo und that at low 

nitrogen levels the yields were lower under direct drilling than in 

cultivated ground, but that at higher nitrogen levels yields were 

similar. Ketcheson (1980) found that increased nitrogen, phosphorus 

or potassium applications gave similar response patterns on different 

tillage treatments and direct drilling. Triplett e t al (1969) observed 

that grain yields were higher for direct drilling than for conventional 

tillage at all nitrogen level s. Similarly Jones e t al (1977) obtained 

larger fertiliser responses from direct drilled wheat than from where 

the soil had been cultivated. 

Low (1972) observed that the total nitrogen content decreased in 

various soil types when old grassland was ploughed. The nitrogen level 

showed a greater drop in the first few years after ploughing than in 

later years. This author predicted a drop of 75% of total nitrogen 
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after 20 years of cultivation. Gillespie (1980) also concluded 

that tillage resulted in reduced soil mineral nitrogen at seeding 

and increased leaching. He found that direct drilling conserved 

over 100kg of nitrogen per hectare, mainly because of reduced 

losses. 

2.4 Effect of tillage on germination and seedling emergence 

The type of tilth produced in a soil may depend on the implement. 

Shiekh et al (1978) found that different tillage implements had 

different effects on the emergence and subsequent yield of wheat. 

Comparing the mean establishment of ten cultivars of wheat in no­

till and conventional tillage, Felton et al (1980) found lesser 

numbers of plants in the conventional ly cultivated soil than in that 

which was direct drilled. Mccown c t al (1980) observed that the 

establishment of both maize and sorghum was more than 40% greater 

with direct drilling. Damour e t al (1973) found that the seedling 

emergence of rape and maize was poorer after conventional cultivation 

than direct drilling. Plant populations of cereals on ploughed land 

was lower than on direct drilled or shallow time cultivated plots, 

and the yields were 22% lower than after direct drilling according to 

Cannell et al (1976). 

The favourable response of seedling emergence to direct drilling 

was attributed to greater bulk density and earth worm populations 

found after direct drilling than after ploughing (Ellis et al 1977). 

Certainly no-tillage had resulted in improvment in soil structural 

stability over a three year period, according to Marston (1979). 

Hughes & Baker (1977) also found that a direct drilled silt loam soil 

was more resistant to structural damage than when it had been cultiv­

ated or rotary hoed for two seasons. 
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On the other hand, Triplett & Van Doren (1963) and Baeumer 

(1970) found that direct drilling resulted in reduced stand densities, 

although these did not result in yield differences. Baeumer (lac 

ci t ) poin ted out that lower stand densit ies were caused by the poor 

performance of direct dr i lls. This has subsequently been confinned 

by Baker (1976 a, b), Choudhary & Baker (1981 a, b, c) who have 

demonstrated differences in seedling emergence as high as 14 fold 

when comparing different coulter designs. These authors also pointed 

out that the effe ct s of coulter design could be expected to be more 

pronounced with seed l ing emergence than seed germination, especially 

i n a dry soil . 

2.5 Nutri ent and moisture distribution in direct drilled and cultivated 

soils 

There appears to have been limited work aimed specifically , at 

studying the nutrient and moisture distribution in the soi l profile of 

no-till and conventionally cultivated soils. The distribution of 

nut rients under a crop of spring barley on land, whi ch had been either 

ploughed or direct drilled for three years, was investigated by Drew 

& Saker (1975). After ploughing, concentrat ions of phosphate and 

potassium were relatively unifonn down to 200mm, the approximate depth 

of ploughing. In contras t, the authors found that direct drilling 

resulted in a higher concentration of phospha te and potassium in the top 

50mm and a marked decrease in the concentration of phosphate below 100mm. 

Similar effects have been reported by Baeumer & Bakerman (1973), Drew 

& Saker (1976) and Drew & Saker (1980). 

Earlier, Power e t al (1961) had concluded that the value of soil 

phosphate for wheat depended on water held in the soil at seeding plus 
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rain falling between tillering and earing. These authors suggested 

that cultivations which altered the water holding capacity of soils 

might the refore have altered the value of fertilise rs. Black & 

Siddoway (1979), Jones e t al (1968), Tripplet e t al (1968) and 

Soane c t al (1974) found that the average soil moisture content was 

higher under no-till than under conventional tillage. Jones et al 

(lac cit ) attributed the increased moisture storage in no-till to the 

killed sod on the soil surface , which reduced evaporation losses and 

aided recharge by maintaining good surface infiltration. 

2.6 Nutrient movement in soil and availability to the plant roots 

Barber et al (1963) described three principal mechanisms by which 

plant nutrients in the soil could reach the surface of a growing root: 

(a) The root may grow to the nutrient. 

(b) The nutrients may be carried to the root as a result of water 

absorption by the roo t. 

(c) The nutrients may diffuse from soi l to the root. 

Weirsum (1962) stated that average distances over which nutrients 

were extracted from water-saturated soi 1 were 2.5mm for phosphorous; 5mm 

for calcium, manganese and magnesium; 7.5mm for potassium and sodium; 

and 20mm for mobile ions. This author also mentioned that in the field 

only 2% to 5% of the whole volume of soil explored by roots was fully 

used by plants in reaching immobile nutrients. 

Barber (1976) stated that the efficiency of uptake usually reported 

for nitrogen, phosphorus and potassium agreed closely with the distances 

these nutrients could diffuse to get to the plant roots (nitrogen 10mm, 

phosphorus O. 2mm and potassium 2mm). 
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Ulysses (1979) observed that the source, which referred to the 

carrier of the nutrient as well as the method of application, influenced 

nutrient availability. This author found that the volume of soil 

contacted by a highly soluble phosphate fertiliser was eight time that 

of low solub i lity source. 

Welch ct al (1966) reported that placement wa s cr itical with 

phosphorous because it was a relative ly immobile nutrient. Efficiency 

of pho sphorous utilisation was greater where the fertiliser was mixed 

with only a portion of soil than compared to broadcast application 

(Singh & Black 1964). Placement of nitrogen together with phosphorous 

promoted branching of the roots of maize in the fertilised volume of 

soil (Duncan & Ohlragge 1958) . 

2.7 Effect of fertiliser on germination and seedling emergence in 

conventiona lly cu l tivated soi l s 

Seeds varied in their susceptibility to damage by fertilisers in the 

order: rape linseed oats wheat barley (Mason 1971). Germinat-

ion damage from fertilisers decreased as moisture le vels increased 

according to Smith & Woodward (1968). Carter (1967) observed a number 

of important differences in percentage establishment between plant species, 

fertilisers and rates of fertiliser appl ica t ion. 

as follows: 

These were summarised 

(a) Ammonium sulphate was associated with the lowest percentage 

establishment. 

(b) Fertilisers had marked delaying effects on seedling emergence. 

(c) Fe rtilisers caused slower rates of seedling growth and death of 

young embryos. 

(d) Crucifers were most sens itive, legumes intermediate and grasses 

and cereals least sensitive to fertilisers. 
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Seed germination and seedling establishment could also be greatly 

redu ced, parti cul arly by nitrogenous fertilisers banded with the seed 

(Olson & Dreier 1956; Brage et al 1960; Chapin & Smith 1960). 

Phos phate sources such as supe rphosphate reduced germination and 

emergence of small grains (Gu ttay 1957), and turnips and rape (Carter 

1969 ) . Guttay (lac ci t) obse rved that the severity of injury to seeds 

depended to a large extent on the following factors: 

(i) Soil moi sture conten t at the time of sowing . 

(ii) The rate of fertiliser applied. 

(ii i) The components of fertilise r used. 

Cooke (1960) found that with peas, beans, sugarbeet and certain 

vegetabl e crops, fertiliser in contact with the seeds often had severe 

negative effects on germination, early growth and final yields. Heavy 

applications of highly soluble fertiliser placed i n contact with wheat 

seed prevented or de layed germination and drastically reduced emergence 

(Olson & Dreier 1956) . Thos e authors concluded that nitrogen and 

potassium componen ts of fer tili ser were more detrimental than others. 

Snyder (1957) observed that on sugar-bee t, for a given fertiliser rate 

and placement , as the soi l moisture level was decreased, emergence 

was progressively delayed, and the percentage of emergence was lower 

at lower moisture levels. 

2.8 Fertiliser placement in conventionally cultivated soils 

The distances over which fertilisers may be accessible to the plant 

roots are narrow, so their placement is very critical. Fertiliser placed 

too far from the seed/plant may not be within its reach when needed, while 

fertiliser placed too close to the seed may injure young seedlings. 

Cooke (1951) observed that the heavy dressings of fertiliser normally 
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used for sugarbeet were extremely dangerous when placed either in 

conta ct or directly beneath the seed. This author found that single-

ba nd pl acement, 25mm to the side of seed and 75mm below the soil 

surface was not practicable due to drill limitations at that time. 

Fertiliser placed at 50mm t o the side at the same level as the seed 

caused no damage to germination. 

Nelso n (1956) sta ted that 224 kg ha-l of f ertiliser in the row 

-1 was frequently as effect ive as 448 kg ha broadcast for increasing 

corn yield . Ex pe riments at Jealott's Hill Research Station (Anon. 

1966) indicated that narrow rows (9.5cm) of barley showed a greater 

response to combi ne drilling with fertilise r than when in 19cm rows. 

The overall res ponse to placement in the 19cm rows was 4%, while 

with the narrow row dri 11 i ng it was 8%. 

Rich & Odland (1947) in a 3 year comparison of eight different 

methods of fertil i ser placement, found on ly small variations in tenns 

of silage corn yield . The authors observed that band application (2 

bands; 50mm either s ide of the seed at the same depth) was as effect­

ive as pl ough-so le or other deep placement of either all or part of the 

fertiliser. However there was more ra pid early growth and less weed 

competition from band placement. Cooke (1967) also observed a posit-

ive response of barley to band placement of ammonium sulphate, but 

calcium nitrate had no such effect . 

Ulysses (1979) emphasised the importance of an amp le supply of 

water-soluble phosphorous in the soil zone of germinating seeds. In 

this respect he stated that : 

"When a seed in the presence of moisture begins to germinate, the 
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starch grains surrounding the endospenn begin to break down and are 

converted to sugar to provide quick energy. During this conversion 

from starch to sugar , phosphorou s in the form of insoluble organic 

compounds in the seed is converted into water soluble forms. There 

is compet iti on between the young seedling an d the soil for the phosph­

orus that nature supplies in the seed to get the youn g seedli ng off to 

a quick and vigourous sta rt." 

Choudhary and Gupta ( 1974) observed that the highest dry matter 

yield of maize at the jointing and tasselling stages; and the total 

phosphorous and fertiliser phosphorous uptake was with phosphorous 

app li ed below the seed. The next best treatment to that was wh ere 

phosphorous was applied at both sides of the seed. The authors re­

corded the least yield, tota l phosphorous and f ert iliser phosphorou s 

uptake wi t h phosphorous broadcast at the time of sowing . Ham & 

Caldwell (1978) found that soybean seed yield and tota l plant phosphor­

ous were increased significantly by addition of phosphorous fertiliser, 

but found no differences amongst a number of placement treatments. 

Band appl i cation of phosphorous was more effecti ve at lower 

temperatures for corn (Ketcheson 1957), and clover (Robinson e t al 

1959) compared to wh en it was mix ed with the seed. Robinson e t al 

(lac cit) concluded that band application was particularly important: 

(i) for seedlings growi ng during periods of lower temperatures; 

(ii) for crops which made most of their growth during cold weather; 

and 

(iii) on soils low in available phosphorous, particularly those 

hi gh in phosphorous fixing capacity. 



19 

Sims & Andrew (1958) observed that where crops responded to 

the application of superphosphate, drilling with the seed gave the 

greates t yi el d increa ses . Where superphospha te was top-dressed 

before (Rudd 1972 ) or after (Smith 1967) sowing , the nearer the 

applicat ion was made t o the time of sowing, the more closely the 

yi eld in crease appr oac hed t o th at obtained with combine drilling . 

Prolifera tion of a barley root segment greatly increased , when 

it wa s ex posed t o a high phosphorou s concentration (Drew & Saker 1978). 

Roots of fla x and wheat i n contrast to that of rape, did not 

pro li ferate extensiv e ly around pellets of phosphorous fertiliser 

(Strong & Soper 1973). On the other hand, Aboulroos & Nielsen 

(1979) observed a high cor rel ation between root density and phospho rous 

recove ry bu t f i neness and dens ity of bar ley root s did not increase in 

the phosphorous f er t il ised soi l. 

Lawton & Davi s (1960 ) fourd that contact- placement of wh~at seed 

-1 with 5- 20- 20 fertili ser at the rate of 560 kg ha was more detrimental 

t o seedling emerge nce and sub seque nt growth than was s imilar placement 

with 5- 20- 0 fert il iser. These au tho rs al so observed that a compound 

ferti l i ser in a band either directly below, or 38mm to the side and 38mm 

below the seed wa s most desirable from the standpoint of emergence, 

growth and uptake of fertiliser phosphorous by wheat. 

2.9 Fertili ser placement in direct drilling 

The literature available on ferti liser placement in direct drilling 

appears to be very limted and unspecific, compared to dat~ available on 

ferti liser pl acement in conventionally cultivated soils . Jeater (1966) 
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observed no differences in direct drilled barley yield between 

combine drilled and broadcast fertiliser applications. Cornish & 

Fettel (1977) concluded that direct drilling would not increase 

phosphorous fertiliser requirements of young wheat plants, because 

of high mechanical resi stance observed in the soil due to no- tillage. 

Experiments in Illinois, U.S.A. (Anon. 1979) and the findings of 

Gard & McKibben (1973) showed tha t surface applied nutrients in 

direct drilling maintained yield levels simi l ar to convent iona lly 

cultivated crops, de sp ite their limited downward movement . 
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3 EXPERIMENTAL METHODS AND MATERIALS 

3.1 Introduction 

Three experiments (A, Band C) were designed to evaluate the 

effects of fertiliser placement on rape (Brassica napus) in field 

and laboratory conditions. Rape seed was selected because of its 

reported germina tion sensitivity to fertilisers (Mason, 1971). 

Germination, seedling emergence, fresh and dry matter yields, 

and leaf and stem analysis for macro and micro nutrients were 

considered to be important parameters in relation to this study. 

The separate experiments were as listed below: 

A. Small pot experiment 

B. Field experiment 

C. Large bin experiment 

Experiments A and C were conducted in a Tokomaru concretionary 

silt loam soil in controlled climatic conditions. Experiments B 

used a Tokomaru silt loam soil in field conditions . 

Different experimental techniques were used in each experiment 

in an attempt to answer specific questions related to the main object­

ive, having regard to limitations imposed by facilities and time. 

The experimental methods and materials are described separately for 

each experiment as follows. 
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3.2 A. Small Pot Experiment 

3.2.1 Experimental design and layout 

A complete randomised plot design, with six treatments and 

three replicates was selected, because apparently there were no 

identifiable sources of variation among the experimental units 

other than treatment effects. The treatments were as follows: 

1. Seed sown without fertiliser (0) 

2. Seed mixed and sown with fertiliser (M) 

3. Seed sown simultaneously, but horizontally separated from 

the fertiliser by 10mm (H 1). 

4. Seed sown simultaneously, but horizontally separated from 

the fertiliser by 20nm (H 2). 

5. Seed sown simultaneously but vertically separated fr om the 

fertiliser by 10nm (V 1). 

6. Seed sown simultaneously but vertically separated from the 

fertiliser by 20rm, (V 2) . 

The plot layout was as shown on Fig. 1. 

2.2.2 Co llection of undisturbed small soil blocks 

Rectangular soil blocks of 140x 140mm and 200mm depth were 

extracted from a pasture covered field with a knife and spade. Each 

soil block was placed inside a plastic pot of 150x 150x 200mm size. 

Soil moisture at the time of extraction was 50% on a dry weight basis 

(50% d.b.).at 25°c. 

The pots were transported to a glasshouse and dried to 30% m.c. 

at 25°c. Vegetation from the pots was removed with hand clippers, 

cutting as close to the soil surface as practicable. 



23 

Fig. 1. Plot layout of small pot experiment. Each plot 

is a separate unit, consisting of a pot of surface dimensions 

150mm x 150mm. 

I 1 2 3 I I 

I i 
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i 
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13 14 15 

R2 0 R2 V2 R2 H2 

16 17 18 

R3 Hl Rl V2 R3 V 2 
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3.2.3 "Pre-drilling" treatmen t of pots 

The pots were sprayed with equal volumes of Paraquat and 

Dicamba at the rate of 6 litres in 300 litres of water per hectare 

(2% solution) to suppress any weed growth on the soil surface. 

An aluminium plate of 0.5mm thickness and 120mm dia. was 

perfora ted with 20 holes of 3.5mm dia. at each of 30, 40 and 50mm 

radii from the centre, (Fig. 2). An additional hole at the 

centre, and three smaller diameter holes were drilled for marking 

and locating the plate on the soil surface during "drilling"*. 

Copper tubes of 2.5ITIT1 i .d. and 3mm o.d. were sharpened on the 

outer leading edges with a round file. Copper washers of 3.2mm i .d. 

and 6mm o.d. were welded near the leading edges in order to control 

the dep th of the holes in soil, formed by pushing in the sharpened 

tubes. 

One of the tubes was used to fix the plate in the soil through 

a specially predri lled hole. A copper wire of 2mm dia. was inserted 

ins ide the tube from the top end to the washer, in order to reinforce 

the tube strength and to assist with subsequent removal of the soil 

core by pushing it out after extraction. A loop was fashioned at 

the outer end of the wire to facilitate handling. 

* As seeds were in fact placed in small holes rather than by the more 

accepted definition of drilling involving creation of a continuous 

seed slot, the word "drilling" is used here in a broad context. 



Fig. 2 Tools designed and used in small pot experiment. 

Fig. 3 A typical view of the pattern of holes drilled for 

horizontal placements (front pot) and vertical or 

mixed placements (top rear pot). 
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Twenty equidistant holes at 40mm radius were drilled in each 

plot for placement of seed except for the H2 treatment, where 

horizontal placement of fertiliser was required at 20mm from the 

seed. In H2 plots the seed holes were drilled at 30mm radius, 

and the fertiliser holes at 50mm radiu s as shown in Fig. 3 . 

3.2.4 "Drilling" of plots 

After pre "dr illing" treatments, the pots were kept in a 

glasshouse at 20°c for air drying to 20% m.c. During the drying 

process some holes we re completely or partially filled by either 

ear thworm activity or soi 1 contract ion or both (Fig. 4). Such 

hol es were re-cleared at the same locations (Fig. 5) just prior to 

seed and fertiliser placement. In the separated placements (H1 
and H2) the seed was placed in the outer circle holes while the 

fertiliser was placed i n the inner circle holes. 

3.2.5 Placement of seed and fertiliser 

Rape seeds of variety "Tower", having 86% germination (tested 

in the Seed Technology Laboratory Massey University) were placed 

with a f or cep; one seed to each hole; twenty seeds to each plot of 

0, M, H1 and H2 treatments . Ammonium Sulphate (21-0-0) granules 

(which were si eved t o a uniform granule size of 0.686 to l.270ITTTI) 

were placed at the rate of 60 kg -N ha- 1 in all the treatment holes 

except O (no fertiliser). In plots v1 and v2 a pre-cut soil core 

of appropriate length was placed above the fertiliser, followed by 

a seed in each hole. All the plot holes were then filled with loose 

soil extracted from a spare pot reserved for this purpose. No post-

drilling soil pressure was applied. After the 11 drilling 11 and covering 
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of the seeds, the pots were placed in a glasshouse at 20°c. 

3.2.6 Counts of seedling emergence, irrigation and ha rvest 

Daily counts of seedling emergence were recorded for one month 

after "drilling". Negligible additional emergence occurred after 

3 weeks, so the pots were then irrigated to field capacity. A 

final count of plants established was made on day 37 after drilling, 

and the crop was harvested the same day. The plants were cut 

individually at the soil surface with a pair of scissors. The 

numbers of leaves and height of each plant harvested were measured. 

All the plants from each plot were weighed together for fresh yield, 

dried in an oven at ao0c and were again weighed for drymatter yield. 



Fig. 4 The filling of "pre-drilled" holes and earthworm 

activity. Some holes have completely disappeared. 

Fig. 5 "Pre-drilling" and clearing of the holes. 



29 

3.3 B. Field Experiment 

3.3.1 Experimental design and layout 

The trials \vere conducted in a Tokomaru silt loam soil from 

which a barley crop had been recently harvested. The field , had 

been in green feed oats and barley in the preceding years . 

A randomised complete block design was used for two drillings 

and seven time-of-sowing treatments with four replicates . The times 

of sowing were sequential at about one week's interval beginning on 

14th March 1980. The drilling treatments were as follows : 

1. Seed and fertil i ser horizon tally separated by 20mm, 

drilled with the improved chisel cou l ter in t o cultivated 

(rotary hoed) soil. 

2. Seed and fertiliser horizontally separated by 20mm, 

direct drilled with the improved chisel coulte r into 

uncultivated soil. 

Each plot was 0.75 meters wide and 15m long. 

is shown in Fi g. 6. 

The layout of plots 

3.3.2 He rbicide spray and cultivation treabnent 

A blanket spray of paraquat and dicamba (2% solution) was applied 

one week prior to the first drilling on the whole experimental area. 

The cultivation treatment plots were rotary hoed one week before 

the respective drilling. A strip of soil 350mm wide and 15m long was 

twice rota ry hoed with a self-propelled machine to a depth of 80mm in 

the centre of the plot. 



Fig. 6 Plot layout of field experi ment 

0.75 m 

Treatment Plot No. 
' 
i 40 L ______ _ 1 Block No . -
I 
I 3C 
' 

I 
2 ---

~_60_ 3 

~ ___ s_-c_ 
1D 

4 ---

5 - -- --

6 I 

' 
' 7 I I 
I --- ----- ' 

4C 

5D 

2C 

--

---- ---------

8 

9 

10 

11 

12 -----------------+------

7D 13 -----·------ -
7C 14 - -------- - ---- --- -----
2( 1 

---------- ----------+----------

2 
. --- -- ---- -- -- -----------

3 I ~·-~-:~l =---- -
re 

- J ___ ---- --- 4 

6( 5 

! 
1 
I 
I 

I 

' 

l--·· !~----------~-----I_I __ _ 
50 8 -----------

10 9 ---
30 10 ---------------~-----
70 11 

lC 12 

JC 13 ---------------r--------
4( 14 --T--1 -----'---

f.------- ------- 15 m 

(Continued) 



31 

Treatment Pl ot No . 
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3.3.3 Drill coulter and fertiliser placemen t 

An improved chisel coulter, developed at Massey University, 

w~s used for direct drilli ng , and drilling in cultivated plots . 

Th e coulter cons i sted of a rolling scalloped 460mm diameter dis c 

(4mm t hi ck) in the cen t re. Two detachable winged blades, hinged 

from the frame, were posit i oned on either side of the disc (F ig 7) . 

The blades created a subsurface groove abou t 30mm wide as sh own in 

Fig. 8 . A pair of press wheels joined together by an ax le were 

at t ached to the coulter assemb ly frame (Fig 9) . The press wh ee l s 

served to cl ose the groove to retain mo i s ture vapour, and to 

establi sh a positive seed soil contact . The press wheels also 

control led the depth of drilling . 

The coulter assembly was bolted to a testing rig , especia l ly 

designed to test the coulters (Fig 10 ). Adjustabl e external forced 

feed mechani sms were provided for sepa rate seed and fertiliser 

meter ing . The mete, ing units were driven by a ground-drive spoked 

wheel. Th. test rig was fully mounted on a tractor with a convent ­

ional category one three point linkage (Fig 10). 

The coulter assembly drilled seed on one side and placed fert­

iliser on the other side of the sca lloped disc (separated by 20mm) 

as shown in Fig. 11 . The position of seed and fer t iliser in the 

exper imental field after drilling was similar to as shown in Fig . 12. 

3.3 .4 Seed and fertiliser rates 
. -1 Rape seed (Brassjca napus) was drilled at a rate of 7 kg ha 

at 2511111 depth . Ammonium sulphate (21-0-0), at the rate of 360 kg 



Fig. 7 Improved chisel coulter (side view). 

Fig. 8 Cross section of a groove formed with the improved 

chisel coulter showing seed (right) and fertiliser 

(left) placement. 



Fig. 9 Rear view of the press wheels and test rig, 

drilling in a rotary hoed plot. 

Fig. 10 Test rig and tractor, direct drilling. 



Fig. 11 Chisel coulter and cross section of the groove 

showing the separate seed and fer til iser distr i bu t ion . 

Fig. 12 Seed and fertiliser placement after direct drilling. 

The position of the small rape seed is shown with a 

straw beside the fertiliser, above tape. 
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- 1 1 
ha (75 kg N ha- ) ;as placed at 20mm to the si de of seed at the 

same depth. Before each drilling, fertiliser was dr ied for one 

hour in an over at 7o0c to standardize its flow characteristics. 

The drill was calibrated for seed and fertiliser separately before 

commencement of the experiment. 

3.3.5 Measurement of soil moistu re 

After each drilling, soil samples of approximately 200 g were 

extracted with a core samp ler to a depth of 30rmn. Mo i sture content 

1vas measured by oven drying through gravimetric methods. 

3.3 .6 Plant counts and harves ting 

Dai ly counts of olants were taken up to three weeks afte r each 

dril.ling. After this period changes i n daily counts were negligible. 

Yield harvests were taken at the flowering stage from the plots 

sown at the first and second drillings. The last five dr illings grew 

very slowly due to the onset of lmver winter temperatures . They were 

therefore not considered for ha vesting. 

Ten meter lengths from each plot v,ere harvested at random 1,,,1ith an 

"Allen" gasoline-powered walking-type mechanica l harvester. The 

harvested crop was collected manually and weighed on a spr ing balance 

i n the f i el d . 

A subsample of approximately 600 g weight was taken at r and om 

from the harvested crop of each plo t, and was separated into leaf 

and stern, Leaf and stem fract i ons were weighed f resh and dri ed i n 

an oven at 80°c for 24 hours. The dried l eaf and s tem were wei ghed 
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separately for each pl ot to detenn ine the dry matter yield. 

3. 3.7 Chemical analysis of leaf and stem for ma jor elements 

The dr i ed sub- samp l es of fractio ns of leaf and stem from each 

plot we re despatched to Ruakura Agricultura l Research Station fo r 

analysis . The ana lysis report listed the proportions of the macro 

and micro nutrients: N, P, K, Ca, Mg , Na, and S. 
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3.4 C. Large Bin Experiment 

3.4.1 Experimental desig n and layout 

A laboratory tillage bin technique developed especially for 

direct drilling research (Baker 1969, 1972, 1976} was µtilised. 

Large undisturbed soil blocks (measuring 1.8 m long, 660 mm 

wide and 200mm deep) were extracted from the field. These \vere 

subj~cted to drying conditions, and were drilled on a special 

support bed straddled by a tool test ing apparatus. The use of 

such tillage bin technique allowed an effective cont rol of soil 

moisture, timely seed and fertiliser drilling with reasonably 

accurate djustments of rate of the seed and fertiliser. It also 

pe mitted the use of several prototype coulter arrangemen ts to be 

compared with constant rates of fertiliser and seed. It al lowed 

for more acrurate control of depth and speed of drilling than 

possible on the field rig. 

The extracted turf blocks were randomly divided into two 

main plots for dry (20 " d.b.) and wet (3Q ;i; d.b.) mois ture treatments. 

Each main plot was given three placement treatments (sub-plot), and 

each of the placements had two rates of two fertilisers and zero 

fertiliser (sub-sub plot). Thus a split- split plot design was used. 

The experiment was replicated 3 times in blocks at one month intervals. 

The experimental layout is shown in F'g 13 and the Treatments (denoted 

by le tters in parenthesis) were as follows: 

1. Main plot; soil moisture content; two treatments, dry (D) 

and wet (~J) . 

2. Sub-plot; 

ated (H), 

three fertiliser placements; ho rizontally separ­

vertically separa ted (V) and mixed (M) i n relation 
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The experimenta l desig n and layout of the large bin experiment . 

Fig . 13 (Sp lit-Spl it Plot Design) 
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to seed. 

3. Sub-sub plot; two fer ti lisers; ammonium sulphate and 

ammonium pho sphate with two rates of each and zero t reat­

ment as control (Fn, FN, Fp, Fp and Fo). 

Fn - low rate ammonium sulphate. 

FN - high rate a~nonium sulphate. 

Fp - low rile mo no- ammon ium phosphate. 

FP - hiyh rate mono-ammonium phosphate. 

Fo - seed sown without fertil iser (control). 

3.4 . 2 Se lection of site 

Turf bl ocks were co ll ected from a gently sloping f i el d of 

Tokomaru concretionary silt l oam soi l, situa t ed near the main south 

highv1ay at Massey University . The field was covered w·th a dense 

pasture of rye grass (Lolium pen-::nne ) and white clover ( 7'ri.folium 

repens), and had not been tilled during the previous two years . 

Th e field was grazed by sheep one week before bins were ex tracted. 

3.4 .3 Collection of turf blocks 

Undistur ed so il blocks we re extracted f rom the field using 

a spec i al tracto1 drawn cut t er according to the procedure described 

by Baker ( 1976 a, b). The sites fo r bins were randomly selected . 

uneven soil surface and tractor wheel marks were avoided. 

15, 16 and 17 illustrate the bin collection techn i que. 

3.4.4 Preparation of turf blocks 

Fig 14, 

The turf blocks we re transported to and housed beh i nd a l ar ge 

glass wall in a boiler house for the first an d second replicates. 

Because of the unavailability of this faci l ity for the third replicate 

a glasshouse was used for air drying instead (Fig 18) . Th e us e of 



Fig. 14 Bin collection technique; 

Bin is connected to turf cutter. 

Fig. 15 Bin collection technique; 

Initial penetration of bin into soil. 



Fig. 16 Bin collection technique; 

tillage bin at full depth. 

Fig. 17 Bin collection technique; 

tillage bin removed with a front end loader. 
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t he boi l er house an d g·l asshouse was to dry the tu r f bl ocks t o a 

required moisture content . Both places had simi la r ae rati on and 

temperature reg imes and access t o sun l igh t . It was , therefore 

considered that the change in dry i ng place, parti cul ar ly insofar 

as it was used prior to treatments being imposed, was unlikely t o 

have effected the subsequent treatments . A special ly cons truc ted 

lowbed tro l ley was used to move the turf bl ocks i n and out of t h 

gl asshouse (Fig 19). 

The exposed ends of the turf bl ocks were coated with parafi n 

wax (Fig 20) to prevent moisture loss from these areas . Thu s , t o 

all intents and purposes, the soi l in t he extruded bins was 

encouraged to behave as if it was in a fie l d situat i on. 

Wet and dry bin5 were removed f rom the drying areas at 32% and 

21 ~ moisture conte0t resoectively. Afte1~ dryi ng, the bins v1ere 

transported to tne tillage bin facil i ty for f i na l prepa rations befo re 

drilling. 

3.4.5 Soil moisture measu reme nt 

Soil samples of 25mm depth we re taken r and omi y at ·nterv al s 

vary i ng f rom three t o fi e days before and after dril l i ng . The 

samp li ng uti lised a 15mm l ong , 6 .25mm diameter core sampler, described 

by Choudha ry (1979). Ca re was taken whil e sampl ing that the soi l was 

not removed from the expect ed rows , whic h in turn mi ght have affected 

t he drill i ng trea tments. Soil mo i s ture was determined by gravimatric 

methods wi th oven drying at 105°c for 14 hou rs. 



Fig. 18 Turf block samples in the glasshouse during drying. 

Fig. 19 A specially constructed lowbed wheeled trolley 

straddling a turf block. 



Fig. 20 Open end of a turf block, after coating with 

paraffin wax. 

Fig. 21 Seed metering unit of the vacuum operated seeder 

(upper centre) on tillage bin. 
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3. 4.6 Herbicide and pesticide applica ti on 

Herbicides, paraquat and dicamba, in equal vo lumes were applied 

with a knapsack sprayer at a combined rate of 6 litres/300 litres of 

-1 vJater ha . The herbicides were sprayed 3-4 days before drilling. 

The r:iolluscic ide Mesurol in the fo rm of s lug-snail pellets, at 
- 1 . 

the rate of 10 kg ha were hand placed in the rows after drilling 

to control slugs . 

3.4.7 Seed and fertiliser meter ing 

' Rape seed was dril led at a rate of 10 kg ha- 1 through a vacuum-

operated seeder prev ious ly described by Baker (1976 a) and shown in 

Fig. 21. 

Ammonium su lp hate (21-0- 0) was me te red at the rates of 150 kg 

ha-l (31. 5 kg - N) and 300 kg ha-l (63 kg - N), and mono-ammonium 

( ) - 1 ( phosphate 16-9-0 at the ra tes of 200 kg ha 33 kg - N & 18 kg -

and 400 kg ha-l (64 kg - N & 36 kg - P). Both fe rtilise rs were 

p) ' 

pla ced either with the seed, or hor i zon tall y or vert ically separa t ed 

from the seed. 

An external forced feed fe r tiliser metering unit (Fig 22) was 

attached to the gantry of the tool testing ap pa ratu s. The fertil is er 

metering unit was movable in the horizontal plane with i n the width of 

each turf block and wa s operated by a V-belt drive . The V-belt \•/aS 

rotated by a rectangular shaft, which also operated the seed metering 

unit. It was i t se lf dri ven by a rubber-tyred adjustable grou nd wheel, 

running on the s teel track of the t il lage bin support bed. 

• 



Fig. 22 An external forced feed fertiliser metering unit 

attached above t he seed meter i ng unit on t il lage bi n. 

Fig. 23 Direct drilling in progress on the tillage bin, 

showing gantry and tool testing apparatus. 



48 

Seed and fertiliser metering units were calibrated separately 

before the commencement of the experiment . 

3.4 .8 Direct drilling of turf blocks 

The turf blocks were pl aced end to end with polystyrene packing 

in be tween to level the surfaces on the support beds and were drilled 

using a gantry and tool tes ting apparatus (Baker , 1976 a, b) which 

travell ed at controlled speeds al ong the suppor t bed (F ig 23) . Dry 

and wet bins were direct drill ed sepa~ately in sets of two and three 

to avoid ha ving to alter penetration forces for the coulter repeatedly. 

The turf blocks resting on the support beds are shown in Fig. 24 along 

wi th the grant1y and tool testing apparatus, immedia t ely afte r direct 

drilling three bins. 

Two smaller length turf bl ocks were also extracted with each 

repl icate and were placed on either end of t he treatment blocks at 

the time of drilling. The depths of seed and fertil iser placement 

were adjusted in the smaller bi n attached in the fro nt . The smaller 

bin on the back was used to avoid any damage to the last block and 

for subsequent support of the gantry at the far end . Changes in 

fer ti liser application positi on and ra t e we re made with the coulter 

stationary at the junction between ad jacent turf blocks . 

Two related designs of an improved chise l coulter were used. 

These are described insection 3 . 4.8.1 t o 3.4 .8 .3 be l ow. One was 

for horizontal and mi xed placement of fert ili se r and seed, and t he 

other was for vertical pl ctcemen t of fert iliser and seed. After 

direct drilling the soil flaps above the groove were gently pressed 



Fig. 24 The turf blocks resting on the support beds after 

direct drilling (with the gantry at the far end of 

its travel). 

Fig. 25 A top view of the groove formed by the improved chisel 

coulter, seed and fertiliser are arrowed. (Note: -

covering flaps of groove have not yet been pressed into 

place) 



down by hand to encourage retenti on of moisture vapour i n the 

grooves (Choudhary & Baker 1981 a, b). 

3.4.8.1 Hor iz ontal placement of fertiliser 
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For horizontal placement of fertiliser, the coulter assembly 

used was identical to that which was used i n t he field experiment 

(Fig 7). Fertili ser was horizon tally separa ted from t he seed i n 

the soil by 20mm. A top vi ew of an open groove is shown in Fi g 25. 

Seed and fertiliser can be seen to be separated. The conf i gura t ion 

of groove, disc cut and rape plants are shown in Fig 26 . In t his 

figure the overlying flaps of soil have been removed for clarity . 

3.4.8.2 Seed and fertiliser, mixed placement 

In the mixed placement of seed and fertiliser, one winged 

blade of the coulter assembly was removed and seed and fertiliser 

were allowed t o discharge from one si de of the disc only . Thus 

seed and fertiliser were placed together at the same depth with a 

s ingle winged blade. The groove fon-ned by this arrangement of the 

coulter assembly is shown in Fig 27. The soil flap has been lifted 

on the right hand side and plants are shown deflected to the left. 

3.4 .8.3 Vertical placement of fertiliser 

For the vertical placement of fertiliser, the coul t er was 

modified. Both the blades were located on t he same side of t he dis c 

(Fig 28). The front blade was winged whi l e the rea r bl ade was longe r 

and wi th no horizontal wing. It was adjustabl e for depth. A depth 

control whee l was attached on the opposite side of the blades (Fi g 29) . 



Fig. 26 The groove configuration of horizontal placement. 

Soil flaps have been lifted off either side, exposing 

the disc cut and horizontal slice regions created by 

the wings on either side. 

Fig. 27 (Left, Centre). The groove shape after mixed place­

ment of seed and fertiliser. The soil flap has been 

lifted on the right and plants are shown deflected 

(arrow) towards the opposite side. 



Fig. 28 A side view of the improved chisel coulter, 

modified for vertical fertiliser placement. 

Note: Seed coulter (front on right) and 

fertiliser coulter (rear on left). 

Fig. 29 The depth control wheel attached on the modified 

improved chisel coulter. 
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Seed was placed on a small horizontal ledge by the front blade. 

The rear blade which followed, pressed the seed aside slightly and 

then dropped the fertiliser beneath as shown in Fig 30 . The fert-

ilise r position was 20mm below the seed. A s ide view of the modified 

improved chise l coulter, illustrating its action in the soil is shown 

in Fig 31. The appearance of the groove after plant establishment is 

shm-Jn in Fig 32. 

3 . 4.9 Seedling emergence counts and germination 

After direct drilling, turf blocks were placed i n a glasshouse 

at 20°c and whole plot daily counts of seedling emergence were record-

ed for 3 v1eek s . 

ible. 

After three weeks, increases i n counts were neglig-

On days 11-13 and 18-21 horizontal soil samples were randomly 

collected from the grooves with a 300mm long semi-cy lindrica l stain l ess 

steel scoop. These samples were opened by hand and exami ned i ndivid-

ually for germinated and ungerminated seeds. The ungerm i na t ed seeds 

were tested for viability in a seed testing laboratory. Af ter th i s 

gem1inat i on test, the seeds were classified as viable or dead ( i nclud-

ing dormant, dead and injured by fertiliser). This sampli ng proc-

edure was fir s t described by Baker (1976 a). Fig 33 shows success iv e 

scoop divots left after the sampling. 



Fig. 30 A cross sectional rear view of modified chisel coulter 

for vertical placement: Wheat seed (at 60mm level on 

scale) and fertiliser at 40mm level. 

Fig. 31 A side view of vertical placement coulter assembly in 

the soil after removal of soil to expose wheat seed and 

fertiliser. 



Fig. 32 The groove appearance and plant establishment after 

the vertical placement of fertiliser. 

Fig. 33 (Foreground) The divots formed by the scoop sampler 

in the turf blocks. 
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3.5 Statistical Analyses of Results 

The number of emerged seedlings were recorded da ily over a 

considerable period of time. Statistical analyses were confined 

to weekl y or other specified time intervals. 

included in appendices. 

All data is however 

Statistical analys es were processed by a B6700 computer using 

"CANOE" through a standard "Teddybear" programme by J.B. Wilson 

(version 80 Oct 6, Manual 2.5) . 

3 .6 Defi ni ti ons 

The following definitions are applied to the results in this 

text: 

GERMINATION: This refers to the first sign of sprouting of seed. 

SEEDLI 'G EMERGENCE : This refers to emergence of any pa rt of a 

grow in g plant above the soil surface, observable with the naked eye. 

Daily counts of seedling emergence recorded only the cumulative figure. 

The criter i on of seedling emergence was used in the small pot and bin 

experiments. 

PLANT COUNTS: In the field experiment a number of seedl ings were 

apparently destroyed by unk nown pests (as some eme rged plant counts 

actually decreased with time). It was not a lways possible to identify 

the destroyed seedlings (which vanished without trace) . Thus there 

was no positive record of plants which had disappeared. For this 

reason data in the field experiment are referred to as plant cou nts 

rather than seedling emergence or seedling establishment. 

INITIATION OF SEEDLING EMERGENCE: This refers to the first 

appearance of seedlings above the surface in a plot, and is counted 



in days from sovJi ng. 

DELAY IN MAXIMUM SEEDLING EMERGENCE OR PLANT COUNTS : This 

refers to the time i n days from sowing taken by the plants of a 

treatment to attain the ir maximum number. 
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4 RESULTS AND DISCUSS IONS 

Th e results of each of the three experiments are discussed 

separately in the fo l lowing sec t ions : 

4.1 A - Sma ll Pot Experi men t 

4.1. 1 Seed l ing Emergence 

Res ults 
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Fig . 34 and Table i summari ses t he seed ling emergence data for 

37 days af te r dr ill i ng , as effe cted by the fertiliser placement . 

TAB LE i Effec t of fer tilis er placement on rape seedling 

emergence 

Trea tment 

Seed sown wi thout 
ferti li ser 

~ 
(l) 
(/) 

Mixed 

Horizontally 
sepa rated by 

10mm 

:= Horizontally 
;::; s epa rated by 
~ 20mm 

4--

-g Verticall y 
re separated by 
~ 10mm 
(l) 
l/) 

Verti cally 
separat ed by 

20mm 

Percen t seedlin ;i emergence day from 
sowing 

7 14 21 31 37 

75 A a 88 .3 A a 88.3 A a 88 .3 A a 88.3 A a 

0 8 d 31.7 B b 31. 7 B b 46. 7 B c 40 8 c 

15 B cd 68 . 3 AB ab 68 .3 AB ab73.3 AB ab 73. 3 AB a 

51.7 Ab 66 .7 AB ab 66 .7 AB ab68.3 AB abc68 .3 AB ab 

0 B d 40 AB b 41.7 AB b 53.3 B be 48 .3 B be 

21.7 B c 65 AB ab 66.7 AB ab66.7 AB abc66.7 AB ab 

Unlike letters in a column indi cate s igni ficant differences 
(Capitals P< 0.01; lower case P< 0.05) 

Rape seed sown without fertiliser produced sign ificantly more seedling 

emergence on day 7 t han any of the p 1 acement treatments. However at a 11 

subsequent readings t he onl y treatment wh ich suffered significantly in 

comparison wi th the no f er t il ise r treatment was where the ferti liser was 

either mixed with, or verti ca lly separated from the seed by 10mm. 



90 

" 
80 

" V 

lJ.I 70 u 
z 
lJ.I 
C) 60 
a= 
lJ.I ,,. 
~ 

50 
, 

lJ.I I 
I 
I C) 
I I z 40 I I H I I ...J I I 

I I • I I lJ.I 30! I I lJ.I I I 
I I U) 
I I 

20 I I 
I I 

I I 
I I 
I I 

10 JJ ' I 
I I 

I I 
,I ,,. ,,. 
6 

FIG 34 

I 
I 

I 

I 
I 

I 
I 

I 
I 

------------------~~~~~~:a••----••c====~-------------------------------------__ ... 

~-- ----- -
am> WITHOUT FEftTILIZ&:ft 

alED NG FIElffILIZlllt MUCE) 

aaD NG PlllfflLIZIIR HDIUZCNTALLY ~TIID S'f l • * 
aaD NG ll'DT'ILIZlllt HmUZllfffALLY ~Tm ,rf aa.. CDA8HmJ> 

9EED NE FERTILIZER VERTICALLY SEPARATED BY UI * 
9EED NE FERTILIZER VERTICAL.LY SEPARATED BY 2aOI <DAa£D> 

9 12 15 18 21 24 27 30 33 36 

DAYS FROM SOWING 

THE EFFECTS OF FERTILIZER PLACEMENT ON SEEDLING EMERGENCE OF RAPE 



60 

Th ere was no seedl ing emergence on day 7 where the fertiliser was 

mixed with the seed and when the fertiliser was vertically separated 

by 10mm (Fig 34). At subsequent counts , while some seedling 

emer gence occured 1.-J i th these treatments their maxima rose to only 

46.7 o/ and 53.3% res pectively which were signif i cant ly less than a l l 

other treatment maximas (mean 74 . 1%). 

From Fig 34 it is appare nt that seedl ing emergence from day 14 

to 21 r emained almost unchanged except possibly for ve ry mino r i ncrease s 

in both of the vertical placements . 

On day 21 al l plots were irrigated. On tha t day the pre- irrigat-

ion seedl ing emergence coun ts showed a 57% difference between the no 

fertiliser treatment and the mixed treatment, and a 47% difference 

from vertical 10mm treatment. Follo\oling irr i gati on, these diffe r -

ences (relative to the no fertil i ser treatment ) we re reduced to 42% 

and 35% respectively but as noted previously, t hey remained statis t­

ically s ignificant (P< 0.01). Simila rly most of the other fertil iser 

treatments were a l so increased in seedli ng emergence counts slightly 

by irrigation but they all remained not significantly different from 

each other and the control wh i ch involved no fertilise r. 

Discussion 

The seedling emergence da ta sugges ts that the effects of 

fertiliser placement were more pronounced du r i ng the earl i er pe ri od of 

devel opment, and a lso poss ibl y , the later period, compared to t he 

intermedi ate (days 13-21) period. Fig 35 and 36 i l lus t ra t e t he 

differences between treatments during the ear ly (day 7) and i nte rmediate 



Fig. 35 Typical seedling emergence patterns on day 7. 

Note: Greater number of emerged seedlings in 

the centre front pot (no fertiliser). 
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Fig. 36 Typical seedling emergence on day 13. 

Mean percentages are shown. 
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(day 13) period. In Fig 35 it can be seen that there was no notice-

able seedling emergence in any of the treatments except in the central 

front pot (no fertiliser). In Fig 36 relatively more plants are seen 

to have emerged in all the treatments as compared to Fi g 35 . 

Fertiliser ei ther mixed or placed with seed but vertically 

separa t ed by 10mm appeared to have reduced seedling emergence because 

of its toxicity. Such an effect is similar to those repo rted by 

Olson and Dreier (1956), Cooke (1960) and Carter (1967) fo r convent­

ionally cultivated soils. 

The effect of placing fert iliser 10mm vertically beneath the seed 

was similar to that of the mixed treatment . Surpris ingly, however, 

it was different from horizontal placement at the same distance from 

the seed. The specific cause of th is diffe rence in effect was not 

identified. It is possib le that it may have been the result of 

ammonia vapour rising from the ammonium sulphate . It is also possible 

that during placement of seed and fertiliser a small space may have 

been left at the base of the hole while filling with a smaller diameter 

soil core or loose soil. This would have facilitated the movemen t of 

ammonia vapour to the seed, compared to the horizontal pl acemen t where 

the soil in between fertiliser and seed \vas undisturbed. On the other 

hand, a similar effect mus t have also existed with the 20mm vertical 

placement. Perhaps the greater distance compensated for any l oose 

fitting of the core. 

The mean effect of all fert i liser placement treabne nts on seed l ing 

emergence of rape, compared with the no fertil iser placement is shown 

in Fig 37 and Table 2. 
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Fig 37 The effec of no f er ti liser and fertiliser pl acement 

on seedling emergence of rape. 

TAGLE 2 The eff,rt nf fert·ii1ser placement a t drilling 

on rape seedl mg emergence 

FertilisE:r Trea tr1ent day 7 11: ')' ~l 31 

Seed smm v.'i thou t fen. 75 ** 88.3 ** 88 .3 ... * 88.3 ·k* 

Fert . p ·1 acements (mean) 17. 7 54.3 55 61. 7 

** Significan t diffe rences at p ).01 

37 

88.3 ** 

59.3 

It is apparent from Fi g 37 and Table 2 that the overall effec t of 

pl acing fertiliser with the seed was to lower seedling emergence counts. 

These differences were highly sign ifi cant (P <0 .01) throughout the 

whole sampling period. 
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4.1.2 Initiation of seedling emergence and maximum seedl i ng 

emergence del ay 

Re su 1 ts 

Table 3 lists the data of initiation of seed l ing emergen ce and 

maximum seedl ing emergence delay as effected by the fertiliser 

t reatment. 

TABLE 3 Effect of fe rtili ser pla ceme nt on initiation an d delay 

to reach maximum seedling emergence of rape . 

Treatment 

Seed sown without 
fertili ser 

Mixed 

Horizontally 
separated by 

10mm 

Horizontall y 
separated by 

20mm 

Vertically 
s epa rated by 

10mm 

Vertically 
separa t ed by 

20mm 

Time in days 

To initiate seedling 

emergence (Control = 1) 

1 A a 

3 C be 

2.3 BC b 

1 A a 

3.3 C C 

1. 3 AB a 

Maximum seedl i ng emergence 

de l ay (prior to irrigat i on) 

8 . 7 

12 

11. 7 

9 

13 

11. 7 

A 

AB 

AB 

AB 

B 

AB 

a 

C 

be 

ab 

C 

be 

Unlike letters in a column indi cate significant differences 

(Capitals P< 0.01 ; l owe r case P< 0.05). 

I t is apparent from Table 3 that t he no- fert i lise r treatment and 

both of the fertiliser placements at 20mm from seed had s imi la r effect s 

on the initiation of seedling emergence. They wer e, however, 

s i gn i fica ntly (P < 0 .05) more rap i d tha n all of the other pl acement 

treatments. 



65 

The horizontal placement of fertiliser at 10mm from the seed 

was aga i n si gn ificantly (P< 0 .05) better t han the ver tica l place­

ment at the same di stance, if rap i d i ni tiation of emergence i s 

considered to be desirable. The mixed trea t men t and ve r tical 

separation by 10mm w re the worst treatments i n t his respe ct. 

The time delays for maximum seedling eme rgence of ra pe under 

a dry regime shm-,ed some significant di fferences amongst treatments. 

Table 3 indicates that the no-fertiliser and hor ·izontal 20mm 

placements were not significantly di fferent in t he de l ay unt i l 

reaching maximum eedling emergence. The no - fertil i ser treat -

ment achie ved its maximum seedling emergence 4.3 days ea rli er 

than the slowest of the other trea t11ents ( vertical 10mm) . Fig 38 

fu,·ther illu strates tne differences in initiation and maximum 

seedling emergence delay between horizontal and vertica l placements 

of fertiliser as compared to no fertiliser placement . 

Discussion 

From Table 3 and Fig 38 it appears that the fert il i ser pl ace ­

ments at 20mm from the seed were more rap i d i n initia ti ng seed l ing 

emergence than any of the other treatments invol ving f ert i l i ser 

placement . The delay in initi at ion of seed li ng emergence ge nera ll y 

appeared to have increased as the distance betwee n fer t i l i ser and 

seed decreased , from 20mm to zero (mixed) . The overall mea n 

delay for horizontal pl acement (2 . 11 days ) may ha ve differe d s l i ghtly 

from tha t for vertical placements (2 . 44 days) , but th i s diff erence 

was significant only at the lower order of probabi l i ty, P< 0. 08. 
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The time delays until maximum seed l ing emergence appeared to 

have been affe cted by the ferti .li ser treatments in a similar manner 

to the de l ay of initiation of seed l ing eme rgence . 

Althoug h the actu al counts of seed ling emergence have not been 

taken into account in the data of in it iation and max imum seedling 

emergence delays, it is interesting to note that both of these 

latter parameters did respond to the eff ects of ferti liser 

placements in a simil ar manner to the respective counts of 

seedling emergence (Se c 4.1.1) . 



4.1.3 Yi eld 

Results 
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Table 4 and Fig 39 show the effects of fertiliser placements 

on rape yield at 5 \--Jeeks from sowing. 

TABLE 4 Th e effects of fertiliser placement on yield of rape, 

5 weeks after sowing 

Per plan t Total yield 

Treatment No. of Height Fresh Dry Fresh Ory 
weight weight weight weight 

leav Es (mm) (gm) (gm) (gm) (gm ) 

Seed sown without 4.06 ab 63 ab 0. 43 ab 0.046 ab 8.2 ab 0.812 
fertiliser 

ab 

Mixed 3.26 a 36 a 0.23 a 0 .022 a 2.0 a 0.2()5 a 

l~or i zonta ·1 ly 
separated by 3.31 ab 34 a 0 .16 a 0.019 a 2.6 a 0.286 a 

s.... lOm:n 
GJ 

-~ Horizontally 
:-;::: separated by 4.31 b 71 b 0 .83 b 0. 080 b 11. 4 b 1.065 b 
.µ 20mm s... 
GJ 

4- 1/erti cal ly 
~ separated by 3. 27 a 38 a 0 .16 a 0 .025 a 2. 2 a 0.264 a 
(0 10mm 
-a 
~ 1/ er t-i cal ly 

V1 separated by 4.21 ab 60 ab 0.50 ab 0.054 ab 7.4 ab 0.760 ab 
20mm 

Unlike letters in a co l umn i nd i ca t e sign ificant differences 
P < 0.05. 

From 'the Table 4' it is apparent that hori zonta l placement of 

fertiliser at 20mm f rom the seed produced significantly (P< 0.05) more 

height, weight and total yield than the mi xed and 10mm hor i zontal or 

vertical placements. The dry matter yield per plant from the horizontally 

placed fer til iser at 20mm was 3 times greater than that of ei ther of the 

horizontal or vertical placements at 10mm or the mixed seed and fertilis er. 



0 . 09 

r. 0 . 08 
E 
m 

v 0 . 07 

1-
z 
< 0 - 06 
..J 
0.. 
o:: 0 . 05 
w 
0.. 
• 0 - 04 
..J 
w 
H 0 . 03 
r 

~ 

ffi 0 . 02 t-===================== 
NO FERTILIZER 

HDftIZ0NTAL PLACEMEHT 

VERTICAL PLACEMENT I-
I-
~ 0 - 01 
r 
0:: 
• 

5 10 15 20 

DISTANCE OF FERTILIZER FROM SEED <MM) 

FIG 39 THE EFFECTS OF FERTILIZER PLACEMENT ON DRYMATTER YIELD OF RAPE 

5 WEEKS AFTER SOWING 



70 

Discussion 

The results in Table 4 and Fig 39 show that fe r t ili ser pl ace­

ment at 20mm from the seed produced significant gains in yie ld 

parameters of rape compared to the mixed seed and fertiliser and 

in most respects to the 10mm fertiliser placements. 

Ear ly initiat i on of emergence and a shorter delay unti l maximum 

seedling emergence of the rape plants was reached in 20mm horizonta l 

placement of ferti l iser, which may have contributed to the superior 

yield. This may have provided a longe r growing period t han the 

mixed and 10mm fertiliser placements, which could have compensated 

for any detriment arising from the fact that the roots and/or 

fertiliser had further to travel to intersect each other ; and 

from intra-specific competition amongst the larger number of seedl ings 

present . The 20mm horizontal placement was not s i gn i fi cantly differ­

ent in growth vigour from the no-fertiliser and 20mm vert i ca l place­

ment of fertiliser (Fig 40) treatments , wh i ch had simi l ar initiation 

and maximum seed ling emergence delays. The latter however di d not 

differ significantly in growth vigour from both of the 10mm placements 

and mixed placement. It is probable that in the case of the no-

fertili ser treatment, a simple nutrient deficit is ref lect ed but is 

difficult to expla in the situati on with the 20mm vertical pl acement . 

Moreover it was beyond the scope of this study to fully explain the 

mecha ni sms by which fertiliser affected growth parameters. 

It is conceivable that the fertiliser effects could hav e been 

different in each case . This is not considered to be a short com ing 

of the study however as the prime objective was to estab li sh des ign 
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criteria for machines rather than explain the manner in which 

fertiliser affects germination , genninated seeds or seedlings. 

4.1.4 Summary 

Rape seed sown without fertiliser produced signif icantly 

(P <- 0.05) more seedling emergence on day 7 (from sowing) than 

all other treaunents. At all subsequent measurements (days 14, 

21, 31 and 37) the fertiliser mixed with the seed or vertically 

separated by 10mm suffered significantly (P < 0.01) in comparison 

with no fertiliser treatment. 
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Seed sown without fertiliser or separated either horizontally 

or vertically by 20111111, v-,ere similar in initiation of seedling 

emergence, but significantly (P< 0.05) more rapid in initiation. 

Mixed seed and fertiliser; horizontal or vertical separation by 

10mm; or vertical separation by 20mm, significantly (P<0.05) 

delayed the maximum seedling emergence as compared to no fertiliser 

treatment. 

Horizontal separation of fertiliser by 20mm from seed produced 

significantly (P <0 .05) more height, weight and total yield than 

the mixed or horizontal or vertical placements at 10mm from the seed, 

harvested 5 weeks after sowinn. 



4 .2 B. Field Experiment 

The results of the field experiment are discussed in three 

sections : 

a. Overall trends (across the 7 drillings) . 

b. Mean trends (across the selected drillings ; numbers 1 

and 2). 

c. Individual results of each of the drillings 1 - 7 (this 

includes time-of-drilling effects). 

4.2.1 Overall trends 

4.2.1.1 Plant counts 

Results 

7 s. 

Table 5 and Fig 41 illustrate the effects of cu ltivation 

treatment on the pl ant counts of rape on days 10, 15 and 20 from 

sowing . 

TABLE 5 Effects of cultivation treatment on plant counts 

of rape 

Cultivation 

Treatment 

Cult ivated 

Uncultivated 

10 

19.4 

- 2 Plant counts m 
day from drilling 

15 

41 .6 

25.1 * 50 .7 ** 

* significantly different at P< 0 .05 

** significantly different at P< 0.01 

20 

44.8 

55 .2 ** 
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2d 
Fig 41. The effect of cultivation treatment on plant counts 

of rape , drilled with an improved chisel cou lter. 

Fertiliser was horizontally separated from seed by 20mm at the 

time of drilling in both of the cultivat ion treatments. From the 

table and figure it ca n be seen that the effects of cultivation 

treatments on the plant counts of rape were significant on each 

of the days 10 through 20. In fact the differences between the 

two treatments increased with time. At all samplings the number 

of plants counted was greater in the uncultivated soil (by uo to 

30%). 

Discussion 

The relative superiority of the uncultivated soil (in terms of 

plant counts) suggests, either that the fertiliser was more t oxic 
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to plant emergence in cultivated soil than in uncultivated soil, 

or that other features of the cultivated soil resisted emergence. 

Snyder (1957), Smith and Woodward (1968) found that the toxic 

eff ect of fertiliser on seedling emergence was increased with 

reduced soil moisture. The mean soil moisture content prior to 

each drilling was s ignificantly (P <- 0.01.) lower (25.8% db) in the 

cultivated soil than in the uncultivated soil (27.4%) . This 

redu ction may have been partly responsible for any increased 

fert·iliser toxicity in the cultivated soil, although at no time 

did the soil moisture content fall below wilting point. 

Similar effects on soil moisture content in conventiona lly 

cultivated and uncultivated soils have been observed by a number 

of authors (Black & Siddow~y 1979; Jones e t al 1968, Triplett 

et al 1968, and Soane ct al 1974). 

4.2.1.2 Delay in maximum plant counts 

Results 

Table 6 lists the delays in maximum rape plant cou nts in 

cultivated and uncultivated soil. 



TABLE 6 Effect of cultivat ion treatments on delay in 

maximum plant counts. 

Cultivation treatment 

Cultivated 

Uncultivated 

19.3 

18 .9 

Delay in max. plant counts 

(days) from sowing 

NS 

NS: Not sign ificant ly different (P< 0 .05) . 
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It appears from the table that there was no significant 

difference between the two treatments in tenns of delay in maximum 

plant counts. 

4.2 .2 Mean trends 

4. 2. 2.1 Fresh and dry weight yield 

Results 

Table 7 lists the data (from number 1 and 2 drillings) of fresh 

and dry ma tte r yields of rape plants harvested at the flowering stage, 

from the cu ltivated and uncultivated treatments. 

TA BL E 7 Effect of cultivation treatment on the fres h and dry 

matter yield of rape (Numbers 1 and 2 Drillings). 

Yield m - 2 

Cultivation Fresh Dry 

Treatment (kg) (gm) 

Cultivated 4 .6 583 

Uncu lti va ted 5.5 NS 670 NS 

NS: Not significantly different (P < 0 .05). 
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It appears from the table that there were no differences 1n 

the fresh and dry matter yiel ds of rape attributable to the 

cultivated and uncultivated trea tment s in combination with horizontal 

placement of fertiliser. 

Discussion 

Ammonium sulp hate is a water soluble nitrogenous fertiliser. 

The soil moisture meas urements and rainfa ll data durinq the growth 

period of the ra pe crop indicate that moisture was presen t in ample 

supplies in both of the soil conditions. It is therefore not 

surprising that there were no sign i ficant effects on the yield 

(fresh and dry ) of rape at fl m,,rer inq between the cultivation treat-

ments. Baeumer (1970) also observed a similar response from the 

applied nitrogen un yield of maize and whea t in cultivated and 

uncu lti vated soils . 

4.2.2. 2 Major elements 

Results 

Table 8 lists the data of the majo r elements of lea ves and 

stems of rape, as affected by the cultivation treatments when 

ammonium su lphate was placed 20mm horizontally from the seed during 

drilling (Number 1 and 2 Drillings). 
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TABLE 8 The effects of cultivation treatment on the major 

elements of rape (leaf and stem) at flowering 

stage (Numbers 1 and 2 Drillings) 

Pl ant Cultivation 
Fraction Treatment Major elements % of weight 

N p K Ca Na Mg s 

Cultivated 3. 72 0.46 3.32 1.66 0 .17 0.21 0.80 
Leaf 

Uncultivated 3.58 0.47 3.49 1. 67 0.15 0.21 0.81 
NS NS NS NS NS NS NS 

Cultivated 1. 94 0.40 4.05 0.63 0 .13 0 .15 0.47 
Stem 

Uncultivated 1. 76 0.39 4.21 0.63 0.10 0.15 0.46 
NS NS NS NS NS NS NS 

NS : Not s i gn i ficantly different (P < 0.05) 

It is apparent from the table that neither of the cultivati on 

treatments produced any differences in the percentage weights of 

major el ements in plant fractions of the rape plants . 

Discussion 

It was earlier observed by Riley et al (1975) that uptake of 

calcium, magnesium and microelements by direct drilled and 

con ventionally cultivated crops did not differ great ly . They 

reported that the concentration of phosphorus and potassium in 

shoots of wheat were also little effected by the method of 

cultivation. 

Although little information concerni ng differences due to 

fertiliser placement is available in the li terature , Triplett & 

Van Doren (1969 ) found that phosphorus and potas sium concentration 

at all levels of applied nitrogen were similar i n no-tillage and 



conventional tillage i n the leaves of maize, sampled at tassel-

ing. Similarly Ketches on (1980) observed adequate nitrogen, 

phosphorous and potass ium level s in corn tissue in response to 

nitrogen, phosphorus or potass ium application in conventiona l 

cultivation an d no-tillage . 

4.2.2.3 Dry matter yield and drillings 

Res ul ts 

Table 9 lists the data of dry matter yields from the first 
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and second drillings of the rape crop , harvested at the flower-

ing stage from the cult ivated and uncultivated soi l. 

TABLE 9 Effect of time of drilling and cultivation treatment 

on the dry matter yield of rape at flowering 

Cult i vation Yield gm m - 2 

Trea trnent Drilling 

1 2 

Cultivated 616 551 

Uncultivated 703 NS 637 NS 

Mean 659 NS 594 

NS : Not significantl y different (P <0.05) 

There appeared to be no effect on dry matter yield of rape, 

either from the two cultivat ion treatments or the two drilling 

times . 

Discussion 

It is logical to expect that the time of drilling would not 

effect the yi e ld of rape unless it was associated with environment-



al changes (temperature, moisture etc). Moreover the time 

between the first and second drilling was only one week, which 

did not undergo sufficient environmental change to have had 

measurable effect on the dry matter yield of rape measured at 

the flowering stage. 

4.2.2.4 Major elements and drillings 

Results 

Tab le 10 lists the analyses of major elements in leaves and 

stems of rape, as effected by the two cultivation treatments in 

the two drillings (number 1 and 2). 

80 



81 

TABLE 10 The effect of time of drilling and cultivation 

treatmen t on the major elements of rape (leaf and 

stem) at flmv eri ng stage (Drilling Numbers 1 and 2) 

Element Cultivation Maj or elements % we ight 

Symbol Treatment LEAF STEM 
Ori 11 i ng time Drilling time 

1 2 1 2 

~l C 3.66 NS 3. 77 1. 90 NS 1. 97 

D 3.76 NS 3. 39 1. 71 NS 1. 81 

Mean 3. 71 NS 3 .58 1.81 NS 1. 89 

p C 0.43 NS 0.50 0.37 NS 0.43 

D 0.45 NS 0.48 0.36 NS 0 . 42 

Mean 0.44 * 0.49 0 . 37 * 0.42 

K C 3.30 NS 3.33 3.79 NS 4.31 

D 3.75 NS 3. 24 4.36 NS 4.05 

Mean 3.53 NS 3.29 4 .08 NS 4 .18 

Ca C 1. 69 ~IS 1. 62 0. 61 NS 0.66 

D 1. 75 NS 1.58 0.66 NS 0.60 

Mean 1. 72 NS 1.60 0 .63 NS 0 .63 

Na C 0. 20 NS 0.14 0. 14 NS 0 .12 

D 0 .1 6 NS 0.1 3 0 .1 2 NS 0.09 

Mean 0 .18 NS 0.14 0 . 13 NS 0 .10 

Mg C 0.21 NS 0.21 0. 15 NS 0.16 

D 0.23 NS 0 .20 0 .1 4 NS 0 .15 

Mean 0.22 NS 0.21 0 . 14 NS 0 .15 

s C 0.85 NS 0.76 0.45 NS 0 .49 

D 0.82 NS 0.81 0.45 NS 0.48 

Mean 0.83 NS 0.79 0.45 NS 0 .48 

* Significantly different (P <0.05) 
NS: Not significantly different (P < 0.05) 

C: Cultivated 
D: Uncultivated 
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It is apparent from the table that the cultivation treatments 

did not effect the percentage of major elements i n either leaf or 

stem of rape in any of the drillings. The time of drilling (o ne 

week difference between drilling 1 and 2) had no effect on the 

mjaor elements except phosphorus. The phosphorus percentage in 

both leaf and stem v1as significantly (P< 0.05) lower in the first 

than second drilling. 

Discussion 

The only difference found in the percentage of phosphorus in 

the tv10 drill i ngs may have been caused by the difference in the 

number of plants (counted on day 20 from sowing - Sec 4.2.3 . 2) . 

There was a significantly (P< 0.01) greater number of plants in 

the second drilling than in the fi rst drilling. This greater 

number of plants may have resulted in greater root and shoot 

competition. Leaf to stem ratio of dry weight was found greater 

in second drilling (1 .88) than the first drilling (1 . 06) and this 

difference was highly significant (P< 0.01) . The greater competit-

ion in dri lling 2 may have caused extens ive root growth. As 

phosphorus is a relatively immobile nutrient (Welch et al 1966) , 

extensive root growth may ha ve resulted in an increased uptake by 

these plants. 

4.2.3 Individual results of each of the drillings 1 - 7, 

including time of drilling effects 

4.2.3.1 ~oil moisture 

Results 

Table 11 lists the soil moisture data at the time of the seven 

drillings and the effect of the culti vation treaunents. 



TABLE 11 Effect of time of drill ing on the soil moisture 

conte nt due to cu lti va ti on treatment. 
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Cultiv at i on So il moisture (% db) 

Drilling time Treatment 

4 5 6 

Cultivated 

1 

17.5 

2 

25.5 

3 

38.6 29 .7 21 .9 16.7 

7 

34.5 

Uncu l tivated 20.2 * 26.0 NS 35 . 5 NS 29 .2 NS 24.7 NS 23 .2 ** 34.5 NS 

Mean 18.8 Aa 25.7 Bb 37 .0 Cc 29.4 Dd 23.3 Be 19.9 Aa 34.5 Cf 

* Denotes s i gni fi cant differences between t rea tments for any 

one dr ill-ing at P < 0.05. 

** Denotes signif i ca nt differences at P < 0. 01. 

Un like letters alongs ide means denote s ignifi cant differences 

amo ngst times of drill ing (cap ital s P 0.01 ; lower case let t ers 

P 0 .05) . 

NS : Not sign ifi cant ly different at P < 0 .05. 

It 1s apparent from the table tha t the only s ignif icant difference s 

in so il moisture con t en t due to cultivation treatments were in drilling 

.l and drilling 6. There were highly s i gnif icant (P < 0.01) differe nces 

amongst the mea n moisture contents at the different drilling t imes . 

Discussion 

Th e r es ults indicate that only two of the seven drilling s showed 

significant so il moisture differences whi ch were attributab l e to the 

cultivation treatments . In both cases the soil moisture was l owe r 

in the cultivated so il than in the uncultivated soil . Both t he 

drillings experienced the lowest soil moisture means amongs t al l of 

the drillings. This indicates that as soil moisture content was 
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reduced the response to cultivation treatment increased. The 

differences found amongst the soil moisture means of the various 

drillings were mainly the result of random occurrence of rainfall 

and are therefore not surpris ing. 

4.2.3.2 Plant count 

Resu 1 ts 

Tab le 12 lists the data of plant counts in th e seven drillings, 

as affected by the cu 1 ti va ti on treatments , when the ferti 1 i ser 

was p 1 aced at 20mm horizontally from the seed with the improved 

chisel coulter. Fig 42 - 48 illustrate the effect of cultivation 

treatment on the p 1 ant counts of rape for each dr-i 11 i ng . 

TABLE 12 Effect of time of drilling and cu l tivation treatment 

on plant counts of rape on day 20 from smving . 

Cultivation No. of plants M-2 

Treatment Drilling time 

1 2 3 4 5 6 7 

Cultivated 41.6 77 .4 10. 7 70.2 62 .6 35.6 37.2 

Uncultivated 64.8 * 86 . 2 NS 5.6 NS 72.2 NS 88.2 NS 59 .2 * 45.1 NS 

Mean 53.2 BCb 81 . 8 Aa 8.1 De 71.2 ABa 75.4 ABa 47 .4 Cb 41.1 Cb 

* Denotes s ·i gni fi cant differences between treatments for any one 

drilling at P < 0 . 05. 

NS: Not sign ifi cantly different at P < 0 .05 . 

Unlike letters alongside means denote significant differences 

amongst times of drilling (cap itals P < 0 .01); lower case letters 

P .. 0. 05) . 
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It is evident from Tab le 12 that the cultivation treatments 

significantly (P < 0.05) effected the plant counts on day 20 from 

sowing in only the first and sixth drillings. There were also 
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significant ( P < 0. 01) differences amongst the means of the various 

drillings, while the greatest overall plant numbers being recorded 

on the second, fourth and fifth drillings. 

Discussion 

It is notev-rnrthy that the tivo drillings (numbers 1 and 6), 

which indicated significant effects of cultivation treatment on 

plant numbers, both had similar means. It is also noteworthy 

that those two drillings also showed sign ificant differences in 

soil moisture due to the cultivation treatments. 

moisture means were also sim il ar. 

Their soil 

Clear ly the cultivation treatments interacted both v-1it h the 

mechanism of moisture loss from the soil, and the effects of the 

fertiliser placement on plant numbers. It seems likely therefore 

that these two mechanisms were themselves related. The lower 

soil moisture level of the cultivated treatments (during drillings 

1 and 6) appear to have contributed to the greater seed or seedling 

mortality in the cultivated plots, compared with the uncultivated 

plots. 

4.2.3.3 Delay in maximum plant counts. 

Results 

Table 13 lists the delays in maximum plant counts in each 

drilling as a function of cultivation treatments. 
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TABLE 13 The effects of drilling time and cultivation 

treatment on delay in maximum plant counts of 

rape. 

Cultivation Delay in maximum plant counts (days) 

Treatment Ori 11 i ng time 

1 2 3 4 5 6 7 

Cultiv ated 18.2 18 .2 19.6 18 .1 20.5 20.0 20 . 5 

Uncultivated 17.5 NS 17 .0 NS 18 .6 NS 20 .2 NS 20.0 NS 19.7 NS 20.0 NS 

Mean 17.8 a 17 .6 a 19.l ab 19.1 ab 20.2 b 19.8 b 20 .2 b 

NS : Not sig nifi cantly different P< 0.05. 

Unlike l etters indicate significa nt differences P 0.05 

within a row. 

It is apparent from the tab l e that the delay in maximum plant 

counts wa s not effected by the two cul tivation treatme nt s in any of 

the drillings. The drilling means of delay in max imum plant counts 

for the first t1"10 drllings were signif ·icantly (P < 0.05) less tha n 

the last three drillings . 

Discussion 

It is interesting to note that the last three drillings (numbers 

5, 6 and 7) delayed t he maximum plant counts by significantly 

(P < 0.05) more days than the first two drillings (number 1 and 2) . 

The 3rd and 4th drillings were not significantly different from 

any of the other drillings. A high posi tive corre l ation (R= 0 .92) 

was found between the dril l ing time and mean de l ay in maximum pl ant 

counts as illustrated in Fig 49. A gradual decrease in soil temp-

erature wa s observed between the first and seventh dri l l i ngs as a 
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result of climat i c change (Autumn t o Winter 1980) . Th i s probabl y 

was responsible for the increasing delay until the numbe r of pl ants 

had maximised. 
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4. 2.4 Summary 

The overall effect of cultivation trea tments in conjunction 

with fertiliser placement (20mm, horizontally separated from the 

seed) by an improved chise l coulter, was to promote greater rape 

plant populations in uncultivated soil compared with cultivated 

soil. These differences were up to 30% in magnitude . The trend 

was more pronounced when soil moisture conditions at the time of 

dril li ng were drier (19-20% db) rather than wetter (23-37%) . 
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4.3 C LARGE BIN EXP ERIMENT 

4. 3 .1 Fertilise r placement effects 

Res ults 

Tab l e 14 summarises the effec t s of posi t ion of f ertiliser 

placemen t on seedling emergence, in -groove seed sta tu s , and 

delay in maximum seedling emergence of rape di rect drilled with 

an impro ved ch i sel coulter . 

TAB LE 14 The effects of fe r tilise r pla cemen t on seedling 

emergence, status of seed in the groove and delay i n 

max imum seedling emergence. 

ar 1cu ars o f F ert1 1ser Pl aceme nt 

Measurements Hori zonta l Vert i cal 
I 

Mi xed 

Seedling emergence . 7 0.05 Aa 0 . 11 Aa 0.03 Aa 
I on day from sovJi ng 14 2.69 Aab I 3 .36 Ab 1.82 Aa 

(plants m - 1 rov1) 21 4 . 20 Aa 2 .46 3 . 33 Aa I Aa 
I 

Genni na ted 12 53 Aa 48 Aab 
l 

36 Ab 
V1 I 
::, 

I .µ 01 
I 20 59 Aa 59 Aa 

I 
44 Ab ro C 

.µ ...... 
V1 > "j 

0 V1 
--0 V1 --0 ' Viable 12 15 Aa 15 Aa I 13 Aa 
CJ CJ I CJ E CJ i V1 0 V1 

~ I ' 20 6 Aa 9 Aa I 12 Aa QJ 4- ~I I 

> --- ' I 

0 >, I 

o ro Dead 
! 

12 7 Bb 12 Bb I 24 Aa 
~--0 I 

01 ' I I C 
C 0 I , 20 9 Bb 10 AB b 19 Aa ...... 

I I 
' I I 

Del ay i n maximum ! i I 
I 16 Aa 18 Aa 17 Aa 
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I 
I 

I 
I 

I 

I 

i 

I 
I 

; 
I 

I 
I 
I 

I 
I 

I 

seed l ing emergence I 
I I I I I (days from sowing) 

' I 

Un l ike letters on a s i ng l e l i ne de note s ignificant differences 

(capitals P< 0.01; l ower case P< 0.0 5) 
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On day 14 after drilling the pla nt population wa s significantly 

(P < 0.05) higher with t he vertical placement of fert ili ser than with 

the mi xed pl acemen t of seed and fertiliser . There was no difference 

between verti ca l and horizontal pl acement on day 14, nor were the re 

any differences amongst any of the placemen t treatments on days 7 

and 21. 

Mi xed pl acement s igni f i ca ntly (P < 0.05) reduced the perce ntage 

of genn i nated seeds compared with the horizontal pl acement on day 12 

but was si1nilar to both the horizon tal and verti ca l placements on 

day 20 . There were no s ignifi ca nt differen ces between horizontal 

and ve rtica l placements on either of these sam pling days . 

The percentage of vi able seeds recovered from the grooves was 

not effected by the placement trea tments when sampled on days 12 and 

20 after drilling. The percentage of dead seeds was signif i cant ly 

(P <0 .05) hig her with the mi xed placement than with either the 

horizontal or vertical placements on both of the samp ling days (12 

and 20). The re appeared to be no diffe rence between ho ri zonta l and 

ve r tical placeme nts with respect to the percentages of dead seeds 

recovered f rom the grooves . 

There were no significant effects of placement treatments on 

the delays until maximum seed ling counts of rape. 

Discussion 

The counts of seedling eme rgence, and the percentage of germinated 

and dead seeds, indicate that the mixed placement of seed and fertilis­

er was the most disadv an tageou s in most respects compared to both the 



horizontal or vertical placement treatments. It is reasonable 

to expect this to have been caused by a toxic effect of the 

fertiliser on rape seed . This trend also confi rnis a similar 

effect observed in the sma ll pot experiment . 

4.3. 2 Soil moisture effects 

Results 
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Tab l e l S summarises the effects of the two soi l mo i sture 

treatments on seedling emergence, in-g roove seed status , and 

delay in maximum seedling emergence of rape, direct drilled wi th 

fertiliser, using an improved ch i sel coulter . 
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TABLE 15 Effects of soil moisture (dry, wet) on seedling 

emergence, in-groove seed status and delay in maximum 

seedling emergence of rape . 

Particulars of Soil moisture 

Measurements treatment 

Seedling emergence Dry Wet 

on day 21 from dr illing 2 .17 Aa 4.66 Aa 

(plan t s -1 row) m 

l/l Germ inated 12 30.7 Aa 63.7 Aa ::i 
' ~ C) i 

rO C I 
~-~ 
l/l 3: I 20 45 .1 Aa 64.1 Aa o~ I 

1 \J (./')V) 

I I I (lJ -a Viable 12 23.5 Aa 7.4 Aa 

I 

ClJ E ClJ 
l/l O (lJ 

5- l/l 
(lJ 4-
> c'"~ 
0 >,--
0 rO 
5- -0 Dead 0) 

I C 
C 0 

>-< 

Delay in maximum 

seedling emergence 

(days from sowing) 

20 

12 

20 

! 
17.3 Aa 3.3 Aa 

15.9 Aa 11. 3 Aa 

10.3 Aa 13 .8 Aa 

17 Aa 16 Aa 

Unlike l etters on a single line denote significant differences 

(capitals P< 0.01; lower case P< 0.05). 

It is apparent from Table 15 that the rape seedling emergence, 

in-groove seed status on days 12 and 20 from sowing, and delay in 

maximum seedl ing emergence were not effected by dry and wet soil 

moisture status. 

4.3 .3 Fertili ser treatment effects 

Results 

The effects of fertiliser treatments on seedling emergence, 

in-groove seed status and delay in maximum seedling emergence of 

rape are summarized in Table 16. 



TABLE i6. The effects of ferti l iser treatments on direct 

d . ll d rl e rape. 

Particulars of 

Measurements 

Seedling emergence 

on day 21 from sowing 

(plants 

(/) 

::::l 
.µ en 
<O C 
.µ ·.-
(/) 3: 

0 I -a (/) 
QJ ~ 

QJ c (/) 
(I) Ou 

s.... QJ 
QJ 4- QJ 
> (/) 

0 >, 
o ro <S--"? 

I S,._-c:J-
en 
I C 

C 0 
>-< 

-1 row) m 

Geri11i na ted 

Vi able 

Dead 

Delay in maximum 

seedlin g emergence 

from sowing (days ) 

12 

20 

12 

20 

12 

20 

I 
I 
I 

Fo 

I 

, 3. 7 Aa 

45 Aa 

49 Aa 

12 Aa 

I 9 Aa 
' 

I 12 Aa 

11 Aa 

17ABabc 

Ferti li ser Treatments 

Fn FN Fp 

4.6 Aa 2.4 Aa 4.0 Aa 

47 Aa 47 Aa 45 Aa 

56 Aa 56 Aa 57 Aa 

12 Aa 16 Aa 17 Aa 

9 Aa 9 Aa 10 Aa 

14 Aa 13 Aa 11 Aa 

11 Aa 12 Aa 9 Aa 

16 Bbc 15 Be 18 ABab 
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Fp 

2 .0 Aa 

44 Aa 

52 Aa 

15 Aa 

8 Aa 

18 Aa 

17 Aa 

19 Aa 

Unlike letters in a single line denote significant differences 

(c apitals P < 0.01; lower case P< 0.05). 

Fo - seed without f ertiliser 

Fn - low rate ammonium sulphate 

FN - high rate ammonium sulphate 

Fp - l ow rate mono-ammonium phosphate 

Fp - high rate mono-ammonium phosphate 

I 
I 
I 

There appeared to be no significant (P < 0.05) effects of fert ili ser 

t r eaunents on seedling emergence, and seed status of rape seeds recover­

ed from the grooves. 
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The high rate of mono-ammonium phospha t e however, caused a 

highly significant (P < 0 .01) del ay in maximum seedling emergence 

of rape compared with both of the rates of ammonium sulphate . 

Both of the mono-ammonium phosphate treatments were significantly 

(P < 0 .05) different from the high rate of ammon ium sulphate in 

cau s ing a greater delay in maximum seedling emergence . 

Discussi on 

The relatively greater effect of mono-ammonium phosphate 

compared to sulphate of ammonia may have been caused by the pres ence 

of both nitrogen and phosphorus in the forn1er formulation while the 

latter contained nitrogen alone. Such an effect wa s no ticed by 

Olson & Dreier (1956), who found that fertilisers containing both 

nitrogen and phosphorous were more toxic to wheat germination than 

those containing only nitrogen, when banded with the seed . 

4.3 .4 Soil moisture and fertiliser placement interactio ns 

Results 

Table 17 summari ses the effe cts of dry (20% db) and wet (30% db) 

soil moistures, and horizontal, vertica l and mixed fertiliser 

placements on seedling emergence, in -groove seed status and delay 

in maximum seedling emergence of direct drilled rape . 
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TABLE ~7. The effects of soil moisture and fertiliser place­

ment treatments on rape seedling emergence , seed status and 

delay in maximum seedling emergence. 

Particulars of 

Measurements 

Soil Moisture Treatment 

Dry Wet 

Placement Placement 

I 
Horizontal· Vertical ! Mi xed ' Horizontal 1 Vertical Mixed 

Seedling emergence 7 0.01 0.01 I 0 .02 0 .13 ! 0 .33 
I 

Aa Aa I Aa Aa Aa 
day from sowing I 

I 

-1 14 I 1.8 1. 5 1.4 i 3.7 5.9 
plants m I Aa Aa Aa Aa I Aa rov, 

I I ' 

I 
I 

21 2.4 2.1 : 2.0 4.4 I 6.9 
Aa Aa Aa Aa I Aa I 

I ' I ! Germinated 12 41 29 23 67 71 
I 

' ABCbc ABab Aa CDd Dd >, 

'° I 
u 

I ~ 20 65 42 31 54 I 80 C Vl 
I OU BCcd ABab I Aa BCbc Cd Q) 

V) Q) - I ~ V) 

I ~ ~ Viable It~ 12 19 
ABbc 

34 
Be 

19 I I ABbc 1 

11 
Aab 

4 
Aa 

CJ) 

SJ C 
Q) .,.. 

Q) 3 
V) 0 

V) 

Q) 

> E 
0 0 
0 s... 
s... 4-
CJ) 
I 

C 

Dead 

Delay in maximum 

seedling emergence 

from sowing (days) 

20 

12 

20 

6 
Aa 

9 
ABab 

5 
Aa 

16 
Aa 

I 

I 

I 
I 

I 
I 

I 

I 

26 25 
Bb Bb 

13 28 
ABCab Cc 

10 17 
ABab I ABb 

19 
Aa 

I 17 
Aa 

I 
I 

I 
6 

Aa 

5 
Aa 

13 
ABab 

17 
Aa 

' 

I 

1 
Aa 

11 
ABab 

9 
ABab 

17 
Aa 

Unlike letters in a single line denote significant differences 

(capitals P< 0.01; lower case P< 0.05). 

There appeared to be no significant (P < 0.05) effect from soil 

moisture or fertiliser placement on seedling emergence on day 7, 14 

MASSEY UNIVE II- -
I ' ~- -' 

I O .04 I 
I Aa I 

2.2 I 
Aa 

3.0 
Aa I 

I 
I 

, 53 I 
I 

, BCDcd i 
I 

60 
BCbcd i 

9 
. Aab 

4 
Aa 

20 
BCbc 

21 
Bb 

16 
Aa 
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or 21 after sowing, and in delaying the maximum seedling emergence 

of rape. 

The mi xed pla cement of fertiliser in a dry soil produced 

signifi can t ly (P < 0 .01) fewer germinated seeds than any of the 

pl acement treatments in 1t-1e t soi l. On t he other hand, vertical 

placement in the dry soil wa s also signifi cant ly (P < 0.05) inferior 

t o all treatments in the wet soil , but this difference occurred 

only on day 12 and had disappeared by day 20 . Vertical placements 

of ferti li ser in the wet soil gave significa ntly (P 0.01) higher 

counts of germination than the mixed and vertical placements of 

ferti lis er in dry soil. 

On both days (12, 20) vertical placement of fertiliser in dry 

soil gave s ignificantly (P ~ 0 .01) higher percentages of viable seeds 

than any of the pla cements in v1et so il. On day 20 t he horizontal 

placemen t of fertiliser i n dry soil produced signifi ca ntly (P 0.01) 

fewer viable seeds in the groove than both of the vertical and mixed 

placements in the same soil moisture. 

Mixed placement of fertil i ser in dry soil gave significantly 

(P < 0.05) more dead seeds in the groove on day 12 than any of the 

other treatments in either soil except the mixed seed and fertiliser 

in wet so il . By day 20, all of these differences had disappeared 

except in the dry soil the horizontal placement of fertiliser ga ve 

a significantly (P < 0.05) lower percentage of dead seeds than either 

of the mixed placements . 
• 
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Discussion 

Most of the fert iliser placements in wet soil and the later 

(day 20) horizontal placement of fertiliser at 20mm from the seed 

in dry soil produced higher percentages of in-groove germinated 

seeds than the mixed or vertical placen1ent of fertiliser at 20mm 

below the seed in dry so il. It appears that mixed or vertical 

placements of fertiliser in dry soil had more adverse effects on 

germination of rape seed (either death or delayed germination) 

than horizontal placement in similar soil moisture regimes or most 

of the fertiliser placements in wet soi l. Moreover it was clear 

that these adverse effects on germination did not a lw ays resu lt 

in seed death. For example, although i t was not surprising that 

vertical placement of fertiliser in the dry soil gave a higher 

percentage (30%) of viable seeds than vertica l placement i n the 

wet soi 1 ( n) . The percentage of vi ab 1 e seeds from the dry soil 

vertical placement was not significantly different from the mixed 

placement in dry soil. By comparison on day 12 at least, the 

percentage of dead seeds in the dry soil mixed treatment was larger 

than the correspond i ng vertical placemen t. Mixed placement in a 

dry soil had the effect of killing seeds whereas the vertical place­

ment ten ded to delay their germination rather than kill the seeds. 

It is interesting to note that while the overall soi l moisture 

data reported in section 4.3.2 above, indicated no mean differences 

between t he two moisture regimes, there were some interactions 

amongst treatments in this respec t . The horizontal placement of 

fertiliser was little effected by soil moisture. It is probable 

that the ho rizon tal placement of fertiliser in dry soil may have been 

helpled by retenti on of so il moisture vapour due to the configuration 

of its groove (Fig 8, 10, 16) compared with mixed (Fig 27) or vert-
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ical (Fig 30) placement in dry soil. Certainly Choudhary & Baker 

(1981 a, b) have indicated that such a groove does retain soil 

moisture vapour, but unfortunate ly no comparable data exis t s t o 

characterise the vertical placement groove. 

There was a greater percentage of dead seeds in the mixed 

placement of seed and fert ili ser in the dry so il on day 12 compared 

with the horizontal placement in the wet soil . Later, on day 

20 this difference seemed to have been extended. The mixed place-

ment of seed and fertiliser in either dry or wet soil at that t ime 

appeared to have caused significant ly more seed deaths compared 

with the horizontal placement in the dry soil. It is probable 

that fertiliser in con tact with seed (mixed) may be at risk compared 

to horizontal placements, where seed and fertiliser were 20mm apart. 

In this respect , however, it is difficult to expla in why the 

relative superiority of horizontal placement compared with mixing, 

was l ess in a wet soil than in a dry so i 1 . 

4.3 .5 Soil moisture and fertil i ser interactions . 

Results 

Table 18 summarises the effects of so il moisture (dry and wet) 

and fertiliser treatments (Fo, Fn, FN , Fp and Fp) on seedling 

emergence, seed status and delay in maximum seedling emergence of 

rape. 
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TAB LE 18. The effects of soi 1 moisture and ferti 1 i ser 

treatments on the seedling emergence, in-groove seed status 

and delay up to ma ximum seedli ng emergence. 
I 

Particulars of ! Soil Moisture Treatment 

Measurement s 
I 

Ory i Wet 

I Fertiliser Fertiliser 
' 

I Fo Fn FN FP Fp ' Fo I Fn I FN Fp 
i 

' ' Seedli ng em ergence I I 
' 

on day 21 from sowing 2.2 3.7 2.4 2.2 0. 9 : 5.8 5. 7 ! 2.5 6 .2 
NS NS NS NS NS NS NS ! NS NS 

(plants m -1 row) I I 

! 

Day 
I I I 

Germinated 12 24 31 45 27 28 73 65 I 50 67 ~ I 
Vl NS NS I NS NS NS I NS NS I NS NS -0 
Q) 
Q) 

I Vl c; , , 
I 66 57 75 C I 20 : 35 56 56 I 42 39 56 I 

;:; ·r- I NS NS I NS NS NS I NS NS NS NS ~3: I 0 I 
Vl Vl 

' ::J I 

.µ E JVi ab 1 e I 12 29 19 20 24 26 2 7 I 12 12 
f'O C 
.µ 5,... NS NS NS NS NS NS NS ' NS NS 
,n 4- I 

i I ' 
I -0 >, 20 21 17 · 13 21 15 2 3 I 6 3 a; '° : 

Q) -0 I NS NS ' NS ' NS NS NS NS NS NS Vl I 
C: I I 

Q) 0 
> I I Dead 12 14 20 9 17 21 10 9 I 17 7 0 

I 0 NS NS I NS NS NS , NS NS NS NS 5,... 
CJ) I I I 
I 

C I 20 13 10 ' 6 9 16 9 15 I 19 9 >--< 

l I 

NS NS NS NS NS NS NS I NS NS 
I I I 

Delay in maximum I ! 
I 

seed ling eme rgence 17 16 I 14 I 18 20 17 15 I 16 17 
NS NS NS NS NS NS NS I NS NS 

(days) from sowing I ' 
I I 

NS: Not significant differences in a row at P< 0.05. 

It is ev ident from the table th at there were no significant 

differences (p < 0.05) or interactions amongst any soil moisture and 

fertiliser treatments. 

; 

Fp 

' 
! 

3 .6 : 
NS I 

I 

I 

I 
65 I 

I NS I 
; 

67 I 

NS 

6 I 

NS 
I 

3 
NS 

I 

16 
I NS 
I 
' 
I 

18 
NS ' 

' 

I 

17 I 
I 

NS I 
I 



4. 3.6 Placement and fertiliser interactions . 

Results 
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The effects of position of placement and fertiliser treatment 

on seed ling emergence, seed status and delay in maximum seed l ing 

emergence of direct drilled rape are summari sed in Table 19 . 

TABLE 19 . Effect of fertil i se r and placement treatments on 

the seed l ing emergen ce , in-groove seed s tatu s and delay in 

maximum seed ling emerge nce of rape. 

Particulars of 

Meas u rem en t 

Placement Treatment 

Horizontal Vertical 

Fertiliser Fertiliser 
t I • j I 

Mixed 

Fertiliser 

'Fo Fn FN
1

Fp l FP Fo Fn 1FN 1Fp Fp Fo Fn FN Fp Fp l 

Seedling emergenc~ I 

l 
I -2 I plants m on day 4 .4 2.7 1.6 

NS NS NS 
21 from sow ing 

I 
I 5.6 3. 1 

NS I NS 
5. 2 5,8 3 .9 3.1 3 . 3 
NS NS : NS ; NS I NS 

I I 

2 . l ' 5 . 8 2 . 1 3 . 4 0 . 5 
NS I NS NS NS NS 

i Germi na t ed1 12 ,47 55 53 56 56 49 46 54 : 41 I 51 40 39 35 38 29 
' ~ NS NS NS NS NS I NS NS ; NS NS , NS · NS NS i NS NS NS 
I Vl i I I I 

I ~ 
I 

I 20 142 62 57 67 71 : 66 61 48 65 60 43 47 I 64 43 29 ,~ 
I ,_., en i NS i NS NS NS NS NS I NS NS NS NS , NS NS ! NS NS NS 
I ----- .;: ' 

I vi::;:Viable : 12 19 15 12 11 17 · 10 11 20 26 I 11 i 8 11 16 18 16 
::i 0 

NS I NS I NS I NS NS NS NS NS +-' Vl NS NS NS NS NS I NS NS 
<tl I I I +-' E I 

Vl 0 
22 4 12 I s.... 20 9 2 11 6 I 3 7 9 14 11 I 7 1 10 17 

-0 '+-

' 
(lJ I NS NS NS NS . NS ' NS NS NS NS NS I NS NS I NS NS NS 
OJ >., I Vl <tl 

I "O 
' 12 21 I 22 ~ c: Dead 5 ' 8 13 4 8 ; 10 I 10 6 16 18 24 16 33 

0 0 ,NS NS NS I NS NS · NS I NS NS NS NS NS NS NS NS NS 
0 I 

s.... 
0) 

12 10 / 12 27 42 I I 20 11 11 11 4 8 , 10 I 17 13 3 10 
C: 

NS I NS NS ! NS ' ' >-< NS NS NS I NS NS , NS I NS NS NS NS NS I 
i I i i I 

Delay in maximum 15 I 15 14 . 17 19 j 18 ! 16 17 19 18 117 16 15 ' 16 . 19 l 
I 

I NS NS NS NS I NS NS I NS NS NS NS I NS NS NS NS NS · 
! seedling emergence I I 

I 

I I I I 

I 
I 

I 
(days) from sowing I 

I I 
I 

I I 
I I i I I 

NS: Not significant (P < 0. 05) in a row . 
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Although the table indicates that there were no significant 

differences or inte ract ions amongst the treatments at P < 0.05, 

the interactions in counts of dead seeds on day 20 were signific-

ant at the lower order of probability P < 0. 07. 

analysed separately and summarised in Table 20. 

These are re -

TABLE 20 The effect of placement and fertiliser treatments 

on dead seeds of rape on day 20 after sowing. 

Fertiliser 

Treatmen t 

Fo 

Fn 

FN 

Fp 

FP 

% dead seeds 

Placement Treatment 

Horizontal Vertical 

11 Aa 10 Aa 

11 Aa 17 Aa 

11 Aa 13 Aa 

4 Aa 3 Aa 

8 Aa 10 Aa 

Mixed 

12 Aa 

10 Aa 

12 Aa 

27 Bb 

42 Bb 

Unlike letters in a row indica te significant differences 

(capitals P~ 0.01; lov1er case letters P < 0.05) 

It appears from Table 20 that with no fertiliser (Fo) and both 

of a~no nium sulphate (Fn, FN) there were no significant effects 

attributable to placement treatments. On the other hand with both 

of the mono-ammonium phosphate treatments (Fp, FP) there were 

significant (P < 0.01) differences due to position of placement. 

The mixed placement of mono -ammonium phosphate with seed caused 

more death of seeds than either the horizontal or vertical placements 

on day 20. 



Discussion 

It is interesting to note that the ad verse effect of mono ­

ammonium phosphate, mixed with the seed did not appear until 
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day 20 . Moreover it has prev i ously been noted (Section 4.3.3) 

that the high rate of mono-ammonium phosphate had a l so caused 

more delay in the maximum seedling emergence than the correspond-

ingrate of ammonium sulphate . Therefore it appears , that the 

mixed placement of mono-ammonium phosphate exerted its effect 

over a period of time, delaying maximum emergence and also 

causing permanent damage to the seed . The horizonta l and 

verti cal separation of mono -ammonium phosphate (where the distance 

between seed and fertiliser was 20mm) not on ly helped to reduce 

the total toxic effect of fertiliser, but also reduced the delays 

apparent ly assoc i ated with seed damage. 

4.3.7 Summary 

From the results of la rge bin experiment, it appears that 

soil moisture status, as a main treatment was not i nfluential in 

affec ting any of the rape parameters obse rved. In comparisons of 

fertiliser placements, most of the horizontal or vertical place ­

ments resulted in greater percentages of germinated seeds and fewer 

dead seeds recovered from the groove than was the case with the 

mixed placements. Fertiliser may have delayed max imum seedling 

emergence of rape, es peci ally when the two were close together, 

but these results were not conclus ive . 

Amongst the interactive effects of trea tmen ts , soil moisture 

and placement had some effect on the seed status. Most of the 



placements in wet soil and most of the horizontal placements in 

dry soil gave better percentages of germinated seeds and lesser 

viable seeds than the remaining treatments. Most of the mixed 

placements appeared to have caused more dead seeds than the 

majority of horizontal placements. 
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Soil moisture per se and fertiliser pe r se showed no effects 

on rape parameters. The interaction of fertiliser and placements, 

indicated that mono -ammonium phosphate mixed with the seed was 

likely to increase the percentage of dead seeds more than when it 

was pl aced horizontally or vertically separated from the seeds. 



108 

5 DISCUSSION AND CONCLUS IONS 

Cultivation 

It is evident from the f i eld expe riment that the placement 

of ammon ium sulphate, separa ted by 20mm f r om the seed with an 

imp roved chisel coulter, produced greater numbers of rape plants 

in uncultivated soil than in so il which had been rotary hoed . 

This response was more pronou nced in the drier ranges of so il 

moisture than i n more moist conditions at the time of drill i ng. 

The greater sensitiv i ty at lower soil moisture l evels may have 

been due to the in-groove moisture retention proper ties of the 

coulter. This property of the coulter was outlined in detail by 

Baker & Choudhary (1981 a, b, c) . The authors found that the 

groove formed by th e cou lter in uncultivated soi l, had good 

potential fo r retaining so il moi s ture in the vapour form, which 

was desirable from the standpoint of gennination and sub sequent 

seed ling emergence. It is poss ible that the cultivated so il did 

not retain sufficently the boundaries of the groo ve , to enab le it 

to exploit the vapour moisture as effec tively as in uncultivated 

soil. It is unclear though whether or not the impro ved chi se l 

coulter exerted its inf lu ence in uncultivated soil by promot ing 

germination and seedling eme rgence or by reducing the t ox ic effect 

of ammonium su l phate on the seeds because of the higher moi s ture 

regime in the groove in the uncultivated soil as compared to cultiv-

ated . Both explana t ions are possib le. Perhaps a combination of 

the two occurred . Because even the drier soil moisture regimes 

of this exper iment could not be cons idered to be limiting , it is 

possible that there is another explanation. The groove formation 

by the improved chisel cou l ter also included the formation of a deep 
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narrow vertica l cut by the dis c wh ic h passed between the seed and 

fertiliser and ext ended 75- lOOmm below either. In the uncultivated 

soil this cut remained we ll defined and may have effectively 

interru pted the ho r i zonta l liqui d movement of water or solutes 

between the seed and fertiliser. In the cultivated soil this 

slit was noticea bl y l ess di st inc t and gave the appearance of having 

collapsed or crumbled. No unreasona bly crumb ling of this nature 

co uld be expected to be greater in a drier soil t ha n a moist soil, 

thu s exaggerat ing the difference in the drier situation. This 

explanation too, however, was not fully supported by the small 

pot experiment where no central deep slit occurred. 

Fe rtiliser placement 

In the smal l pot exper iment t he horizontal separation of 

f ertiliser by 20mm from the rape seed proved advantageous in terms of 

seedling emerge nce, initiation and maximum seedling emergence delays 

as well as in yield characteristi cs of the plants. 

Mixed seed and fert il iser, and horizontal or vertical placements 

at 10mm adverse ly effected the initiation and ma ximum seedling 

emergence delays , and yield parameters as compared to horizontal 

placement of fertiliser at 20mm from the seed. This appears to have 

been as a direct result of the toxicity of ammonium sulphate as there 

were no other functions involved which could be attributed to actual 

coulter operation. The adverse treatment effects mainly resulted in: 

(i) delayed germination and subsequent seedling emergence, and/or 

(ii) permanent injury to seeds or seedlings. 



The superiority of at least the horizontal, and in some 

respects also the vertical placements of fertiliser at 20mm 

from the seed in terms of seedling emergence, germination and 

death of seeds was partially confirmed in the large bin 

experiment with the improved and modified versions of chisel 

coulter. However, amongst the interactive effects, most 

of the placements in wet soil and most of the horizo ntal 

pl a cements in dry soil promoted better gern1i nation and 

viability of seeds. The majority of mi xed placements caused 

greater seed deaths than most of the horizon t al pla cements. 

It is logical to expect more dead seeds in the mixed pl acements 

because of close proximity of seeds and fertiliser, but the 

superior performance of the horizontal 20mm pl a cement compared 

to the vertical 20mm pl a cement casts some doubt on whether the 

fertiliser effect on seed can be expla ined as a simp l e funct i on 

of distance between the two. It is possible that the greater 

overall depth of the fertiliser in the soil with the vertical 

placement (40mm) , compared to the horizontal placement (20mm) , 

may have provided more moisture from the soil profile. However 

an analysis of the ungerminated seeds recovered from the groove 

' did not confirm this. Moreover in the dry soil the horizontal 

placement proved to be better than the vertical placement, 
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which suggests that the shape of groove might have played a more 

major role than previously thought. Th e verti cal placement 

groove contained sub-surface shatter ing to one side of the disc 

only, while in the horizontal placement this shattering was on 

both sides of the disc. The other notable difference was that 

in the horizontal placement , seed and fertiliser were separated 
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by the dis c cu t in the ce ntre as discussed previously. With 

the vertical placement the seed and fertiliser were on the same 

side of the dis c slit an d were therefore likely to experience more 

uninterrupted moisture movement in a simil ar manner to the 

cultivated soil . A simi lar superiority of the horizontal over 

the ver t i ca l placement at 10mm was observed 1n the small pot 

expe riment, even though no cou lter was used. The soil between 

seed and fertiliser wa s undistu rbed in the former, while in 

t he latter the separating soil was in the form of a replaced 

core and thu s may not have been as intact as in the horizontal 

pl acement. 

Whatever the explanation, it seems that there i s an added 

reason why the horiz on tal placement has an advantage in mec hanica l 

terms. Compared t o the ver ti ca l placement the penetra tion forces 

are equa ll y distributed on both s i des of disc and are equ idis tant 

from the axle of di sc in t he horizontal placement . This would be 

expected to result in t he avoidance of uneven wear and stresses on 

the assembly. It also provides less chance of physica l contact 

between seed and fertiliser and has the added flexibility of allow­

ing se lection of either side for fertiliser or seed delivery. 

Conclusion 

This study was confined to rape seed (C. "Tower"), mainly 

ammon ium sulphate, limited moistu re ranges and soil types, and 

with few pl acement dista nces. Since all three experiments came to 

similar conclusions >using different te ch ni ques , the validity of the 

results was strengthened. The fo llowing conclusions were drawn: 



1. Mixed placement of rape seed with ammonium sulphate or 

mono-ammonium phosphate fertil i sers at the rates 

-1 ~30kg -N ha should be avoided. The effects of lower 
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app li cation rates of these ferti li sers shou ld be further 

investigated. 

2 . Ammonium sulphate and mono-ammonium phosphate at the rates 

-1 ~30kg-N ha require horizontal separation from rape seed 

by a minimum of 20mm distance. 

3. With this separation configurat i on , unculti vated soi ls 

give better seed survival than cu ltivated soils , especially 

at the lower end of the "available" soil moisture range. 

4. The improved chisel direct drilling coulter is capab le of 

achieving the objective of 20mm horizontal separation. 

This is not to say that the tolerance of this or any other 

direct drilling coulter is incapable of improvement. 
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APPENDI X 1 

Re sults of seedling emergen ce - Small Pot Exp eriment. 

% Seedling emergence 

Day from sowing 

Treatment Re~licate 6 7 8 9 10 11 12 13 14 15· 16 

Seed Sown 1 80 85 95 95 95 95 95 95 95 95 95 

Without Fertiliser 2 50 65 75 75 80 80 80 80 80 80 80 

3 60 75 90 90 90 90 90 90 90 90 90 

Mean 63 75 87 87 88 88 88 88 88 88 88 

Mi xed 1 0 0 0 0 0 0 0 0 0 0 0 

2 0 0 20 35 45 45 45 45 45 45 45 

3 0 0 25 35 35 40 45 45 50 50 50 

Mean 0 0 15 23 27 28 30 30 32 32 32 

Horizontally 1 0 0 15 35 40 40 45 45 45 45 45 

separately by 2 0 35 70 80 80 85 85 85 85 85 85 

10mm 3 0 10 50 60 70 70 75 75 75 75 75 

Mean 0 15 45 58 63 65 68 68 68 68 68 
s.... 
QJ Horizontally 1 15 55 60 70 70 70 70 70 70 70 70 V) 

,,-
separate ly by 2 25 50 60 65 65 65 65 65 65 65 65 +' 

s.... 
QJ 

LL 20mm 3 25 50 50 65 65 65 65 65 65 65 65 
-0 
C 
ro Mean 22 52 57 67 67 67 67 67 67 67 67 

"O 
QJ 
QJ Ver ti cal ly 1 0 0 15 35 45 55 55 60 60 65 65 V) 

separated by 2 0 0 0 20 30 40 40 45 45 45 45 

10mm 3 0 0 5 10 10 15 15 15 15 15 15 

Mean 0 0 7 22 28 37 37 40 40 42 42 

Vertically 1 10 30 65 75 85 85 85 90 90 90 90 

separated by 2 5 30 40 50 55 55 55 55 55 55 55 

20mm 3 0 5 15 25 45 45 50 50 50 50 50 

Mean 5 22 40 50 62 62 63 65 65 65 65 I 



APPENDIX 2 

Results of seedling emergence - Small Pot Experiment. 
% seedling emergence on day from sowing. 

After irrigation (on day 21 from sowing) 

Treatment Replicate 21 22 23 24 25 26 27 28 29 30 31 37 

Seed Sown 1 95 95 95 95 95 95 95 95 95 95 95 95 

Without Fertiliser 2 80 80 80 80 80 80 80 80 80 80 80 80 

3 90 90 90 90 90 90 90 90 90 90 90 90 

Mean 88 88 88 88 88 88 88 88 88 88 88 88 

Mixed 1 0 0 0 0 10 15 20 25 30 35 40 25 

2 45 45 50 50 50 50 50 50 50 50 50 50 

3 50 50 50 50 50 50 50 50 50 50 50 45 

Mean 32 32 33 33 37 38 40 42 43 45 47 40 

Horizontally 1 45 45 50 55 55 55 55 55 55 55 60 60 

separated by 2 85 85 85 85 85 85 85 85 85 85 85 85 

10mm 3 75 75 75 75 75 75 75 75 75 75 75 75 

s,_ Mean 68 68 70 72 72 72 72 72 72 72 73 73 
G.) 

V1 

Horizontally 1 70 70 70 70 70 70 70 70 70 70 70 70 
.µ 
s,_ separated by 2 65 65 65 65 65 65 65 65 65 65 65 65 G.) 

LL 

-0 20mm 3 65 65 65 70 70 70 70 70 70 70 70 70 C 
n::l 

-0 Mean 67 67 68 68 68 68 68 68 68 68 68 68 G.) 
G.) 

V) 

Ver ti ca lly 1 65 65 65 65 65 65 65 65 65 65 65 60 

separated by 2 45 45 45 45 45 45 45 45 45 50 50 40 

10mm 3 15 15 20 20 20 20 20 20 35 40 45 45 

Mean 42 42 43 43 43 43 43 43 48 52 53 48 

Vertically 1 90 90 90 90 90 90 90 90 90 90 90 90 

separated by 2 60 60 60 60 60 60 60 60 60 60 60 60 

20mm 3 50 50 50 50 50 50 50 50 50 50 50 50 
I 

Mean 67 67 67 I 67 67 67 67 67 67 67 67 67 



APPENDIX 3 

Yield charac teri stics of rape plan t s , harvested on day 37 

from sowing (Small Pot Experiment). 

Per Plant Total 

Fresh Dry Fresh Dry 
No. of Heigh t Weight We i ght Weight Weight 

Treatment Replicate Leaves (cm) I ( g) (mg) ( g) (mg) 

Seed Sown 1 3.9 5.8 0 .40 40 7.6 770 

Without Fertili se r 2 4.1 6.7 0. 51 49 8 .2 790 

3 4.2 6.5 0.49 49 8.7 878 

Mean 4 .1 6 .3 0 .47 46 8 .2 813 

Mixed 1 2.4 1. 9 0 .04 5 0.2 26 

2 3.5 3.8 0 .21 22 2.1 223 

3 3.9 5 .2 0 .41 41 3.7 368 

Mean 3. 3 3.6 0 .22 23 2.0 206 

Horizontally 1 3.4 3 .6 0 . 25 23 3.0 280 

separated by 2 3.6 4 .1 0. 21 22 3.6 380 

10mm 3 2.9 2.8 0.09 13 1.4 200 
l,... 
Q) 

Mean 3 .3 3. 5 0 .18 19 2 .7 287 (/) 

•,-

.µ Hor iz ontally 
l,... 

1 3.9 5.4 0. 55 55 7.7 768 
Q) 
4- separated by 2 4 .1 5.4 0.40 36 5.2 472 
"'O 
s:: 
'° 20mm 3 4.9 

"'O 
10. 5 1.64 150 21. 3 1955 

Q) 
Q) 

Mean 4.3 7.1 0 .86 80 11. 4 1065 Vl 

Vertically 1 3.7 4 .1 0.31 35 3.7 426 

separated by 2 3 . 7 4.3 0.16 27 1. 3 213 

10mm 3 2.4 3.1 0 .17 15 1. 7 153 

Mean 3.3 3.8 0.21 26 2.3 264 

Vertical ly 1 4.3 7.0 0.69 73 12.4 1310 

separated by 2 4.0 4.7 0.30 34 3.6 410 

20mm 3 4.3 6.4 0.61 56 6.1 562 

Mean 4.2 6.0 0 .53 54 7.4 761 



APPENDIX 4 

Initiation of seed l ing emergence and delay in maximum 

seed ling emergence prior to irrigation. 

(Small Pot Experiment) 

Days from Sowing 

Treatment Replicate 

Seed sown 1 

without fertiliser 2 

l­
CIJ 
V) 

Mixed 

Horizontally 

separated by 

10mm 

~ Horizontally 
+-' 
l-
CIJ separated by 
4-

-0 
C 

"' 
-0 

Cl) 
Cl) 

V) 

20mm 

Vertically 

separated by 

10mm 

Vertically 

separated by 

20mm 

3 

Mean 

1 

2 

3 

Mean 

1 

2 

3 

Mean 

1 

2 

3 

Mean 

1 

2 

3 

Mean 

1 

2 

3 

Mean 

Initiation of 
Seedling Emergence 

6 

6 

6 

6 

8 * 

8 

8 

8 

8 

7 

7 

7.3 

6 

6 

6 

6 

8 

9 

8 

8.3 

6 

6 

7 

6.3 
* Calculated as a missing value 

Maximum 
Seedling Emergence 

8 

10 

8 

8.7 

12 * 

10 

14 

12 

12 

11 

12 

11. 7 

9 

9 

9 

9 

15 

13 

11 

13 

13 

10 

12 

11. 7 



1. 

2. 

3. 

4 . 

APPENDIX 5 

Meteorological Data * --- Massey University Station 

1980 

March April May June 

Mean monthly temperature (c0
) 15.3 13.4 11 .5 8 .4 

Range of mean temperature (Co, 
, I 7.7 8 7.5 8 

Mean daily rain (mm) 4.6 3.4 1. 2 2 

Mean daily bright Sun hours 3 .3 3. 3 3.4 2.6 

* Agronomy Department, Massey University Records. 
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APPENDIX 6 

Drilling 1 Results (Fiel d experiment) 

Date of dril ling 14.3.1980 

Date of ha rve sting 1. 7.1980 
I 

Particulars i Cultivated Rep licates Uncu l tiva t ed Replicates 
: ' 
I 1 2 3 4 Mean 1 2 3 4 Mear 

So i l mo i stu re at 1 19 . 1 15. 6 17 . 4 18.5 17 . 6 23.6 20 .2 20 .0 17.1 20 . 2 

dr i l li ng (% db) 8 1. 7 2.7 2 . 3 2.7 2 .3 16 .3 11. 0 10 . 7 5.0 10. 7 
I ' 

I 9 ! 2.3 
I 

5. 7 6.7 4 .7 4 .8 20.0 17.0 22.0 5.7 16.2 
I 

10 I 7.0 11. 7 15. 0 13.3 11. 7 30.7 25 .3 31.3 13.7 25 . 2 
' 
! i 

er, 11 11 .7 18.0 23.0 22.3 18. 7 43.0 39.0 40.3 22 .0 36 . C I 
I ...... 
I 3: I 

0 I 12 17 .3 22 . 0 30 .3 26.7 24.1 52 . 0 51.0 46.0 35 . 7 46.j 1./) I 

E I I 0 

I 
13 21. 7 29 .0 35.3 130 .0 28.0 53. 3 55.7 48 .3 41. 0 49 . s.... 

4-
I 

>, 14 , 25 . 3 36 .7 42. 7 135. 3 35.0 56.7 65.0 55.3 50 .0 56 . ?j rO 
-0 I 

I 
C 15 28 . 3 40 . 3 44 . 3 40 .0 38.2 61.0 70.7 58. 7 51. 7 60 . 5 0 I 

63 ~ N I I 
E 16 31.0 43.3 ,48.0 !44.7 41 .7 64.7 70 .0 58 . 7 61. 7 

-----
. I 1./) I +-' 

63.Q C 17 29 .3 45.0 51. 3 45.7 42.8 67 . 7 69 .3 56 .0 62 . 7 :::i 
0 I 

u I 
+-' 18 30 .0 46. 0 52. 7 146 . 7 43.8 69.3 69.7 58.3 65 . 0 65 .~ 
C 

64 . ~ 
<U I 
~ 

I 19 31. 0 43.3 48 . 7 '44 .0 41 .7 64.0 70 .0 60 .0 62.7 D. 
I 

QJ 

I 20 
I 

D. 30.0 43 .3 48 .7 45 .7 41.9 65.3 70.0 60.0 64 .0 64 .8 <U 

I 21 
a::: 

30.0 44.7 48 .3 46 . 0 42 .2 65.3 66 .0 60 .0 ~4 .0 63.E 

Fres h weight (kg ) 5.5 3.6 4.6 5.3 4 . 7 7.7 3.8 5.8 6. 4 5.S 
Yield 

Dry weight (g) 650 493 638 1686 617 1867 484 681 783 704 

Dry weight l eaf/stem I 

ratio 1. 4 0.9 1.1 1.1 1.1 1 1.2 1.0 1.0 0. 9 1.( 

Days to maximum pl ant 19 18 18 18 18 . 2 118 15 19 18 17 . :, cou nts I 



Plant 

APPENDIX 7 

Plant analys is for major el ements (Field experiment) Drilling 1. 

% we i ght 

Major Cult ivated Rep li cates Uncultivated Replicates 

fractio n elemen t 1 2 I 3 I 4 Mean 1 
! 

2 3 4 !Mean I 
I i 
I 

4. oo I 4 . oo · 3. 7 5 
I 

Leaf N 13. 45 3 .40 , 4.20 3.60 3 .66 3.3013 .76 
I 

I 
p 0.45 0.45 !0.40 0 .41 0 .43 0.48 0.51 0 .45 0.36 0.45 

I I I 
' 

K 4.23 2.85 2.2813.85 3.30 4 . 35 3 . 18 .3.84 3.6413 .75 

Ca 
1

1. 91 1. 38 I 1. 7 5' 1. 7 4 1.6911.97 1.521.54 1.9711.75 
I I I 

I I I Na iD · 21 0.08 10 . 27 0.24 0.20 ' 0.17 0 . 13 10. 15 0.20 !0.16 
i I I I Mg 10. 22 0 . 20 0 .23 10 .19 0.21 0 . 23 0.20 0.25 0.23 10.23 

lo.88 o .85 jo . 74 o.74 10 .89 
I 

0.78 
I 

0 .90 i0.82 s 0.90 0 . 83 
I ' 

I 

Stem N 11. 60 1. 50 2.65 1.85 1.9011.50 2 .00 1.60 1.75 11.71 

p 0.38 
i I 0.32 10 .36 

I 
1
o. 40 0 .33 i0.38 0.37 , 0 . 32 0 .44 0.36 

i 
K 4.53 3 . 72 3.10 3.80 3.79 , 4 .44 4.24 4. 73 4.05 . 4 .36 

I ! 

Ca 0.38 0 . 55 0 .7810 . 72 0.6l f 0 .78 0.55 0 .59 0 . 72 0.66 
' 

Na 0.08 0 .07 0.25 !0 . 16 0 .14 0 .15 0 .09 0 .11 0.13 0.12 

Mg ,0 .13 0 .1 2 0.17 0 .15 0 .1 5 0 .1 2 0.13 0.14 0 . 18 0.14 
I I 

0.45 10.41 
I 

s 0. 51 10 . 44 0.45 10.39 0.45 0 . 46 0. 51 0.45 
! I I 



AP PENDIX 8 

Drilling 2 Results (Fi e ld experiment ) 

Date of drilling 21 . 3 . 1980 

Date of harvesting 1. 7 . 1980 

Particulars 'Cultivated Repl i cates Un cu ltivated Replicates 

1 I 2 3 4 IMea n 1 2 1 3 4 Mean 
I 

Soil moisture at 26 .1 :25.o 25 . 7 25 .o 25. 5 21 . 2 25 . 4 125.o 27.5 26 .3 
I I 
I 

dr i lling O;, db) , 7 13 . 3 jl 2.3 8.0 5 .3 9. 7 8 .7 10 . 0 i 7 .0 12.7 9.6 

8 38 . 3 !34 .3 18 . 7 16 . 7 27 .0 24. 7 29 . 3 !24 . 7 25 . 3 26 .0 
i I I I 

I 9 55 . 3 151.7 36 .7 32 . 0 43.9 39. 3 37 . 3 46.7 45.0 42.1 
I 

I I I 

1 
10 63 . 3 !71.7 46 .7 50.7 58.1 56.7 51.7 62 .0 62.3 58. 2 j 

0) 11 
C -~ 
3 

12 0 
: V) 

E 
13 0 

s.... 
'+-

>, 14 
(Cl 

-0 

~ 15 0 

N 
C: 16 -V) 

+-' 
C 17 
:::I 
0 
u 

+-' 18 
C 
(Cl 

~ 19 
0.. 

QJ 
0.. 20 (Cl 

a:: 

21 

Fresh We ight (kg) 
Yield 

Dry Wei gh t {g ) 

Dry weight leaf/s tem 
ratio 

Days to ma ximum pl ant 
counts 

79.0 !88 .0 54 .0 60 .7 70.4 77 . 7 69.0 ,75 . 0 83.3 76.2 1 
I I 

82 . o l92 . o 60 . o 63 . 3 7 4 . 3 80 . 7 7 4. o 79 . 3 ~6 . 7 80 . 2 I 
81.3 194 .0 60 . 0 63.3 74 .7 83 . 3 69. 3 ,80. 0 188 . 3 80 . 2 ! 

84 . 0 :96 .0 60 .o r7 . o 76.7 88 . 3 83. 3 80 .0 S2 . 3 86. o 

85 . 0 196 .060.7 171. 7 78 . 3 90 .0 83 . 3 80 .3 92.7 86 . 6 
I 

85 . 3 196 . 7 60 . 3 72 . 0 78 .6 91.7 84 .0 80.7 S5.0 87 . 8 

86 . o l97_ 0 60 . 7 72. 7 80. o 92 . 7 82 . 7 80 .0 S6. 7 88 .o 
i I 

18 6 . 0 ? 5 . 0 61. 0 7 3 . 3 7 9 . 3 9 3 . 3 81. 7 8 0 . 3 ~ 7 . 3 8 8 . 2 
I 

88 . 3 194 . 7 60 .0 70.7 78 .5 93. 3 81. 0 78 .7 ~3.7 B8 .7 
I 

88 . 0 95 . o 59. 3 70.0 78 . 0 92 .7 80 . 7 ,78 .7 S3.3 86.3 

87 . 3 95.o 59 . 3 69.3 77.7 91 . 7 a o.o 78 .3 S3.3 B5.8 
I 

7, 2 I 5 • 2 2 . 3 3 . 1 4 .5 5. 2 4 . 2 ; 4 . 4 6.2 5.0 
' I 

862 
i635 1312 398 552 642 594 583 730 637 

I 
1. 5 J 1. 8 1. 8 1. 9 1. 7 2 .0 1.7 1 2.4 2.1 2.0 

I I 

l 
19 'rn 18 18 18 .2 18 16 '16 18 17.0 

I ' 



APPENDIX 9 

Plant analysis f or majo r elements (F ield experiment) Drilling 2 

% weight 

Plant !Major Cultivated Rep l ica tes 
I 

Uncult iv ated Rep li cates i 

fraction !element 1 I 2 3 4 Mean 1 2 3 4 Mean , 
' 

Leaf 

Stem 

I . , N 13.60 4.20 3.40 3.90 3 . 77 3 .75 2 . 30 3 . 20 4 .30 3 .39 

I p 
I 

K 

Ca 

Na 

Mg 

I S 

I N 

p 

K 

Ca 

Na 

Mg 

s 

'0.47 0.53 0.48 0.51 0.50 0 .54 0 .48 0 . 43 0.49 0 . 48 
I I 

I I 

13 . 25 3. 27 13.55 3 . 27 3.33 3.39 3.12 3 . 29 3 . 15 ' 3.24 

,1 .98 1.65 1.41 1.44 1.62 1.62 1. 38 1.64 1.70 1 .58 

0 . 24 0.11 0. 10 0.1 3 0.14 0 .10 0 .08 0.13 0.22 0 .1 3 
I I 
I 
0 . 22 0 . 20 0.21 0 .20 0 .21 0.21 0 .17 0 .19 0 .23 , 0.20 
I I I 

,0.74 0. 71 0.72 0 .87 0.76 0.7 3 0 .77 0 .87 0.88 0.81 
I I 

;1.50 2.10 11.85 2.45 1.97 1.35 1.70 2 .00 2 .20 1.81 
' 

io .34 lo.48 !o .43 o .47 o.43 o .4o o.43 o .42 
' . I I 

,4.4 21 4. 2714.20 4. 35 4.31 4 .44 3.75 3. 77 

I 0 .41 10 .42 
I 

4.25 ' 4.05 
I I l I 
:0 . 72 !0.64 10 . 64 0.65 10.66 0 .48 0.49 , 0. 75 0.68 0 .60 

I I 
D.21 10.09 0.09 O.ll i0.12 0 .09 0.07 0. 09 O.l l j0 . 09 

t I i 
0 . 13 10.15 0.17 0. 17 10.16 0 .13 0 . 13 0.17 0 .16 0.15 

I ' 

0 .43 0.49 0.51 0.52 , 0.49 0.44 0 .45 0 .52 0 . 50 0 .48 
I I I 



APPENDIX 10 

Drilling 3 Results (Field expe riment) 

Date of drilling 2.4.1980 
' 
I Particulars Cultivated Replicates 
I 

: ' I I 1 I 2 3 4 Mean 
I 

I 

i Soi 1 moisture at ; 32.0 , 41.0 42.0 40 . 0 38.7 
I 

drilling ( o/~ db) 10 0 
I 

0.6 9 .0 8.3 4.5 

CJ) 11 I 0 1.0 10.3 9.3 5.1 
C I 

I ·r- I 
3: 12 I 0 1.0 12.0 110.3 5.8 0 
(/) 

I I 
E I 
0 13 0 1.0 15.0 , 11 . 3 6.8 
s.... 

I 4- ' 
>, 14 0 

I 
2.0 15 .7 1 13.0 7 .7 

ro I -0 

I C 15 0 2.0 16.3 , 13 . 3 7 .9 
I 

0 

' N 16 0 2.3 17.3 12.7 8.1 I E 
I -......... 

(/) 

+-' 
I 17 0 2.7 17. 7. 13. 3 8 . 2 C 

:::, 

! I 0 
u I 18 1 0 2 . 3 16 .7 13.3 8.1 
+-' 

I C 
ro 19 ' 0 2.3 16.7 13.3 8 .1 ~ 

0.. I ' I 
a; 20 0 2.7 16.7 14.7 8 . 5 0.. I ro I a: I 

I 21 0 I 3.0 16.7 15. 0 8 .7 
1 Days to maximum 

1:.6 121 1 plant counts 17 21 19.6 
I 

' I 

* Calculated as a missing value. 

Uncultivated Replicates 

1 2 I 3 4 Mean 
i 

37 .0 36.0 , 35 .0 34 .0 35 . 5 
I 
I 

0.6 4.01 1. 7 4.0 2 .6 
I I 

1.0 1 4. o1 
3.0 4.0 3 .0 

I 
I 

1.0 1 4.0 3.7 4.3 3.2 
I 

1.01 4.0 4.3 7.3 4 .1 
I 
I 

1. 3 5.3 5.3 10.0 5.5 

1. 3 ' 6.7 5.7 10.3 6.0 

1. 3 6.7 5.0 10.3 5.8 
I 

1. 3 6. 7 I 5.3 10.3 5.9 
I 

1.3 6.0 5.7 10.3 5.8 
I 

1. 3 6. 0 5.7 10.7 5 .9 
j 

1. 3 6.7 , 6.0 10.7 6 .2 

1. 3 7.3 ' 6.3 10.7 6 .4 

14 21 21 19 118 . 7 
' 



APPENDIX 11 

Drilling 4 Results (Field experiment) 

Date of drilling 14.4 .1980 

! Particulars Cultivated Replicates Uncultivated 
I 

I 1 
! 

2 3 4 Mean 1 2 3 

Soil moisture at 29.0 126.0 ' 33.0 31. 0 29. 7 30 .0 30 . 0 31.0 

dr illing ( % db) I 8 1 15 .0, 14 .0 13 . 3 13.7 14 .0 9.0 8 .3 7 .3 

9 · 32.7 , 28.3 · 19.7 32.3 28.2 13 .0 16.7 14 .7 

10 48 .0 45.7 27 . 7 43. 3 41. 2 29.0 24.3 19.7 
' I 

11 58.7 52.0 31.3 51.7 48.4 34.3 27.3 24.0 
0) 

I C 
·.- I 58.7 , 35 . 3 60 .0 55 . 7 39.3 30.3 28 .0 3 12 1 68 .7 
0 I Vl I 

E I 13 75.7 61. 0 40. 7 65 .0i60.6 41. 3 32.3 31. 3 
0 
s.... 

! 14 I 4- 80.0 67.3 44.7 69.3 , 65.3 57 .3 42.0 41. 7 
>, 
ro 
\J 15 I 84. 7 73.3 48 . 3 73.7 70.0 72.7 51.7 51. 7 

' C 
0 

' N 16 ; 86. 3 74 . 7 49.3 73.3 , 70.9 79 .3 51. 7 51. 7 
E I ---.... 

' I 
Vl 17 : 85. 3 71. 0 46 . 7 73.3 169.1 95 .0 .60.7 53.3 +-' 
C I I 
::::, 

' 0 18 ' 85.0 72. 3 50 .0 73 . 3; 70.2103.3 !62.7 61. 7 u 
+-' I 

I I I I 

I 
C 19 ! 86. 0 73.3 51.0 60 .7 ro 73.3 170.9 196.7 66.3 
~ 

I 0. i I I I 
I a., 20 I 86 • 7 72.0 51 .3 73 . 3· 70 .8198 .7 67 .7 62.3 
I 

0. I I ro I I 
I 0::: 21 1 87. 0 70.7 51. 7 73.3

1
70.7100 .7l68.0 63.7 

I I 
I I I Days to maxi mum ! 16 118.2 · 18 

I 

21 21 15 121 21 plant counts I i 

Replicates i 

4 : Mean ; 

26 .ol 29 . 2 
' 

11 .3: 9 .0 
I 
I 

22 .3 116 .7 

23 . 3 24 .1 

26 . 7 28 .1 

30 .0 31.9 

33 . 3 34.6 

41. 7 45.7 

50.0 56 . 5 

50.0 58 . 2 

52 . 3 65 . 3 

53 .3 70 . 2 

56 . 7 70.1 

59 . 3 72 .0 

60 .0 73.1 

21 20 .2 



I 

! 

I 

I 

' 
I 

' 

' ' 
I 
I 

I 

APPENDIX 12 

Drilling 5 Results (Field experiment) 

Date of drilling 17.4.1980 

Particulars Cultivated Replicates 

1 2 3 4 !Mean 
' Soil moisture at 20 .0 124 .0 24 .0 20 .0122.0 
I ; I 

I 

dri ll ing ( ~~ db) 9 6.7 5.3 10 .7' 10.7 1 8.3 

10 10.7 25.0 , 28.0 41. 3j 26.2 

I 11 22 .0 41. 7 40. 0 55 .0 39 .7 
CJ) 

C 

53 .0 •,- 12 33.3 58.0 51. 7 69 .0 
3: I 0 
l/1 

E 
13 38.0 61.3 52.7 70.0 55 . 5 

0 
!.-- I 
4- 14 44 .0 64.7 ! 52.7 71.7 i 58 . 2 
>, 

I r1:l 
15 44.3 71. 7 59 .0 u 67.3 152.7 

C 
0 

16 46.0 69.0 . 52.7 72.3 60 . 0 N 
E 

' 
I - I 

l/1 17 48 .7 69.3 54.0 72.0 61.0 
+J 
C j I :::; 
0 18 50.7 69.0 53 .3 71.7 161.1 u 

73.3 162 . 2 
+J 
C 19 51.0 70.0 54.3 
<O 

I ~ 

•- ' 
20 51.3 11.0 : 55.o 74.7 63.0 

QJ 
0.. 
r1:l 

21 a::: 53.3 69.7 !55.7 74.0 63.2 

Days to maximum 120 21 21 20 i20.5 plant counts I ' I I 

I Uncu ltivated Replicates I 
1 2 3 4 Mean 

25 .0 24 .0 26 .0 24 .0 24 . 7 

37.3 14.0 33.3 23 .3 27 . 0 

55.0 33 . 3 55.7 56 .0 50 .0 

67.3 50.0 68 .7 69 .3 63.8 

80.0 66 .7 81.3 82.3 76 .0 

81.3 67.3 84.7 81. 7 78.7 

84.7 72 . 7 89 .3 87 .0 83 . 4 

86 .7 75.7 89 .3 88.0 84 .9 

88.7 77 .0 91. 7 88.3 86 .4 1 

88.0 78 .3 92.7 90.0 87 . 2 

88.7 79 .0 94.0 91. 0 88.2 
I 

88 .3 78 .3 94.3 91.7 88.2 1 

88.3 77. 7 94.7 92. 7 88 .3 1 

89.7 79.0 94.7 94.3 89 .4 I 
I 
I 
I 

21 18 20 21 20 I 

I 



I 

I 
I 

i 
i 

I 

APPENDIX 13 

Drilling 6 Results (Field exper imen t) 

Date of dri I ling 22 .4.1 980 

Particu lars 
I 
' Cultivated Replicates 

' 1 2 3 4 Mean 
I 

i Soi l moisture at I 15 .0 19.0 17. 0 16 .0 16.7 

drill ing ( ;,; db) 7 I 4 .7 0 0.3 0 .3 1.3 

8 14.3 0. 3 1.0 1. 7 4 .3 

9 31. 7 3.7 2. 0 11. 7 12 .2 
' 

' 
10 I 45.0 5. 7 I 5.7 18.3 , 18. 7 

I 

I 56. o 
I 

0) ' 11 8 .01 7.7 30.3 25 . 5 C .,.... i 
3 
0 12 60.3 9.3 10.7 34.7 28.7 Vl ' 
E 

I 64. 3 0 I 13 10 .3. 12.3 39 .0 31. 5 s._ 
~ I 

>, 14 66.7 I 40.0 33 .1 rO 11. 7, 14.0 
""O 

I 
C 15 68 . 3 13.0 15.3 , 40.7 , 34 . 3 0 

N 

14. 0' 16 .3142.7 136 .7 E 16 73. 7 ---
Vl 
+-' , I 
C 17 71. 3 13. 3! 17 .7 142 .7 , 36 .2 :::::; 
0 
u 
+-' 18 76 . 3 13.7 ' 18 .3 45 .7 38 .5 
C 
rO 
~ 19 78. 0 15.0 , 18 .7 48 .3 40 .0 0. 

QJ 
0. 20 78.7 14.0 , 19.3 47.3 , 39 . 8 rO 

0::: I I 

! 
21 79. 3 14.0 ' 20 .0 47.o : 40 . 1 

I 
i 

Days to maxim um 21 19 ; 21 I 19 1 20 plant counts 
I 

Uncultivated Replicates 
I 

i 1 2 3 4 I Mean 

I 23 .0, 25 .0 23 .0 22.0 23 . 2 

12 .3' 20 .0 9 .0 7.3 12.2 

28.3 35.3 14 . 7 24.7 25.7 

40.0 44.0 23 .3 33.3 35 . 2 

46 . 7 55 . 3 25.7 38 . 3 41. 5 

47.7 60.0 34.3 47.3 47 . 3 

49.0 65.3 37.7 47 .3 49 . 8 

50.3 70 . 7 40. 7 47 .3 52 .2 

50.7 74 . 7 45.3 44.0 53 . 7 

52.7 j 78 .3 50.0 44 .3 56.3 

53 .3 78.7 53 .3 44 .7 57 . 5 

51 . 7 80 .0 52 .3 44.3 57 .1 

54.0 82 .0 56 . 7 45.3 59.5 

54 .3 83.3 55 .0 45 .7 59.6 

54 . 3, 83 . 3 55.0 47 .3 60 . 0 

54. 3 83 . 7 55.3 49 . 3 60.7 

19 I 21 18 21 19.7 
\ 



APPENDIX 14 

Dril li ng 7 Results (F ield experiment) 

Date of dri lling 29 .4.1980 

Particulars Cultivated Replicates 
I 

1 2 3 4 Mean 

Soi l moisture at 35 .0 35 .0 33.0 35 .0 34 . 5 

I dri l ling ( % db) I 9 1. 7 4.0 1. 7 1. 7 2. 3 
I 

10 3 .3 8.7 4.7 4.0 5 . 2 
0) 11 10 . 3 16. O' 9 .0 10.3 11. 4 C 
·.- I 3: 
0 12 15.7 21.7 113.7 15.7 16 .7 V) 

E 
0 13 21. 3 28.7 19 .7 19.0 · 22 . 2 ~ 
4- I 

' >, 14 26 . 3 38 .7 . 24.7 22.3 28.0 rO 
u 
C I 15 31.0 40.7 , 28 .3 25.0 31. 2 0 

N 
i I 

I 
E I 

16 35 .7 43 .0 31 .7 27 . 3 34 . 4 
------V) I 
+-> 

38 .0144.3 . 33 .3 
C 17 28 . 3 36.0 :::i i 
0 I 
u 

+-> I 18 39 .o!4s.o :34 .3 29 . 3;36 . 9 
C 

39 . 314s.o l 34 .7 
rO I 
~ 

i 19 I 29 . 3 37 .1 0.. I 

I I QJ 

! Uncu lti va ted Replicates 
I 

1 I 2 3 4 Mean 
I 

35 .0 32 .0 35.0 36.0 34.5 

4.3 4.7 4.3 2.3 3.9 

6.0 8. 3 8 .3 6.0 7.1 

13.6 15.3 15.0 13.0 14. 2 

20.7 26 .3 24.0 20 .0 22 . 7 

27 .0 32 .0 31.0 24.0 28 . 5 

35 .7 43.0 38 .7 29 .3 36.7 

38 .3 46 .7 42 . 7 31.3 39 .7 
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APPENDIX 16 Large Bin Experiment: Results of in-groove seed status and days to 

maximum seedling emerge nce of rape. 

In-groove seed status (% seeds) on day from sowing 
I I 
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Mean 46 48 7 61 30 9 13 
' 

Fn 1 60 0 40 94 0 6 10 

2 71 29 0 89 0 11 I 18 
' I 

I I 
3 11 I 67 22 91 0 9 20 

Mean 47 32 21 91 0 I 9 16 I 
i I 

FN 1 75 0 25 100 0 I 0 10 
I 

I 

2 87 I 0 13 88 0 I 12 13 I 

7 
3 33 58 9 30 60 I 10 I 9 I 

I 
I Mean 65 19 16 73 20 i 7 I 14 
I I I 

Continued . . 



1 Treatments 

I 3: I -a ., 

I ~- 1· ;:;-' I ~ v, n r+ 
I r+ (D i -'• 

C 3 --' I ) (D I -'• 
(D I ~ I (/) 

r+ (D 
) 

I 

I Fp 
I 
I I I I 

I 
I 

I ' 
I 

Fp 

I I 

Mean 

< Fo (D 
) 

r+ 
-'· 
n 
s:u 

I _, 

I 

;a 
(D 
-0 
--' 
-'· 
n 
s:u 
r+ 
(D 

1 

2 

3 

Mean 

1 

2 

3 

Mean 

1 

2 

3 

Mean 

I 

I 

In-groove seed status (0 seeds) on day from sowing 

12 20 
I 

I 

Germinated Vi able 1 Dead 1 Germinated Viable Dead 

75 0 I 25 90 0 10 I 
I I 

94 0 
I 

6 100 0 0 I i 
0 100 I 0 I 16 83 0 I 

56 33 I 10 69 ' 28 3 I 
I 
I 

35 41 ! 24 100 0 0 
' I 

I 
95 ! 59 5 36 i ' 0 5 

•j 

I 
24 48 28 25 : 50 25 

I 

39 31 29 73 17 I 10 

I 
I I 

41 19 9 65 6 I 5 
I 

22 33 44 56 33 I 11 

79 14 I 7 80 7 13 

0 92 l 8 11 61 28 
I 

! I 

34 46 I 20 I 49 34 17 
I 

Continued .. 

I 

i 
I 

I 

' 

I 
I 

I 

Days to maximum 

seedling emergence 

frorn sowing 

12 

21 

19 

17 

21 

21 

21 

21 

16 

21 

21 

10 

17 



Treatments In- groove seed status (% seeds) on day from sowing ' 
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