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SUJ.'ITIIARY 

The respon::;e of a commercial maize cultivar ( PX610). to nitrogen 

fertiliser (urea) was studied . Four l evels of nitrocen viz. 84 , 168, 

336 2.nd 672 kc/ha were applied over three different growth stages as 

follows: (i) all at planting; (ii) tat planting, ~at 6 weeks 

growth ; (iii) -} at planting, 1 at 6 Hecks GI'OWth 1 ~ at so;: Silking. 

'l'he plants were crown at a population of 96,900/ha and water was 

continuously applied to the crop throur,h a trickle irrii:;ation system . 

A.L 

'l'otLt1. · and cor.iponcnt plant responses were determined on several 

occasions throuchout the experimental period to physioloGical maturity . 

Nitrocen l evels and distribution within the plant were also measured. 

The yields of grain (11,000-14,000 kg/ha) and total plant dry 

matter (24,000-29,000 kg/ha) recorded at physiological maturity were 

hi gh . However, no significant plant dry weight responses to different 

rates and times of nitrogen fertiliser application were detected. 

Nevertheless, critical analysis of these responses did show that the 

rate at which plants reached their 1.1axir.rnm dr,y matter production 

(upper asymptote) was c;reatest in the treatments receivi ng intermediate 

levels (168 and 336 kg/ha) of nitrogen fertiliser . 

Significant differences ivere recorded in terms of the nitrogen 

content of the plant in the res pons e to t he nitrogen applied . Uptake 

of nitrogen increased with nitrogen rate and the concentration of 

nitrogen in the grain and most other plant components, increased with 

higher rates of nitrogen fertiliser . During early growth there was a 

precocious accumulation of nitrogen in the leaves . Substantial losses 

of dry weight and nitrogen from non- grain components, ~specially the · 

stems, occurred over the period of rapid grain filling. These losses 

were. noticeable at an earlier stage in plants showing visual nitrogen 

deficiency symptoms (those receiving no nitrogen fertilis er and 84 kg 

N/ha). However, these plants appeared to make more efficient use of 

available nitrogen in grain production than plants receiving higher 

rates of nitrogen. 



1 

INTRODUCTION 

:Maize has been e-rown in New Zealand for over a century. The 

traditional grain growine district has been Gisborne, \·1here suitable 

environmental conditions prevail. Over recent years there has been 

a rapid expansion of maize production for grain, silage and greenfeed. 

For. example, in the 1970/71 season (1IZ!MF estimates), 12 ,000 hectares 

of maize was erown for erain while in 1962/63 only about 3,000 

hectares were grown; in the 1971/72 season 18,600 hectares were 

involved in erain production. Respective estimates fo.r the 1972/73 

and 1973/74 seasons were 16,300 and 17,BoO hectares. Furthermore 

maize growing has now extended far beyond Gisborne with the Haikato, 

Bay of Plenty and Hawkes ' Bay districts being re garded as ma jor grain 

producing areas of New Zealand. Further south in the Ifanawatu and 

Canterbury high yieldinc crops of maize are also beinG grown for 

si lace and greenfeed under s uitable environmental conditions. 

Along with the upsurce i n maize crowing in t:-iese districts there 

has been the need for mo re abI'onomic information ( Goodinb' , 19'f2) on 

the yield response, in terms of grain and total dry matter production ; 

on the appropriate rate of nitrocen application and on the t i ming of 

the application for max11.1um res ponse under the prevailing environmental 

conditions. With more maize being utilised in intens ive animal 

production enterprises (Jagusch and Hollard, 1974) the quality of the 

dry matter produced assumes greater importance. 

Research conducted by NZMAF scientists (e.g. Douglas et §1, 1972), 

indicates that for maize grown on soils recently out of hi gh producing 

pasture, no nitrogen fertiliser additions are required to produce 

grain yields in the region of 12,500 kg/ha (200 bushels/acre). 

Current farmer practice, however, is to apply high rates of nitroeen 

fertiliser whenever the crop is grown. 

This experiment, conducted in the Manawatu over the 1972/73 

summer, was carried out to provide further agronomic information on 

the question of using nitrogen fertiliser on maize and to examine the 

way in which nitrogen is partitioned by the plant during its growth 

and development. 



CHAPTER 0 NE 

R E V I E W 0 F L I T E R A T U R E 

This review emphasises aspects of growth and development of the 

maize plant in relation to the level of available nitrogen and its 

efficiency of utilisation in dry matter production. A detailed 

description of the maize root system and its growth and distribution 

is also included. The review also provides a summary of published 

information against which the present results may be discussed. 

2 
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1.1 INTRODUCTION 

Nitrogen is considered the most important of all essential elements 

in plant growth and reproduction (Viets, 1965; Allison, 1973). 

Nitrogen is a constituent of plant proteins, enzymes, amino acids, 

ribonucleic acids which constitute the genetic code, as well as many 

metabolic intermediates involved in synthesis and energy transfer (Viets, 

1965; Hera, 1971; Allison, 1973). Nitrogen is also an essential 

component of the chlorophyll molecule which is involved in the trapping 

of light for the production of sugars by photosynthesis (Donald et al, 

1963). Allison (1973) notes that nitrogen is also present in prominent 

amounts in the growing tips of plants and may be mobilised from one part 

of the plant to another as source-sink patterns change. Hera (1971) 

cites reports that indicate the important role the plant root system 

plays in nitrogen nutrition, not only in absorption and transport, but 

also in the synthesis of nitrogenous substances which are only partially 

used in root development, the remainder being translocated to the 

shoot. 

nesponses· of crops to nitrogen are highly variable due to the 

complex interplay of soil factors affecting its availability and the 

above-ground environmental conditions (Berger, 1962; Viets, 1965; 

Allison, 1973). Naize has a high requirement for nitrogen (Kurtz and 

Smith, 1966) and in all the examples cited by Berger (1962) the nitrogen 

requirements are substantially greater than the other major nutrients 

such as phosphorus and potassium. Nitrogen occupies a unique place in 

soil-plant nutrition and on a worldwide basis, in that more crops are 

deficient in nitrogen than in any other element (Viets, 1965). 

1.2 SOURCES OF NITROGEN FOR CROP PLANTS 

Plants grown in cultivated areas depend on three major sources of 

nitrogen (Allison, 1973): (1) soil nitrogen; (2) nitrogen fixed from 

the air by symbiotic and free-living microorganisms; (3) nitrogen from 

commercially produced fertilisers. 

Total nitrogen in the plough layer of different soils is usually 

in the range of 1100 kg/ha to 4500 kg/ha (Kurtz and Smith, 1966) but can 

be up to 7000 kg/ha for hiehly productive mineral soils (Donald !:,! al, 

1963). A substantial portion of this nitrogen (95% or more) may be in 

a stable form as soil organic matter, unavailable to plants (Date, 1973). 
i 

In some cases, when the organic matter content of the soil profile is 

considered the total nitrogen in the profile may reach 17000 kg/ha 

(Donald!:,!~' 1963). 

' 
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During the growin~ period of a crop, as the result of microbial 

miner alisation, 1-3% of the total soil nitrogen may become available 

for crop utilisation (Scarsbrook, 1965; Kurtz and Smith, 1966; 

Allison, 1973). Allison (1973) reports for a maize crop grown on a 

fertile loam, that it is likely to remove 1.5-3% of the nitrogen in the 

ploughed layer in a single season but on very sandy soils, with low 

organic matter contents, removal of up to 6fc of the total nitrogen may 

be poss~ble. Kurtz and Smith (1966) also consider that up to 5% of 

the total nitrogen may be mineralised under exceptional circumstances. 

Some soils when first cultivated may not require supplemental 

nitrogen, because of the high organic matter levels, in order to 

produce hi gh crop yields. With the increased intensity of cropping, 

and the use of high yielding cultivars resulting in a decline in 

organic matter levels, a greater proportion of cropped soils now 

require nitrogen fertiliser additions in order to achieve hi gh levels 

of production (Allison, 1973; Date, 1973). Soils brought into 

cultivation from high producing grass-legume pastures, where annual 

fixation of 168 to 336 kg/ha of nitrogen is not uncommon, as in 

Australia and New Zealand (Allison, 1973), may not require supple~entary 

fertiliser at least in t he first few years of cropping ( Douglas ~ ~' 

1972). In New Zealand, Melville and Sears (1953) reported levels of 

600-700 kg N/ ha/yr fixed i n a red and white clover-ryegrass pasture 

under good growing conditions. 

1.3 ASPEX::TS OF T·!AI ZE GROW·rH AND DRY MATTER ACC UMULATI ON 

This section includes a discussion of dry matter distribution in 

the maize plant over the various stages of growth and development to 

physiological maturity. 

1.3.1 Growth and Distribu t ion of Dry Matter in Plant Parts 

Sayre (1948) noted that maximum dry weight of leaves and stems 

occurred about 93 days after planting although maximum leaf area 

occurred earlier (at 71 days) during tasselling and silking. At 

silking approximately 50/'~ of the total plant dry weight had been 
I 

produced (Sayre, 1948; Hanway, 1962b). Millar (1943) reported that 

from 63-88 days after emergence, the stems accumulated dry matter at a 

faster rate than leaves; previous to this accumulation took place at 

a similar rate. Sayre (1948) reported that grain formation began 80 

days after planting; little loss in dry weight occurred in other 

tissues (except the husks) after day 80 and thus it was concluded that 

most of the dry matter produced in photosynthesis passed into the grain. 
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There is generalagreement that most of the grain dry matter in 

cereals is produced by photosynthesis after flowering , but no agree~ent 

on the amount contributed nor that mobilised from other plant parts 

during grain filling. The upper two-thirds of the leaves appear to 

be largely responsible with little dry matter coming from the stem or 

ear (Sayre , 1948; Hanway, 1962a; Allison and Watson, 1966). 

However, other workers (Kiesselbach, 1950; Hay et al , 1953; Duncan 

et~' 1965; Daynard ct !:1_, 1969; Genter~~' 1970; Adelana and 

Melbourn, 1972; F.d.rrreades , 1972) have found significant losses from 

stems during grain filling. These workers suggested that temporary 

accumulation in the maize stem immediately after silking was probably 

due to limited ear-capacity, with later depletion resulting from 

increased ear-capacity (with grain development) or possibly reduced 

photosynthesis . Some work suegests the ereater importance of stem 

reserves · if t .he leaf area is reduced or shaded durine grain filling 

(Hoyt and Bradfield, 1962; Duncan et !::17 1965; Allison and Watson, 

1966). Smaller dry weight loss es in other plant par ts have been 

reported, the husks being most often mentioned \Miller, 1943; Sayre, 

1948 i Hay et al , 1953; Allison ancl ~-latson , 1966; Daynard E..!!:1_, 1969). 

A decline in root growth has also been noted over grain filling 

\van E:tjnatten, 1963; i:.engel and Barber, 1974a) but not by Foth (1962). 

Population density has a variable effect on translocation of 

mobile sugars from maize stems to the grain . For example, Sayre 

(1948) obtained no reduction in stem dry weight with 28,000 plants/ha. 

whereas Kiesselbach (1950) obtained large reductions with 19,000 plants/ 

ha. 

1.3.2 Dry Matter Distribution in the Kature Maize Plant 

Ed.meades (1972) has summarised the highly variable reports in the 

literature concerning the proportions of the total dry matter above­

ground made up by the constituent parts. This summary, presented in 

Table 1.1, is based on maize plants in which fertilisation and grain 

growth has been successful. 
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Table 1.1 Percentage of total shoot dry matter in different plant 

parts at maturity (after Fdmeades, 1972). 

Plant Part 

Stem (+ ·leaf sheath) 

Leaves 

Husk + Shank 

Cob 

Grain 

Percentage 
(Medium maturity 
after Hanway, 1963) 

24 

13 
7 

9 
48 

100 

Range 
(Reported from the 

literature) 

18-29 
8-16 

5-9 
8-11 

38-58 

The proportion of the total plant dry weight contributed by the 

roots .has been assessed by some workers under field conditions. Foth 

(1962) observed at 8 days prior to tasselling, with an early maturing 

maize cultivar, that the roots comprised 32% of the total weight of the 

plant. At 100 days after planting, however, the proportion had 

dropped to 9% which is similar to the data reported by Kiesselbach 

(1948) and van Eijnatten (1963), for maize root dry weights at maturity. 

Weihing (1935) reported that roots formed a greater proportion of the 

total weight in late maturine (larger) maize cultivars than early 

maturing (smaller) cultivars. 

1.3.3 Photosynthesis and Dry :r.:atter Production 

The total dry matter production of the maize crop, which is 

distributed amongst the tops and roots, is equal to net photosynthesis 

(Moss and Musgrave, 1971). The relationship between photosynthesis 

and yield is not simple but it seems well established that enhanced 

photosynthesis leads to greater yields. This relationship would be 

more direct if all the dry matter produced by the plant (including roots) 

was harvested. In more physiological terms, Beevers (1969) reports 

that the growth of plants well supplied with water and nutrients, 

depends primarily on (1) the accomplishments of photosynthesis in the 

green portions of the maize plant and (2) the transport of synthesised 

organic compounds from the photosynthesising tissues to the metabolic 

sinks. Reproductive yield depends on the accumulation of photosynthate 

as osmotically inactive starch in the grain (Beevers, 1969). This is 

permanent storage of photosynthate, out throughout vegetative growth 

various tissues, for example, stems, may store photosynthate on a 

temporary basis. 
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The chief photosynthetic organs of the maize plant are the leaves; 

· green leaf sheath and husks may also contribute to dry matter 

production ( Watson, 1956). Allison and Watson (1966) noted that at 

flowering the leaf sheath provided 20% of ' the maize plant's photo­

synthetic area while the leaf laminae provided the rest. Mitchell 

(1970) reports that the maize leaf sheath contributes 6-10% of the total 

photosynthate of mature maize plants. Because of their small surface 

area .the maize ear makes little contribution to photosynthetic 

production (Allison and Watson, 1966). 

The size and efficiency of the photosynthetic system determines 

the final crop yield (:fatson, 1956). The size of this system can be 

determined by the sum of the areas of the leaf laminae per unit area of 

land, or the leaf area index (LAI) (Watson , 1956). This measure does 

not take account of other photosynthesising tissues such as the leaf 

sheath and husks and therefore is not a complete measure of the photo-

synthetic system. Photosynthetic efficiency can be measured by 

calculating the net assimilation rate (NAR ), or t he increase in dry 

matter per unit leaf area (Watson, 1956). 

Because NA.~ (or unit leaf rate, E) is influenced by the 

environmental li ght regime and temperature it is a highly variable 

measure; it also may vary within and between the same species under 

similar environmental conditions and is, therefore, less open to 

manipulation under field conditions for increasing crop yield. Leaf 

area, however, can be manipulated by cultural practices such as nitrogen 

fertiliser topdressing to increase leaf growth (Watson, 1956). 

The total leaf area of the maize plant continues to expand rapidly 

until just prior to flowering and then may peak one or two weeks later 

(Sayre, 1948; Kiesselbach, 1950; Adelana and Milbourn, 1972). The 

potential maize grain yield which is produced late in the season is 

determined by the leaf area which is produced early in the season 

(Hanway, 1962a). 

For efficient maize production it is necessary to maintain a large 

leaf area in an active, functional state for as long as possible. 

Leaf area duration (LAD) is the integral of LAI over a specified time 

period and accounts for the magnitude and longevity of leaf area, 

having the dimension of time (Watson, 1947). In maize grown at 

commercial plantings (40,000-80,000/ha) the LAI increases gradually with 

time and may be maintained at a relatively high value of 4-7 for up to 

8 weeks after flowering (Allison, 1964; 1969; Pendleton ~ ~' 1968). 
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As the bul k of the grain dry matter is pr oduced after flowering leaf 

lon~cvity may play an important part in the determination of yield . 

There arc few reports in the li terature on factors affecting l eaf 

loncevi ty in maize (F.dmeades , 1972) . Hanway (1962a) notes that less 

than the potential yield of grain will actually be produced i f (i) the 

NAR is decreased by any env ironmental factor such as a moisture 

deficiency later in the season (ii) t he leaf area is premat urely 

r educed e . g. by a nutrient defic i ency or hail damage to leaves . Yield 

incr eases could be expected with increasing leaf area , with no other 

f ac tors limiti ng , until the point where shading by the upper leaves 

r educes the light intensity to some of the lower leaves causi n g their 

NAR to decline to zero , and the leaves to senesce (Hanway , 1962a; 

Williams~ al , 1965a; Allison, 1969) . 

The growth rate of the maize crop depends on the leaf area exposed 

to photosynthetically active r adiation (400 nm to 700 nm wavel ength) 

(Monteith , 1969) . The percentage absorption of solar r adiation and 

crop growth r ate increases with LAI in the r egion 4- 8 in the vegetative 

growth stages of the crop (Williams et a l , 1965b; Allison , 1969) . 

In the grain forming period crop growth rate was maximised at a lower 

LAI . At higher leaf area indices crop growth rate declined with time 

due to a fall off in photosynthetic efficiency of the leaves (Allison, 

1969) . 

Plants such as maize , Sorghu.~ , Paspal um and sugarcane , which are 

of tropical or sub- tropical origin , were found in the late 1960 1s to 

possess an adjunct, to the normal Calvin or c
3 

pathway of photosynthesis 

occurring in temperate species such as wheat, barley and ryegrass . 

This pathway is commonly referred to as the Hatch and Slack or c
4 

pathway as dicarboxylic acids such as malate and aspartate (4-car bon 

compounds) are the initial products of photosynthesis . In the c
3 

plant 

two molecules .of the 3-carbon compound phosphoglyceri c acid are the 

initial products . Certain physiological and anat omical features of 

the c
4 

plant contr ibute to a gener ally higher dry matt er pr oduction t han 

that of c
3 

plants; t hese are br iefly summari sed i n the f ollowing 

par agraph. 

Under optimal conditions of l ight and tempera ture the c
4 

plant can 

a tta in r a t es of phot osynthesis in the region of 60-100 mg car b on 

dioxide (co
2

) ass imilated . drn-
2. hr- 1 ,compared to rates of 10-35 mg co

2 , 
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-2 -1 assimilated .dm .hr for the c
3 

plant (Downton, 1971). The c
3 

plant 

has a temperature optima for photosynthesis of 15-25C whereas the c
4 

plant functions best at 30-35C (Phillips and McWilliam, 1971). C 
4 

plants continue to increase their photosynthetic rates up to li ght 

intensities exceeding that of full sunli ght (Bjorkman , 1971); c
3 

plants 

generally light-saturate and show no further increases in their photo­

synthetic rates at greater than 20-3o% of full summer sunlight (Downton, 

1971; Gifford, 1971). The c4 plant possesses a specialised leaf 

anatomy ("Kranz"-type) and this along with the presence of a highly 

efficient carboxylating enzyme (phosphoenolpyruvate carboxylase), whose 

activity is 50-100 times that of ribulose-diphosphate carboxylase found 

in c
3 

plants (Hatch and Slack, 1970), allows it to photosynthesise 

effectively down to low ambient levels of co2 concentration (5 ppm 

compared to 50 ppm for c
3 

plants), and also to retain most of the fixed 

co2 • Photorespiration in the c
3 

plant may result in the loss of up to 

40'/o of the fixed co2 (Downton , 1971). 

1. 3 .4 Shoot-:::toot Re la ti ons in l!ai ze 

The shoot and the root systems requi re a supply of water, 

nutrients and carbohydrates for growth processes. Wate r and nutrients 

absorbed from the soil by the root system are transported to the shoot 

while carbohydrates manufactured in the green tissues of the shoot are 

transported to the roots. Carbohydrate supply is likely to limit 

root growth more than shoot growth and therefore any phenome~on that 

increases carbohydrate assimilation or decreases its use by the shoot 

may increase root growth, with a subsequent decline in the ratio of 

shoot dry weight to root dry weight or the shoot/root ratio. 

Similarly mineral and water supply may limit shoot growth more often 

than root growth resulting in an increase in shoot/root ratio (Brouwer, 

1962). Thus when other limiting factors are eliminated shoot growth 

continues at a rate that depends on the minerals and moisture aupplied 

by the roots, and conversely, root growth continues at a rate depending 

on the carbohydrate supplied by the shoot (Brouwer, 1962). 

With growth and development of the maize plant the shoot/root 

ratio changes with the shoot growing at a faster rate than the roots 

(Brouwer, 1962; 1966; Foth, 1962). Foth (1962) reported that between 

23 and 54 days after planting, both the roots and shoots grow rapidly 

with the shoot/root ratio increasing from 2 to 5.1. Over the next 13 

days shoot weight .doubled while root weight increased only slightly 

with brace root development; the shoot/root ratio, therefore, increased 
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markedly to 9.3. With rapid brace root development over the next 

13 days (post-pollination to early milk stage), and the slowing of top 

growth, the shoot/root ratio showed a decline from 9.3 to 7.7. The 

ratio increased again after eo days from planting due to little 

further root growth but a 50% increas e in shoot weight during grain 

fillin g; by the lOOth day (physiological maturity) the shoot/root 

ratio had reached 10.7. 

The s hoot/root ratio is also affected by various environmental 

factors such as water supply, temperature, light intensity and nitrogen 

supply (Brouwer, 1966). For example, maize plants in early stages of 

growth grow separate from one another and with all their leaves 

exposed to light. As leaves begin to overlap and mutual shading 

occurs then the shoot, being nearer the source of carbohydrate supply, 

has an advantage and root growth is retarded. Thus, in the maize 

crop exhibiting "complete" cover the shoot/root ratio is higher than 

when this is not the case, under similar mineral supply and 

temperature regimes (Brouwer, 1966). Brouwer (1966) points out, 

however, that the above explanatory approach, although giving a 

satisfactory interpretation, simplifies the actual situation due 

primarily to the fact t hat shoots and roots undergo mor phological and 

anatomical changes as well as weight changes under the influence of 

various environmental factors. 

Increasing N supply to 

ratio (Brouwer, 1962; 1966; 
Troughton (1957) reviewed the 

maize plants increases the s hoot/root 

Viets , 1965; Peters and Runkles, 1967). 
effects of N supply on the roots of 

grasses and concluded that those plants grown under conditions where N 

availability was a limiting growth factor, would have a well developed 

root system but a poorly developed shoot system; plants grown with 

excess available N would have the opposite relative development. 

Shoot growth exceeds root growth when N is supplied to plants 

previously grown under conditions of less than optimal supply. 

1.3.5 Black Layer and Physiological .Maturity in Maize 

Physiological maturity is defined as the time of maximum grain 

dry weight (Aldrich, 1943; Shaw and Loomis, 1950). It is of 

interest to be able to define precisely the time of matu'.rity as it 

permits an accurate measure of the grain filling period (pollination 

to physiological maturity) (Eastin~~' 1973). Grain yields are 

essentially a function of both the length of the grain filling period 

and the synthetic efficiency of the plant during that period; this 

information could be used in a breeding program with the aim of 



lengthening the grain filling period (Daynard and Duncan, 1969 ; 

Dayna~d ~.t al1 1971; Eastin et al, 1973) . 

11 

Up until recently physiological maturity was determined on a grain 

moisture content basis which involved continued and tedious sampling 

and weighing. Plants were considered physiologically mature when the 

grain moisture content r eached J0- 35% (Carter and Poneleit , 1973). 

However , this is a gener ally unsatisfactory criterion as various 

workero have shown that the moisture content of the grain at maturity 

varies widely in maize plants (Dessureaux et al , 1948; Shaw and Thom, 

195lb ; Daynard and Duncan, 1969 ; Rench and Shaw, 1971; Carter and 

Ponelei t, 197 3). 

The growth of maize is closely correlated with temperature and 

crop maturity is, therefore , more closely related to heat units than 

to calendar days as in the r elative maturity r ating. Gilmore and 

~agers (1958) and Cross and Zuber (1972) have examined the methods of 

calculating heat units and the former expressed the measure in terms 

of effective degree days to maturity . 

The early reports of Johann (1935) and Kiesselbach and Walker 

(1952) described the development of a black layer which is composed 

of several l ayers of cells between the basal endosperm of t he maize 

kernel and the vascular area of t he pedicel , appearing early in seed 

development . Wi th shrinkage as physiological maturity approaches , 

these l ayers of cells become compressed into a dense layer ~hich appears 

black to the na.~ed eye . The stimuli and mechanisms involved in its 

formation a r e unknown (Da.ynard and Duncan , 1969) . Recent work has 

shown that the beginning of the development of the b l ack layer at 

physiological maturity coincides with maximum grain dry matter 

accumulation (DaJ"nard and Duncan, 1969 ; Rench an4 Shaw, 1971) . 

Eastin ~ ~ (1973) fed 14co2 to the flag- leaf of Sorghum sp. and 

showed that the visibility of the dark layer coincided with the cutoff 

of assimilate to individual grains . Dry weight losses have been 

noted in maize kernels after black layer formation i ndicating that 

maximum dry weight is attained at or near the time of black layer 

development (Rench and Shaw, 1971; Carter and Poneliet, 1973) . 

The black layer in the maize kernel develops rapidly over a 

three day period (Da,ynard and Duncan, 1969) and its development in the 

kernels of a particular ear is variable . In the central portion 

blapk layer formation occurs at about the same time for individual 

kernels; it is delayed somewhat in the larger base kernels with the 
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apical kernels developing earliest (Daynard and Duncan, 1969). F.a.ch 

ear was assumed to have reached maturity >·rhen half the kernels in the 

central portion showed black layer development (Daynard, 1972). 

The majority of workers agree that black layer development is a 

good, easily defined indicator of physiological maturity in maize and 

could be used as an end-point for purposes of comparing and classifying 

the relative length of the growing season from planting to maturity, 

and .for determining the length of the grain fillin g period. Black 

l ayer formation has been observed in a number of hybrids with wide 

ranging maturities and endosperm types (Daynard and Duncan, 1969). 

Under cooler conditions, however, Daynard (1972) found greater intra­

cob variability in black layer development as well as moisture content 

of the kernels, than did Daynard and Duncan (1969). Daynard (1972), 

during two growing seasons after a week of cool weather with maximum 

daily temperatures of 13C or less, observed premature black layer 

development before the kernels had completely filled and when they had 

an average moisture content in the region of 40'f,,. This phenomenon 

could lead to an underestimation of the length of time required for 

late maturing hybrids to reach a grain moisture content of 30-35% when 

mechanical harvesting would be possible. 

1.4 THE T·1AIZE ROOT SYSTEJ.r. 

This section includes a general description of the maize root 

system, its growth and development in the soil profile in relation to 

soil moisture and soil fertility and the effect of other environmental 

factors on root patterns and distribution. A brief discussion of the 

forms of nitrogen absorbed by maize roots is included. Theories 

relating to the physiology of nitrogen uptake by maize roots will not 

be reviewed; these aspects have been generally covered elsewhere 

(Laties, 1969; Barber, 1972; Pitman, 1972) . 

Maize has a coarse, fibrous root system (Weaver, 1926; Berger, 

1962; Cunard, 1967). Root systems of graminaceous species consist 

of two components; the original seminal roots and the adventitious or 

nodal roots (Brouwer, 1966; Aldrich and Leng, 1965). Seminal roots 

develop from primordia present in the embryo (Brouwer, 1966) and appear 

soon after the coleoptile has penetrated the seed coat (Danielson, 

1967). There are usually three in number in maize (Weaver, 1926), 

but some variability among cultivars exists (Brouwer, 1966). Seminal 

roots anchor the developing seedling and play a role in water and 

nutrient uptake. After the seedling stage these functions are taken 

over by the pennanent or nodal root system (Aldrich and Leng, 1965). 
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Nodal roots arise adventitiously from the lower nodes of the main axis 

and the tillers (Brouwer, 1966). These roots form whorls, the first 

of which occurs at a depth of 2-3 cm in the soil regardless of the 

de pth of planting. The internodes are very short and the entire 

group of whorls constitutes the root crown (Weaver, 1926). Further 

adventitious roots originate from the lower above-ground nodes of the 

stalk and are commonly referred to as "brace" roots (Danielson, 1967). 

1.4.1 The Growth and Distribution of Maize Roots 

Root growth in maize consists of a series of overlapping stages 

which can be associated with stages of top growth (Nelson, 1956; Foth, 

1962). Root growth depends on the supply of metabolisable substrate 

received from the shoot (Section 1.3.4) as well as factors in the 

soil which govern the availabilities of water, nutrients and oxygen; 

on soil temperature and mechanical properties of the soil which ma,y 

restrict root elongation (Eavis and Payne, 1969). 

During vegetative growth the root system develops rapidly 

(Mengel and Barber, 1974a). The seminal roots lose their importance 

as the adventitious roots of the perma.~ent root system develop from the 

crown (Aldrich and Leng , 1965). Linscott et al (1962) observed that 

the most rapid elongation (about 5 cm per day over 8 samples) for maize 

roots occurred in the period 10-30 days after planting and was largely 

confined to the upper 30 cm of soil (Foth, 1962). Earlier work 

reported by Weaver (1926) and Millar (1930) supports this finding. 

However, Nelson (1956) concluded from a review of the literature, that 

most of the roots at t his early growth stage occurred in the 8-15 cm 

region from the soil surface, running almost parallel to the surface 

for distances up to 60 cm. Mengel and Barber (1974a) found 66% of the 

roots to be in the 0-15 cm surface h'ori zon, 34 deys after plan ting. 

Throughout their length the roots were profusely branched (Weaver, 

1926), the branches reaching 3-10 cm in length. 

By the 8th week (12 leaf stage) Weaver (1926) found that the 

roots had extended laterally up to 120 cm from the base of the sialk 

where most turned downward in an abrupt manner, penetrating vertically 

to a depth of 60-120 cm. However, Linscott~~ (1962) reported 

lateral extension to be generally limited to 50 cm between rows and 20 

cm within the rows with little encroachment from one maize plant root 
I 

zone to another. In both cases the crop was grown at similar spacings 

with a similar method of root examination being employed, but soils of 

different texture were used (see Section l.4.2d). At this . growth stage 
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a ocparatc group of youneer roots had developed and penetrated to a 

depth of · l20-150 cm in the region below the plant, not explored by the 

main lateral root system ( Weaver , 1926). Foth (1962) noted a build 

up in root density at a depth of 30- 40 cm at this growth sLage, that 

is, as the plants neared tasselling, while Linscott et ~ (1962) 

observed that 60-70'/o of the roots by weight were found in the upper 

30 cm of soil . Meneel and Barber (1974a) found the greatest density 

of maize roots in the 0-15 cm layer of soil at about tasselling and 

that maximum root density f rom 15 cm to 75 cm depth in the profile 

occurred over the following 14 days when the plants were changing from 

vegetative to reproductive growth. However, Foth (1962) reported that 

root growth over this two week period was confined to that below 40 cm 

in the soil profile following the completion of growth in the upper 

30-40 cm, with the exception of brace root development. 

At the 47th day after planting brace roots were about 3 cm in 

length; by the 54th day 10-13 cm in length and unbranched, but by the 

67th day' after planting (18 days after beginning of tasselling) they 

were profusely branched (Foth, 1962) . The completion of lateral root 

growth, 67 days after planting, coincided with the rapid develop~ent of 

brace roots. Over the period from the 67th to 80th day (during ear 

development) Weaver (1926) and Foth (1962) reported no increase in root 

growth at a depth of 40- 90 cm in the profile while r:engel and Barber 

(1974a ) noted. a decline in root growth over successive 15 cm depth 

intervals from the surface to 75 cm depth in the profile . Brace root 

development, however, continued over this period and increased root 

weight by 50% (Foth, 1962). 

From day 80 to day 100 (maturity) after planting, Foth (1962) 

observed no significant change in root weight or distribution when 75% 

of the roots occurred in the top 23 cm of soil within a lateral spread 

of 25 cm from the plant . Rows were spaced 102 cm apart and plants 

within rows 41 cm apart. With narrow spacings, Bloodsworth~ al 

(1958) found 9Cf?~ of the total dry weight of roots of mature sweet corn 

in the top 23 cm of soil. With mai.ze grown in rows spaced 71 cm apart 

and plants within rows 24 cm apart Mengel and Barber (1974a) observed 

a continued decline in root density over the 5 sampling depths as the 

plants matured. The maximum depth of rooting at plant maturity can 

vary considerably accordine to soil type, namely from 180 cm in a loamy 

sand (as reported by Linscott et al, 1962) to 240 cm in loess (as 

reported by Weaver, 1926). Linscott~ al (1962) observed only 5-8% 
of maize ~oots below 91 cm in nitrogen fertilised or non-fertiiised 
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plants at maturity. Heihing (1935) grouped maize cultivars grown in 

various parts of U.S.A. into omall, medium and large (late maturing) 

ve ge tative types. He noted that the deepest penetratirte roots at 

maturity were usually observed in the larger cultivars, with maximum 

root depths of 170, 185 and 188 cm being reported for small, medium and 

large types respectively. 

Barley (1970) questions the reliability of "root wei ght" data as 

used i n the above studies because of the presence of contami nants such 

as foreign organic matter and mineral soil. The larger and thicker 

roots also contribute more to the total wei ght of roots but are less 

important in terms of function (nutrient and water uptake), than the 

more delicate and lighter branchlets (Weaver, 1926; Barley, 1970). 

Since many fine rootlets are lost during sampling similar objections 

apply when assessing root length (Heaver, 1926). 

1.4.2 The Effect of Environment on Maize Root Growth. 

The genetically controlled characteristics of a plant root system 

will develop only when the environment is in proper balance (Danielson, 

1967). The suitability of a soil as an environment for root growth 

and function depends on the availability of materials such as water, 

nutrients and oxygen, on temperature and the degree of mec hanical 

impedence to root extens ion (Ea.vis and Payne, 1969 ). The following 

factors will be discussed in relation to the growth and development of 

roots in soils: soil water, drainage and aeration; soil fertility 

and fertiliser placement; soil temperature; soil structure compaction 

and mechanical impedence . A discussion of maize root patterns and 

the effeat of· population density will also be included. 

(a) Soil water, drainage and aeration:- Peters and Runkles (1967) 

list three general ways in which soil water influences root systems, 

(1) direction of growth; it is well recognised that roots will "follow" 

water in the soil when close to or in direct contact with it. Cunard 

(1967) also reports this fact. (2) lateral extent and depth of 

penetration; . Weaver (1925) grew maize plants, with similar hereditary 

characteristics, for 5 weeks in a rich, loess soil with different 

available water contents, one of 19% and the other of 9%. Under the 

former conditions total root area was 1.2 times greater than the 

transpiring surfaces of stems and leaves, whereas under the latter 

conditions the root area was 2.1 times greater than that of the top. 

Weaver (1926) reports for soils of similar physical and chemical 

composition (fine sandy loams), where maize was grown under irrigated 
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and non-irrigated conditions, that for the well watered plots the 

roots were concentrated in the upper 30 cm of soil with a maximum 

penetration of 70 cm. Under dry land conditions, however, the roots 

had a lateral spread of 36 cm greater than irrigated maize with a 

maximum depth of penetration of 117 cm and they were more branched. 

At maturity, the roots of the maize plants grown under dry land 

conditi ons had shown little further development, due to the inability 

of water stressed shoots to supply materials for growth, while thone 

under irrigation had penetrated to 180 cm. (3) relative wei ght of 

tops and roots; Danielson (1967) notes from reports in the early 

literature that relative to the weight of the tops, the greatest weight 

of roots is produced in soils with the smallest amount of water. 

Recent studies, however, in which only the root systems have been 

studied, have shown that increased soil suction due to drying reduces 

the rate of growth of roots (Brouwer, 1966; Danielson, 1967; Kramer, 

1969). Decreased water content also impedes root penetration by 

increasing soil strength, thus reducing the extent of the root system 

and restricting the volume of the soil explored (Grable, 1966) . 
Increased water stress reduces overall plant gro;..:th, but root growth 

is less influenced than shoot growth (Peters and Runkles, 1967). 

Adequate distribution of ox;n;en in soils is necessary to ensure 

plant roots can satisfy their respiratory requirements ('rrouse, 1971). 
Water and oxygen enter soils via the large pores (Trouse, 1971) and 

connect with smaller diameter pores within the aggregates themselves . 

The extent of anaerobic zones in soils is greatly influenced by the 

distribution of water in soils as oxygen di ffuses 10,000 times faster 

in the gas phase than in the liquid phase (Greenwood, 1969). Water­

logging due to poor drainaGC or the presence of an impervious or 

compacted layer in the soil profile, may lead to the deve l opment of 

anaerobic conditions which could severely damage root systems of 

plants (Letey ~ ~' 1962). 

When a crop is irrigated the depth, lateral spread and 

configuration of the root system is unimportant provided its capacity 

for nutrient and water uptake is realised and sufficient anchorage is . 

provided for the plant. The activity of a shallow root system may be 

adequate for high yield under proper environmental conditions (Danielson, 

1967). Under field conditions, however, the topsoil is rarely 

maintained in a condition for optimum production so a plant may need 
' 

an extensive root system to meet nutrient and transpirational demands, 

when surface layers become depleted (Danielson, 1967). Frequent light 

irrigations may promote shallow rooting especially in the vegetative 
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growth staees (Heaver 1 1926; Danielson 1 1967) which could result in 

desiccation of these roots if dry periods subsequently occurred or 

irrigation could not meet the demands of the plant. An ,extensive root 

system that exploits the subsoil allows maximum utilisation of soil and 

water resources and is a necessary insurance against drought period 

(Hanway , i966; D<l!lielson, 1967). 

(b) Soil fertility and fertiliser placement:- Most workers 

have noted a proliferation of roots on entry into a localised zone of 

high fertility (Weaver, 1926; Nelson , 1956; Duncan and Ohloroege, 

1958; Viets, 1965; Nelson and Hansen, 1968). Some conflicting 

results concerning the response of roots to individual nutrients, 

particularly nitrogen, have been reported in the literature. Linscott 

~al (1962) found that weight and penetration of maize roots in nitrogen 

fertilised plots was substantially ereater than in non-fertilised plots 

for the period 40-65 da,ys after planting. The differences disappeared, 

however, as maturity approached. On the other hand, Younts and York 

(1956) found that root activity as determined by measuring uptake of 

labelled calcium (45ca), and water from a 61-66 cm region of the soil 

profile was depressed by nitrogen fertiliser additions, throughout the 

season. Danielson (1967) considers the conflicting results ma,y be due 

to greater variation in the nitrogen supplying potential of soils 

throue;hout the growing season; Viets (1965) implicates competiti on of 

the root and shoot for carbohydrate and nitrogen. Under conditions 

of adequate nitrogen sufficient of these materials are available for 

maximum root growth; when the whole plant is nitrogen deficient, 

nitrogen applied to an individual root may cause rapid growth because 

of a sufficiency of carbohydrate. 

The effect of phosphorus on root growth has received less attention 

than nitrogen (Danielson, 1967) with conflicting results again being 

reported. Duncan and Ohlrogge (1958) reported a rapid deveiopment of 

fine roots due to the greater length of continually branching roots in 

association with combinations of nitrqgen and phosphorus in fertiliser 

bands. Phosphorus or nitrogen alone produce little or no response. 

According to Weaver (1926), phosphorus ma,y promote growth in length and 

number of branches in root systems. Danielson (1967) reports that 

there is little evidence to suggest that potassium is involved in root 

growth and development and the importance of micronutrients has yet to 

be ascertained. 

(c) Soil Temperature:- Because soil temperature influences many 
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plant physiologica l functions i t exerts an effect on the development 

and activity of plant rooto (Danielson, 1967; Trouse, 1971) . 1.:any 

species have a lower temperat ure optima for root growth than shoot 

growth (Danielson, 1967) . The roots of small grains have a 

temper ature optima for growth about 20C, whe r eas maize roots grow 

best about 25C (Haean in Richar ds et !l, 1952) . Trouse (1971) 
reports that warm zone plants such as maize show "normal" root 

proliferation and "normal" root activities at soil temperatures of 

24-32C. Root elongati on is severely reduced at 18c . 

Soil temperature is r etJUl ated by the physical condition of the 

soi l via the t ransmission of heat into, within and out of the soil 

(Trouse, 1971) . 

(d) Soil struc ture , texture compaction and mechanical i mpedence:­

Russel (1949) considers that the best approach to evaluate the effect 

of soil structure on plant g;:-owth is to describe water , aeration and 

temperature effects as well as compaction conditions that greatly 

influe!'lce roo t activity and plant growth, ratner t han an elaboration 

of the physical architecture (structure) of the soil . This appr oach 

will be followed here . ~·later , aeration and terqerature effects have 

been described i n pr evious sections ; compactio!'l and ~echanical 

i mpcdence effects are de::;cribed belOi• . 

Soil compaction results in an increase in bulk dens i ty of the 

soil due to a cnange in pore size distribution from larger to smaller 

pores (Harris , 1971) . Danielson (1967) found compaction , resulting 

from excess cultivation and passaee of machinery on a clay loam soil, 

greatly inhibited root development and yield of maize especially during 

early growth stages . As noted in part (a) compaction mas- result in 

i mpeded root growth because of an inadequate distribution of water and 

oxygen. Thus root development may be slowed or ::;topped on encountering 

a compacted layer, and the volume of soil explored may be res t ricted 

(Parish, 1971). This f act has especial i mportance under low ferti li t y 

and dry conditions when root systems, in order to meet the demands 

for water and nutrients, are often widely spread and sparse (Russel , 

1961) . Barley et !:.!, (1965) considers that soil strength (resistance 

to penetration) is a phenomenon not limited to compacted soils , but is 

a common property of soils influencing root elongation. 

Waaners and F.avis (1972) grew pea, maize and gras·s seedlings in 

coarse and fine sands at varying moisture contents. Bulk densities 

ranged from 1.34-1.46 g.cm-3• In coarse sands distorted roots were 
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produced after 48 hours t;rowth , mainly due to mechanical impedence to 

root entry. With less than 2r:f/o air porosity, additional reductions 

in root crowth were due to lack of oxygen . In the fine cands root 

development ·was normal but elongation rates were reduced , especially 

in pea seedlings , due to mechanical impedence effects . r.:ffects due 

to poor aeration were noted in fine sands with less than 25~ air 

porosity. 

According to Do.nielnon (1967), soil texture h>s ita ereatest 

effect on root development in relation to water and nutrient 

availability ; abrupt cha.nGes in particle size distribution in 

different horizons in a soil profile alters water movement in a free 

draining soil , s o that sand layers tend to be drier than cla,y layers ; 

this alone with possible variations in soil fertility influence root 

responses . 

(e) Plant density anci. root patterns:- Weihing (1935) studied 

the gross morphology of the root systems of small , medium and large 

ve&etative types of maize , under field conditionc . The pla.."'lts were 

grmm in a silt loar.1 soil . He showed that in the absence of root 

co~petition the pattern of seco:-idary (adventitious) root development 

and distribution was dependent on the cultivar a.s well as hybrid 

vigour . 

Data from Heihing (1935) also shows that roots exte:-iding 

laterally to about 91 cm fro;n the maize plant (at maturity) arise from 

nodes 1 and 2 in small varieties, nodes 1 , 2 and 3 in medium varieties 

and nodes 1- 5 in large varieties . Roots extending laterally to about 

30 cm distance arise from nodes 4- 8 in small varieties , 5- 9 in medium 

varieties and 6-10 in large varieties . Cunard (1967) m~es the 

following observations from Weihing •s data : (i) most of the maize roots 

are located in a cylinder of soil around the pl~~t, 61 cm in diameter , 

extending downward to a de pth of about 150 cm for the three different 

types . (ii) in large cultivars the roots are equally distributed in 

the central cylinder (described above) as well as in an outer 

cylindrical section of radjus 91 cm and 15- 23 cm thick (that is, between 

the first and fifth developed nodes) . (iii) the root distribution of 

medium sized cultivars is well balanced over the whole cylindrica l 

section of 91 cm radius. 

As r eported in Section 1.4.1, Linscott ~ ~ (1962) observed an 

entirely different pattern of r oot development when plants wer e grown 

at 102 x 61 cm (within r ow) spacings , as used for commercial grain 
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production at this time in U.S.A. Haynes and Sayre (1956) grew maize 

at different within-row spacings; each treat:nent plot was represented 

by a single row of plants with spacings of 260 cm between plots to 

avoid interplot effects. Within-row spacings of less than 20 cm 

resulted in the normal root pattern of individual plants as expressed 

by the perimeter of the farthest extension, changing from circular to 

oblong as a consequence of severe i nterplant competition. Under these 

conditions the individual plants produced roots w'.'lich extended a 

greater distance from the parent plant as compared with plants not 

suffering competition from neighbours. 

Nordon (1964) noted the effect of population density on the weight 

and total yield of root clumps which were obtained by loosening soil 

around the plant, and r emovine the soil by hand washing. He reported 

a more pronounced effect on the dry weight of roots than on the volume 

of soil occupied by root clumps. Dry weights of individual plant 

roots decreased \·1i th an increase in population density from 12 ,400 to 

61,750 plants/ha althoueh the total yield of dry roots increased up to 

a population density of 49,400 plants/ha and then declined by 9% at 

61,750 plants/ha. Cunard (1967) indicates the need for further 

s tudies in relati on t o the effect of interplar.t competiti on on root 

distribution patterns in corn~ercial stands in deterrninine the optimum 

position for fertiliser placement . 

1.4.3 Forms of Nitro gen Absorbed b,y J.:aize Roots 

Plant roots can utilise directly ammonium, nitrate and nitrite 

ions as well as organic compounds such as urea, amino acids and amides 

(Viets, 1965; Allison, 1973). In soils that are well aerated and are 

at temperatures suited for plant growth, nitrification of these forms 

culminates in the formation of nitrate which is the predominant form 

of nitrogen available for absorption by plant roots (Viets, 1965). 
Thus, because of the nitrification process, plant response to additions 

of various forms of nitrogen is commonly similar (Allison, 1973). 

Kurtz and Smith (1966) consider that greater than 90% of the 

nitrogen required by maize plants is absorbed in the nitrate form. 

This statement is exemplified by the relatively high concentrations of 

nitrate found in various part~ of the maize plant at different growth 

stages, and rapid tissue tests have been devised to test for the nitrate 

ion as a rough quantitative indicator of the plants nutritional status 

and need (Viets, 1965). Maize roots are capable, however, of 

absorbing significant amounts of arrunonium nitrogen under certain 
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conditions (Nelson, 1956) with no significant effect on maize nutrition 

(Kurtz and Smith, 1966). 

1.5 ASP~TS OF MAIZE GROHTH AND NITROGEN ACCU:1ULATION 

This section traces the accumulation of N with the growth of 

various plant parts and ito redistribution during reproductive develop­

ment and accumulation in the grain. 

1.5.1 Maize Growth and Nitrogen Untake 

The t;rowth cycle of maize can be divided into the following 

stages on the basis of phenological events: planting to emergence; 

emereence to tasselling and silking (vegetative growth period); 

fertilisation, ear development and grain filling; maturation of the 

grain (Berger, 1962). Shaw and Thom (195la) report that the interval 

from emergence to tasselling is the most variable in length between 

seasons. Warm, moist conditions allow rapid growth and a shortening 

of t he interval, while cooler temperatures increase its length. The 

nitrocen requirements of the maize plant varies over these periods. 

From planting to emergence the developinG maize seedling is 

dependent on the mobilisation of seed-store~ nitrogen f or its early 

growth processes (Berger , 1962; Aldrich and Leng, 1965). fa trogen 

in the maize seed is primarily stored in the form of protein 

concentrated mainly in the aleurone layer surrounding the endosperm 

(Helling-ton, 1966). The nitrogen content of the seed changes very 

little during ger minati on as soluble nitrogen mobil ised from the 

reserves is resynthesised into the protein of the developing seedling 

(Mayer and Poljakoff-Ifayber, 1963). After 15-18 days growth (Aldrich 

and Leng, 1965) the new seedling is normally well established with 5-6 

leaves unfolded and a fully developed and functional seminal root 

system. NitroGen requirements at this stage are minimal (Berger, 

1962; Aldrich and Leng, 1965). The permanent nodal root system soon 

begins to develop and takes over t he function of the seminal roots in 

anchoring the plant and supplying the developing shod; with water and 

nutrients, which in turn supplies the root system with materials 

required for its growth (Section 1.3.4). 

Workers are in general agreement that nitrogen uptake, under 

conditions of sufficiency continues from emergence to maturity in maize, 

but at varying rates (Whitehead~ !!1, 1948; Jordan~ !:l,, 1950; 

Nelson, 1956; Berger, 1962; Hanway, 1962b; Barber and Olsen, 1968). 

Hanway (1962b) suggested its importance in maintaining the f'unctional 



22 

leaf area in the face of excessive translocation losses that may occur 

with plant development; leaf death due to nitrogen deficiency can 

occur at any grm·1th stage . 

Nitrogen uptake is most rapid from about 10 days prior to 

tasselling and silking until 25-30 days after the event (Sayre, 1948; 

Hay et al, 1953; Nelson, 1956; Hanway , 1962b; ].'.engel and Barber , 

1974b). Sayre (1955) reported a maximum rate of accumuhtion of 

4.5 kg N/ha/da-;,' over tasoellinG and silking, cor.1parcd wi Lh a rate of 

3 kg N/ha either side of this period . This period coincided with 

the most rapid vegetative growth of the maize plants. By silking 

approximately 48% of the total season's uptake of N had occurred (Hay 

!:.!. al, 1953; Hanway, 1962b; Walker and Peck, 1972a), whe~ about 45% 

of the total dry matter had accumulated (Hanway, 1962b). In fact the 

curve for nitrogen accumulation with time in the whole plant, 

parallels or slightly precedes that for dry matter accumulation until 

sometime after silking and tasselling (Sayre, 1948; Hanway, 1962b; 

Donald et al, 1963; Viets, 1965). 

It is generally accepted that the gro,·rth of plants (frequently 

measured in terms of dry weight changes with time) can be described by 

an asymptotic sigmoidal function. A variety of asymptotic func~ions 

have been used as models for E;TOl·:th . These i:-.cl l:de the logistic 

(y = y /(1 + e -(a+ bt))), log-logistic (y = y /(1 + e-(a + blnt))), 
o Bx o 

and Gompertz (y = y
0 

A ) equatio.ns (Nair, 1954; Williams , 1964; 

Bl iss, 1970). Viets (1965) notes that the shape of t he nitrogen 

accumulation curve with time is sigr.ioidal and may be almost linear as 

the plant reaches mat1U'ity . Often, because sampling begins too late, 

the concave upward portion of the sigmoid CU...""'Ve is not established. 

The curve for nitrogen accumulation is less sigmoidal than that for 

dry matter because of the higher rate of nitrogen uptake relative to 

dry matter accumulation in the early growth of the plants (Viets, 1965). 

This luxury consumption of nitrogen is the result of ·the more succulent 

nature of the young maize plant, that is, a high protoplasmic content 

relative to structural components such as cellulose and lignin. As 

mentioned earlier, this increases the capacity of the maize plant to 

store for future use quantities of soluble nitrogen such as amino acids 

and inorganic nitrogen, e.g. nitrates (Loewhing, 1961; Viets, 1965). 

This conservation of nitrogen may have a significant bearing on the 

response of maize plants to split applications of fertiliser (Section 

1.6.4). 



1.5.2 Plant Growth and Distribution of Nitrogen in Plant Parts 

_With the progressively more rapid accumulation of dry matter 

relative to nitrogen and the concomitant increases in the plant 
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content of structural and reserve carbohydrates, there is a dilution 

of the N content (\faitehead et al , 1948; Watson, 1963; Viets, 1965). 

The decline may also be due in part to depletion of the external N 

supply (Watson, 1963). Translocation of N from the stover (total 

plant shoot except the grain) to the g.rain reduces the nitrogen content 

of various plant parts ( ifui tehead ~ ~' 1948; Jordan et .el' 1950; 

Hanway, 1962b; 1963). 

The 3-4% nitrogen concentration (expressed as a percentage of 

plant dry weight) found in the young maize plant is greater than at 

any other time in the growth cycle (Kurtz and Smith, 1966). As the 

plant grows, accumulation of nitrogen talces place regardless of soil 

fertility and there is little translocation from one part to another 

until the ear begins to form (Hanway, 1962b). Translocation from 

other plant parts to the grain takes place as the grain enters t he 

"blister" stage of development about 12 clays after 75% silking, and 

continues until physiological maturity (Hay et al , 1953; Hanway, 1963). 

Hanway ( 1962b) indicated t hat trans location from the cob, husi: 

and stalk occurred before that from the leaves. Over a period ranging 

from 14 days before silking until 16 days after the event the leaves 

contained about 30% of the total nitrogen of the maize plant, even 

though they constituted only 13;0 of the total dry matter accumulation. 

At tasselling and silking, therefore, the leaves contained a high 

concentration of nitroeen. Tyner (1946) reports a level of 2.9% (on' 

a 6.6% moisture basis) while Jordan!:..!~ (1950) suggests a level of 

greater than 2% in the leaves at this growth stage, with a slower rate 

of decline in concentration with ear initiation, than in other plant 

parts. Johnson et ~ (1966) recorded a relatively high N concentration 

in the stem at tasselling (1-2% N), declining rapidly over the following 

2-3 weeks to a level of less than 1% at maturity. In one report, 

husks and cobs showed a small decline in nitrogen content with the 

approach of maturity (Jordan~ §1_, 1950). 

1.5.3 Nitrogen Accumulation in the Grain at Maturity 

Grain of commercial hybrids grown in U.S.A. usually contain 1.45 

to 1.6% nitrogen at maturity, although specially bred "high protein" 

cultivars ma.y have as much as 3% nitrogen (Kurtz and Smith, 1966). 

The grain can accumulate more nitrogen than the whole plant due to 
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translocation from other plant parts (Jordan et al, 1950; Hay et al, 

1953)~ w~th up to 65-75% of the protein of the maize plant being found 

in the grain at maturity (Flynn et~' 1957; Hay et al, 1953; Hanway , 

1962b; Jung et al, 1972). 

Bressani and Conde (1961) note that nitrogen accumulates in the 

mature grain of maize mainly as alcohol-soluble zein which constitutes 

40-50}{, of the grain protein nitrogen and correlates highly with total 

ni troge·n. 

1.6 FERTILISER NITROG:'J'I AHD iUi.IZE PRODUCTION 

Maize places a high demand on soil nutrients particularly 

nitrogen . The nitrogen requirement for a 7,500-12,500 kg/ ha grain 

crop is in the region of 168-336 kg/ha (Barber and Olsen, 1968). 

Most soils in the Corn Belt of U.S.A. are capable of supplying about 

45 kg N/ ha (Barber and Olsen, 1968), the remainder being met from 

fertiliser nitro&en. The use of irrigati on in increasing yields adds 

to this requirement (Kurtz and Smith, 1966). 

Under field conditions the response of the maize plant to 

increments of N fertiliser is influenced by many uncontrollable and/or 

hard-to-measure environrr.en tu.l factors (HarshbarGer, et al , 1954; Fly;m 

et ~' 1957; Baird and ). jaoon, 1959 ; Ber ger, 1962; Englcsted and 

Terman, 1966 ; 

et al, 1970ab; 

Voss and Penek, 1967; 

Bishop et al, 1972) . 

Colyer and Kroth, 1968 ; Voss 

Multiple regression analysis has 

been used to measure the effect of some of the uncontrollable variables 

on the nitrogen response (Voss and Pesek, 1967; Voss et al , 1970ab). 

Soil environmental factors such as its supply of nitrogen in relation 

to the crop's need and the supply of other essential nutrients; the 

residual effects of preceding increments of nitrogen fertiliser; 

drainage conditions and the effects of prior cultivation, as well as 

the previous history of the area can influence responses to 'N 

fertiliser. Seasonal weather conditions markedly influence the 

response of the maize plant to fertiliser nitrogen (N), as does the 

effect of different hybrids grown under these conditions. Rossman and 

Cook (1966) note that maximum maize yields result from the most 

favourable combination of many factors, including soil productivity, 

fertiliser, moisture, weed control and weather. 

The remainder of this section covers the dry matter responses 

that have been reported ·for various environments and under the 

different N fertiliser practices used in maize production. The 

influence of N fertilisation on the quality of the dry matter produced 



and the r elation of N concentration in the leaves to yield as well a.a 

the influence of the enzyme nitrate reductase on nitrate metabolism 

in tho maize plant ar c discussed . Some discussion of the efficiency 

of utili sation of applied N in maize production and the effect s of 

various types of fertiliser and thei r method of a pplication on 

recovery by field i:;rown maize plants is included . 

1.6.l Nitr ogen Fertiliser and Dry Matter Accumulation 

Many reports in the literature indicate a significant increase 

in t he total dry matter or grain dry matter production of the maize 

plant in response to N fertiliser addi tions, under diverse 

environmental conditions (Jordan et al , 1950; Duncan , 1954; 

Harshbarger et al , 1954; Viets et al , 1954; Gibbon, 1966 ; Fayemi , 

1966; Colyer and Kroth, 1968 ; Robert son et al , 1968 ; Ganske and 

Keeney, 1969 ; Nunez and Kamprath , 1969; Stevenson and Baldwin, . .. ' 

1969; Jung et al , 1972; Powell and Hebb , 1972 ; Shukla; 1972; 

Jones, 1973; JlicCormick and Mackay , 1973). Some workers have 

recorded dry matter yield decreases with additions of hieh rates of 

ni~ro~cn (Lar son , 1966 ; Po·:1cll and Webb , 1972) . St ill others have 

recorded little or no response to nitr ogen addit i ons (Dickson , 1968 ; 

Colyer and Kroth, 1968 ; CUI:1berland and Douglas , l 970 ; Dougl as .£.! .§:.1, 

1972). 

1·iaize plants may accurr:ulate dry r.:atter in response to i nc r ements 

of N fertiliser until some other factor under the prevailing 

conditions limits any further resp?nse . Early work r eviewed by 

Nelson (1956) suggested that on soils extr emely deficient in nitr ogen , 

near maximum yields would be obtained with applications of about 180 

kg N/ha but under more usual f ield conditions applications in the 

r ange of 45- 90 kg N/ ha would be sufficient. ?0:ore recent work 

summarised by Berger (1962) and tha t of Bishop et al (1972) and Jones 

(1973) suggests that maize cultivars with a high y ield potential 

should Give a significant response t o 100-150 kg N/ ha. Some of the 

latest reports, however, have indicated that rates up to 224 and 280 

kg N/ha have produced satisfactory maize yields (Robertson et ~' 1968; 

Nunez and Kamprath , 1969; Jung et ~' 1972; Powell and. Webb , 1972) , 

but these fertiliser practices have yet to be thoroughly evaluated 

(Jung~ elr 1972). 

It appears necessary to grow maize at relatively high plant 

densities in order to maximise dry matter responses to fertiliser N as 

shown by Duncan (1954), Robertson~ el (1968) and others. However, 



additions of very hieh rateo of N fertilioer (above 700 kG lT/ha) may 

cause a decline in yield levels due to a fall in soil pH with increased 

soluble salt concentrations (Powell and Webb , 1972). 

The nitrogen content of soils prior to maize croppina can have 

a marked influence on the dry rr.atter response of the plant to N 

fertilioer additions (Brown , 1966 ; Dickson , 1968; Shukla, 1972; 
Douglas et ~' 1972). Shukla (1972) repor ted a sicnificant grain 

responoe with up to 18o k~ N/ha applied and a population density of 

47,600 plants/ha, at two out of three locations . The top 15 cm of 

the clay soils at the three locations had total nitrogen contents of 

0.10, 0. 25 and 0. 32% respectively; at the third location no y i eld 

response was recorded. Brown (1966) recorded no economic response 

in terms of higher grain yields from N fertilised maize plants on 

sandy clay and sandy clay loam soils Ni th total N contents greater than 

o.2<fe or on sandy loam, loamy sands and sands with total N contents 

greater than 0.15%. In New Zealand, dry matter respon3es to N 

fertiliser have not been reported in maize croP3 grown in soils recently 

out of high producins grass-clover pastures (Cumberland and DouGlas , 

1970; Douelas et al , 1972) . 1.:cCorr.1ick and I·;ackay ( 197 3), however , in 

growing maize followed by winter grass on the same site for 5 successive 

years, found that 150:-200 ke N/ha was required for maximum &rain yields . 

However , the area had been cropped with maize in rotation witn winter 

grass for 3 years prior to beeinning the experiment . In the fi rst 

two years out of pasture no yield response to nitrot;en was recorded, 

which agrees with the findincs of Douglas~~ (1972) . 

1.6.2 Fertiliser Uptake , Nitrop;cn Content and Yield 

When maize is grown on soils low in available nitrogen, 

application of fertiliser increases the concentration of nitrogen in 

the plant or plant parts (Viets and Domingo , 1948; Krantz and Chandler, 

1951; Bennett~~' 1953 ; Sauberlich ~ al , 1953; Viets ~ al , 1954; 
Ellis ~ &, 1956; Genter~ al , 1956; Baird et~' 1962 ; Watson, 

1963 ; Bishop et al , 1964; Robertson et al , 1965; Larson, 1966; 
Gonske and Keeney , 1969 ). Ifowever , under very low levels of available 

soil nitrogen and good growing conditions an increase in crop yield may 

offset the increase in nitrogen supply, with little change in the 

percentage composition of the plants (Zuber et !:l, 1954; Kurtz and 

Smith, 1966). 

Application of N fertiliser to the maize crop may also increase 

uptake of other essential elements such as phosphorus , sulphur , zinc, 
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maneanesc , copper , magnesium and boron (Barber and Olsen , 1968; Baker 

ct .:i.l , 1970; Bishop ct o.l , 1972) . 

Increasing the population density , depending on soil nitr ogen 

availability , may decrease the concentration in maize plants . Genter 

ct al (1956) applied 67 kg N/ha to maize grown at 24,700 plants/ ha and 

39 ,500 plants/ha; r espective average grain cr ude protein contents for 

the two plant densities were 10 and 9. 1%, but with 202 kg N/ha the 

respective crude protein contents were 11.3 and 11 .1%. Similar trends 

have been reported by Prince (1954) and Stickler (1964) . Nevertheless 

some workers have noted increased protein concentrations in the grain 

when high levels of N were applied wi th a plant population in the 

reeion of 59,000 plants/ha (Lang~ .e,l, 1956 ; Zuber et al , 1954) . 

The accumulation of nitroeen above the level where a dry matter 

yield response i s obtained represents l uxury consumption (Barber and 

Olsen, 1968) . Thi s phenomenon has been r eported many times in the 

literature and some examples will be given here . Grain nitrogen 

concentrations are most often reported, due to i ts important influence 

on quality. Hunter and Yungen (1955) showed a yield response to 

nitroeen fertiliser up to 134 kg/ha and an increase in nitrogen 

concentration with incre:nents up to 358 kg N/ha. With zero to 179 kg 

N/ha the crude protein% in the grain increased from 6. 92- 8.74 but with 

179- 358 kg N/ha the increase was less marked , that is, from 8. 74-9.58%. 
Similarly Zuber et al (1954) showed no grain yield response with 

increments of fertiliser up to 280 kg N/ha but increases in grain crude 

protein content were .significant over the fertiliser range from 56 kg 

N/ha to 280 kg N/ha. The crude protein content in the stover increased 

with added fertili ser from a minimum of 2. 07% to a maximum of 6.52%. 

With 280 kg N/ha the ratio of Nin the grain to that in t he stover was 

l ess than at the 134 kg N/ha level i ndicating a greater uptake at the 

higher rate than could be utilised in grain production . 

The .. qua.l i ty of mai ze is frequently related to the protein content 

although maize protein lacks sufficient amounts of the essential amino 

acids , lysine, tryptophan and methionine necessary in animal diets 

(Kurtz and Smith, 1966 ; Bar ber and Olsen , 1968) . Nevertheless large 

quantities of the total maize production in the U. S. A. is fed to animals 

as silage or grain. In this country over recent years , greater 

quantities of maize are bei ng used i n animal production enterprises as 

greenfeed or silage (Menalda and Kerr, 1973; J agusch and Hollard, 

1974) . In countries such as Mexico and India, maize grain is also an 

important part of the human diet (Berger , 1962) . With N fertilisation , 
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however, the quantity of the essential amino acids is not increased 

because zein increases disproportionately to the non-zein protein which 

contains significant amounts of these ~ino acids (Schneider et ~' 

1952; Sauberlich et al , 1953). The increased crude protein content 

with N fertilisation is of value to ruminants who are able to 

manufacture the required amino acids from simple nitrogenous compounds 

(Aldrich and Leng, 1965), but is of little value to non-ruminants 

(Kurtz and Smith, 1966). Research into mutant maize cultivars with a 

better balance of amino acids has been reported (tt.ertz ~ al, 1964; 

Nelson, 1969; Dumanovic, 1971). 

The chemical concentrations of nitrogen, phosphorus and potassium 

are considered as being dependent variables in determinine yield in 

maize ('I'yner, 1946; Dwnenil, 1961; Viets et al, 1954) and others have 

improved the relationship by including the effects of environmental 

factors (Voss et al, 1970ab) and other essential elements (Peck et al, 

1969; Walker and Peck, 1972b). The concentration of a particular 

element in the maize plant is commonly referred to as the critical 

percentage in relation to yield response. Macy (1936) defines the 

critical percentage as the concentration above which there is luxury 

consumption of the nutrient and below which there is a zone of poverty 

adjustment, whi ch is almost proportional to a deficiency until the 

minimum percentage occurs. Tyner (1946) considers that Macy's "zone 

of poverty adjustment" is better defined as a "zone of proportionality" 

where yield adjustments for practical purposes are directly related to 

nutrient content. As the nutrient concentration approaches the 

critical percentage, the need for the particular nutrient and the 

intensity of the response diminishes. Tyner (1946) defines the 

critical concentration as that which is just adequate for growth. 

Ulrich (1952) regards this quantity as a narrow range of concentrations 

above which the plant is amply supplied with the nutrient and below 

which the plant is deficient. It is the point at which growth rate 

and yield first begins to decline relative to plants with a higher 

nutrient content. Tyner (1946) reported a critical concentration of 
I 

2.9% (on a 6.6% moisture basis) in the ear leaf at tasselling which 

compares ~avourably with the critical concentration of 3% found by 

Bennett~ al (1953). Viets et al (1954) indicated a N% of 2.83 

associated with maximum dry matter yields and suggested a range of 2.2 

to 2.8% where the concentration was too low to produce maximum yields 

although nitrogen deficiency symptoms were not evident in the leaves. 

Agboola (1972) under tropical conditions, recorded critical nitrogen 
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concentrations associated with the highest grain yields in the range of 

2 . 85- 3.19fo. 

Critical N concentrations in the maize plant , however , vary u..n.der 

t~e influence of many factoro, as recently reviewed by Bates (1971) . 

The a ge of the tissue chosen for analysis , the tissue chosen and the 

cultivar , as well as interactions of the nutrient under consi~eration 

with other nutrients, and their supply , affects the critical 

concentration. Most workers have based thei r sampling on the work of 

'l'yncr (1946) who selected the ear leaf at tasselling as a suitable 

indicator of the nutritiona l status of the maize plant . 

Viets (1965) describes the r elationship between total N content 

and grain yield in maize as being 11U11 shaped, in that both hic;h and very 

low yields were always associated with greater N absorption per unit of 

yi el d than those in the middle of the yie.ld range . Viets (1965) 

considers that the total N r equi r ements cannot be accurately predicted 

because: 

(i) total yi el d cannot be accurately predicted and N supply may 

often be a factor in determining the yield itself. 

(ii) the relation between N content a.~d yield nay be often 

r epresented by a "U'' s haped curve . The ri ght hand side of the "U" 
shaped curve is of greater importance as it is associated with hi gh 

grain yields and r epresents the region where the N content required per 

unit increase in bI'ain yield is rapidly r ising. Hi gh levels of 

avai l able N are, therefore, necessary along with complementary hi gher 

availability of other nutrients. It also becomes more difficult to 

de termi ne how much of the extra ~J absorbed represents luxury consumption; 

reduced intraplant competition for Nat high yield and supply levels 

results in inefficient ut ilisation of N. 

It has been shown in this section that the N concentration in 

the leaves at flowering may be positively correlated with grain yield. 

Work reviewed in Section 1.6.5 shows that differences in N availability 

can arise from variati on in leaf area and leaf area duration, with NAR 

being of lesser importance . Hhile leaf area is a prime determinant of 

yield it is also dependent on the chemical compositi on of the leaves. 

Leaf analysis at tasselling and silking can indicate whether N will be 

deficient or is deficient and has, therefore, resulted in reduced leaf 

area and consequently reduced grain yield (Hanway, 1962a) . 
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1.6.3 The Utilisation of Hi. troaen in Protein Production in th~ i•'.aize Plant 

A summary of the inilial r eduction of nitrate by the enzyme 

nitrate reductaGe will be Given along with some of the facto r s affecting 

its functionine and its r elation to protein production . The 

biochemical pathwa,ys involved in the metabolism of tr will not be 

discunsed. These aspects have been covered in detail elsewhere 

(Steward and Durzan , 1965). 

In order for N to be u::;ed in the synthesis of amino acids and 

proteins it must be in the reduced form. fu~moni~~ nitro~cn , urea 

nitrogen and that in amino acids , if absorbed by the maize plant can be 

readily used because in these forms the nitrogen is in a reduced state. 

Nitrate- N, the usual form of nitrogen absorbed by maize plants , must be 

reduced before it can be utilised in protein production (Donald~ al, 

1963) . Nitrate reduction can take place in the roots or shoots of the 

maize plant (Donald et al , 1963; Hera , 1971; Pate , 1973) . The enzyme 

nitrate reductase has been implicated in the reduction of nitrate to 

nitrite , the first step in the N metabolism of the plant (Rossman and 

Cook, 1966). Its formation is substrat_e induced (&ans and 1:ason, 

1953) and the enzyme is most active in younB leaves, shoot and root 

tips (Beevers and ~a.ge::1an , 1969). The reduction reaction requires 

energy and light appears to be involved in the conversion of nitrates 

to protein (Hageman and Flesher, 1960; Hageman et al , 1961 ; Zieserl 

et al , 1963) . These workers concluded that the level of reserve 

proteins and precursers, and the potential of the plant to synthesise 

protein during the tasselling period determined maize yields , but the 

relationship between nitrate reductase activity and yields of grain 

maize has not been conclusively established (Deckard et al , 1973) . 
Many workers have noted a decrease in protein content of the maize grain 

with increased population density (Genter et al , 1956; Prince , 1954; 

Knipmeyer !:.!, ~' 1962) . This has been associated with a decreased 

nitrate reductase activity in the leaves under shaded conditions . 

Deckard~ al (1973) investigated further the relationship between 

nitr ate reductase activity and grain yield . These workers applied 

337 kg N/ha to six maize genotypes grown at 59,300 and 79,000 plants/ha 

in separate plots , at 14 days after tassel initiation , tassel emergence 

and silk emerge~ce . None of the genotypes studied were able to 

maintain a nitrate concentration in the leaf laminae that would support 

or maintain a high level of nitrate reductase activity (substrate 

induced) during the later stages of ear development , even though late 
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applications of N were made. Enhanced nitrate reductase activity 

during ear development could have increased the grain protein content. 

This failure of the treatments to increase leaf laminae concentrations 

of nitrate to mid or early season levels was suggested to be due to the 

maize plant havine more than one mechanism that regulates upt ake a.'1d 

transport to the leaf blade ( De ckard et al, 1973). Levels of 

available nitrate were non-limiting. Jung et al (1972) also observed -- . 
a decline in nitrate reductn.se activity in maize leave~ with 

applications of up to 224 kg N/ha, made at a similar growth stage. 

These workers, however, suggested that with late applications of N 

insufficient time was available for protein to accumulate in the 

ve ge tative tissue before grain formation begins. Works cited in 

Section 1.5.3 indicate that a large proportion of the grain nitrogen 

comes from that previously stored in the vegetative tissue. A late 

application of N may not allow sufficient time for assimilation, 

especially if nitrate reductase activity remains low, as found by these 

workers. 

1.6.4 The Timing of Nitrogen Fertiliser Application 

The standard practice in maize production is to supply N fertiliser 

at two growth stages , namely at planting as a "starter" fertiliser and 

as a sidedressing at the loosely defined "knee-hi gh" stu.ge , 30-50 days 

later when the maize plant is about 60 cm in hei ght. This practice 

has evolved with the recognition of the growth stages when high 

nitrogen availability is necessary to meet the requirements for the 

maize plant to maximise production. Commonly the rate to be applied 

is split in the ratio of 1/5 : 4/5 or 1/4 : 3/4 or 1/3 : 2/3 or 1/2 : 1/2 

at planting and sidedressing respectively (Gibbon, 1966; Dickson, 1968; 

Robertson et al, 1965; Robertson et al, 1968; Nunez and Kamprath, 1969; 

Shukla, 1972; McCormick and Mackay, 1973). Starter fertiliser ensures 

that the young seedling, with limited root development, has ready 

access to N during the formative growth processes when, for example, 

the number of leaves to be developed by the plant is determined 

(Aldrich and Leng, 1965; Allison, 1973). Cold, damp weather prior to 

planting may limit mineralisation of soil N by microorganisms and thus 

reduce N availability at planting time (Kurtz and Smith, 1966) . The 

sidedressing at the "knee-high" stage provides the largest portion of 

the rate to be applied and is necessary to meet the peak demands of the 

maize plants during rapid vegetative growth just prior to tasselling 

(Hanway, 1962b; Aldrich and Leng, 1965; Englested and Terman, 1966) . 

Sufficient development of the permanent adventitious roots of the maize 

plant at this stage, aids the rapid uptake of applied N and reduces 
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losses in soils subject to leaching (Englested and Terman , 1966; 
Allison, 1973). Application of fertiliser at this time is also 

governed to some extent ·by the ability to move machinery throuc:;h the 

maize crop without excessive damage being inflicted on the plants (Kurtz 

and Smith, 1966). 

Nelson (1956) in reviewing early work concluded that the side­

dressing application generally proved more effective than at earlier or 

later stages, except for sandy soils where leaching losncG may be high 

from a single sidedressing. 

Some winter applications of N fertiliser are made in parts of the 

U.S.A. and Canada (Stevenson and Baldwin, 1969). This may be followed 

by spring pre-plant applications and either planting or sidedressing 

applicati ons or both. Generally winter .:i.pplications have resul ted in 

lower maize yields especially with lower rates of fertiliser N (less t han 

134 kg N/ha, Welch et al, 1971 ). Denitrification losses of fertiliser 

N resulted in lower yields when a..':lmonium nitrate, urea and anhydrous 

ammonia were applied to fine and medium textured soils (Baldwin and 

Stevenson, 1969 ; ~·Telch et al , 1971) . 

In order to measure differences due to time of applicati on of N 

fertiliser considerable yield i ncreases due ~o the fertiliser additions 

are necessary (~-Telc h et 2.1 7 1971) . A nu.-:ibcr of workers have recently 

investigated the res ponse of maize to N fertiliser applications at times 

other t han at t'.'le traditional planting and "knee-high" stages (Brown, 

1966 ; Fayemi, 1966; Srivastava et al, 1971; Jung et~' 1972; Jones, 

1973). Conflicting results have been reported. Brown (1966 ) 
summarised a number of trials in Malawi where rates of N ranging frorri 

18-70 kg/ha, as sulphate of ammonia, were applied in seven different 

regions in the following manner: (a) all at planting (b) all 3-4 weeks 

after planting (c) all 6 weeks after planting (d) all at tasselling 

(e) half at planting, half at 3-4 weeks after planting (f) half at 

planting, half at 6 weeks after planting and (g) half at planting and 

half at tasselling. No significant differences were found between 

split and non-split applications in terms of grain yield. Timing was 

not important as long as the bulk of the nitrogen was applied during 

the first month of growth (Brown, 1966). Fayemi (1966) working in 

Nigeria used similar splits for 90 kg N/ha rate of sulphate of ammonia 

or urea as (a), .(b) and (c) above with other divisions as follows: 

(i) half at 1 month, half at 2 months; (ii) quarter at planting, 

quarter at 1 month, quarter at 2 months, quarter at 3 months. The 
' I 
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trials ivere conducted over 4 years on a sandy loam soil. In 3 out of 

4 years the highest yields were obtained from the treatment (i) plots. 

Delaying N applications for 1 month, under heavy rainfall conditior.s, 

reduced leaching losses; delaying the application for 2 months showed 

no beneficial effects. Maize pla.'1ts receiving all the 1I in a single 

dose at one month after planting had sienificantly hi/jler grain N 

percentaGes (1. 83% as compared to 1.78%) for plants from other 

treatments. Jones (1973) conducted a three year trial in Ni geria with 

56, 112 and 224 kg N/ha as calcium ammonium nitrate applied all or in 

part at planting , sidedressed 3i weeks after planting or sidedressed 

7 weeks after planting (2 weeks before silking). Different sites were 

used each year to avoid possible r es idual N effects from previous 

applications. Over the three years no statistically significant 

advantage was found from split applications of N. Grain yield 

responses were significant up to 112 kg H/ha with furt}\er slight 

increases up to 224 kg H/ ha . There i·;ere significant di fferences in 

N concentration in the leaf i mmediately below that subter.ding the ear 

due to H fertiliser le·1el, bl:t there were no sig;1ificant di f:'erences 

between troatments ( tbc of applicat io:-i) or any si gnificant interaction 

between N level a::d trea tments. Leaching was not a factor in cal:sing 

inefficient use of X fer t iliser over the three year period. 

Jw1g et al (1972) in Hisco:".sin U. S. A. examined the effect of 

time of application to maize of 56-224 kg N/ha as urea, ammonium 

ni 'trate and potassium nitrate for six consecutive weeks , beginr.ing 7 

weeks after planting in 1969 and 5 weeks after planting in 1970. The 

soil type was a loamy sand and the plots received irrigation water. 

Significant declines were recorded for grain and tissue yield (based on 

oven-dry weight of the aerial portion at the early dent stage) when N 

was applied later than 8 weeks (late vegetative growth) after planting. 

This indicates a morphological stage of development when N was used 

inefficiently in growth processes. Significant increases in grain 

and tissue yields were reported for N fertiliser rates up to 112 kg/ha 

for one cultivar and 224 kg/ha for another. Both were short maturing 

pultivars. Percent N in the grain and tissue generally increased as 

time of N application was delayed supporting the contention .that N was 

being used inefficiently in grain production. N uptake by the plants 

decreased for the later N applications and showed a similar response 

pattern to yields of grain and tissue. 

The ability of plants to store large amounts of N for future use 
I 

during early €;rowth, and thus largely protecting it from possible 
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denitrification and leachine losses, may account for the lack of 

advantage of split applications of fertiliser, in some situations, when 

the opposi te result was expected (Gerdel, 1931; Viets, 1965) . 

1.6.5 Nitrogen Fertiliser, Leaf Area and Dry r.~atter Yield 
\ 

As outlined in Section 1.3.3 the size and efficiency of the 

photosynthetic system, primarily that of the leaves, determines the 

final crop yield. A change in nutrient supply affects yield mainly by 

influencing the net amount of photosynthesis of the crop (:·latson, 1963). 

The work of Hatson (1956; 1963) suggests that nitrogen 

fertilisation may affect maize yield predominantly by increasing leaf 

area or LAI and that the effect on NAR up to a certain LAI is of 

secondary importance. It has been shown by various workers (Dungan, 
1928; 1930; Hanway, 1969) that maize grain yield reductions are 

proportional to the leaf area removed from the plant, the greatest 

reduction in grain yield occurring if loss of leaf area, due possibly to 

hail, wind or insect damaGe, is sustained near tasselling ( Hume and 

Kranzke, 1929; Dungan, 1934; Hanway, 1969). The early work of Gerdel 

(1931) and lately that of Uunez and Kamprath (1969) sugsests that with 

high rates of N fertiliser, increasing grain yields are the result of 

the greater efficiency of a given leaf area in producing grairi, rather 

than a.~ increase in the leaf area of the maize plant. Early (1965) 

calculated from Gerdel's (1931) data the relative maximum yield ( grain/ 

dm2 of leaf area) of the low fertility treatment maize plants to 'be 53% 

of its relative maximum yie l ds of grain as compared to 100'% for the 

high fertility highest yieldine plots. 

Work of Eik and Hanway (1965) indicates that starter . fertilisers 

are likely to increase the leaf area of the maize plant and the rate of 

leaf emergence. Maintenance of N supply t hroughout the growing season 

increases leaf longevity and thus enhances dry matter production 

(Hanwa_y, 1962a; 1962b; Eik and Hanway, 1965). Early et~ (1967), 

however, reports that extensive vegetative growth is not a prerequisite 

for high grain yields. These workers found that shading of the maize 

plants for 21 days during the reproductive phase reduced grain production 

more than shading for 54 days during vegetative growth. Enhanced 

vegetative growth from starter fertiliser may not increase grain yield 

due to the hastening of "complete" cover in 'the maize crop and shading 

of leaves during the reproductive phase. Eik and Hanway (1965) noted 

that leaf death during the grain filling period was occasionally increased 

by the use of starter fertilisers but the effect was nullified by side-
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dressing with nitrogen. 

At a given N rate the relative dry matter yields of maize plants 

increased linearly up to a LAI of 3.5; with an LAI greater than 3.5 
yields declined with 112 kg N/ha but remained cons.tant with the 168 kg 

N/ha and 280 kg N/ha fertiliser rates (Nunez and Kamprath, 1969). 

Hoyt and Bradfield (1962) noted yields began to decline when the LAI of 

maize plants reached 3.3 and related this to a lower NAR with reduced 

photosynthesi:::: in the shaded lower leaves. With the plants amply 

supplied with water and nutrients, the dry matter yield and LAI were 

linearly related up to a LAI of 2.7 a."ld an actual decline in yield 

occurred at an LAI of 4 due to the shading effect (Hoyt and Bradfield, 

1962) . The relative contribution in terms of dry matter produced per 

· ~~2 by the top six leaves, the middle three leaves and the bottom 5-7 
leaves, for maize stands of LAI 3.3, was 4 : 2.2 : 1 (Hoyt and Bradfield, 

1962). 

Increasing population density up to 74,000 pla.'1ts/ha was found to 

decrease leaf area per plant (Eik and Hanway, 1965) by about 33% 
(Allison, 1969 ) at t he final narvest. 

1.6.6 Effect of' Ni tro ,c;;en Fertiliser on the Compo:-ients o: Yield 

Total grain yield in the maize plant is made up of' the following 

major components (Leng, 1954): (1) the 

(2) the 

(a) 

(b) 

number of ears per plant 

weight of grain per ear 

grain weight 

number of grains per ear 

(i) number of rows per ear 

(ii) number of grains per row. 

There are few reports in the literature concerned with the effect of N 

fertiliser on the components of grain yield in maize. Alexa."lder (1952) 

noted a non-significant increase in row number per ear with 448 kg 

P2o5/ha and 358 kg N/ha applied separately then in combinati on, as 

compared to maize grown on soil low in available N and P. Schreiber 

et al (1962), however, applied 84 kg N/ha and 336 kg N/ha to sweetcorn 

as single or split applications at three grm-Jth stages (planting, higher 

internode elongation and t asselling) and found highly significant 

increases in row number per ear with nitrogen and when applied at planting 

only. Apparently no effect was noted on ears per plant, grains per row 

or weights of individual grains. Although row number per ear increased 

with increments of N fertiliser, no significant yield response was 

recorded as ears with lower row numbers compensated by increasing 
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individual grain number and size. Jordan et al (1950) noted a 

s i gnifi cant increase in ear weight (cob and grain) with increments of 

N fertiliser up t o 134 kg N/ ha at two plan.t densities of 9, 900 plants/ 

ha and 29,500 plants/ha. 

1.6.7 Recovery of Fertiliser Nitrogen by J.~aize Plants 
f -

Apparently many plants including maize, make inefficient use of 

available nitrogen durinc a grovring season . Recovery of fertiliser 

N is usually less than 60t and may be less than 40% depending on t he 

rate applied (Bar tholomew, 1971). For ex2JT1ple, Robe r tson et al 

(1965) harvested maize plants at the early dent stage and calculated 

recoveries of 53%, 38% and 23% from 168, 336 and 672 kg N/ ha of 

fertiliser applied in the traditional manner. Hunter and Yuneen 

(1955) recorded mean recoveries of N in the maize grain at maturity of 

42%, 37%, 27% and 22% respectively, from fertiliser applications of 56, 

112, 168 and 224 kg N/ ha at planting. Jones (1973) applied 56, 112 and 

224 kg N/ ha to a maize crop in 1969 and 1971 and cal culated 'r ecoveries 

in the total plant of 72%, 75% and 46% i n 1969 and 51%, 47% and 41% in 

1971, f or the respective fertiliser rates. The apparent recovery of 

fe rtiliser was not significantly affected by when the fertili s er was 

applied or whether it was split over seve:ml times of application . 

!·'!any factors affect l{ recovery by crop plants a.11d thus few 

general unqualified staterr,c nts can be made regarding tee efficiency of 

N fertiliser usage . Extensive r eviews of these factors have been 

publ i shed and the reader is referred to t he works of Allison (1966) , 

Bartholomew and Clark (1965), Ne lson and Hauck (1965) for detailed 

discussions. 

Leaching of nitrate nitrogen ( No
3

- N) i n soil water is considered 

the most important means by which N is lost from soils (Allison, 1965; 

Bartho.lomew, 1971) • Other mechanisms affecting N recovery such as 

denitrification and volatilisation losses will be briefly discussed in 

relation to water ·availability and the method and form of fertiliser 

applied. 

Bartholomew (1971) considers that the majority of No
3

- N losses by 

leaching occur after the crop has ceased to absorb N aqd water from the 

soil profile. Leaching implies r emoval of nitrate in water from the 

soil profile but under the prevailing cropping conditions the movement 

of nitrate may be upward (with moisture withdrawal by plants), or 

downward with water additions al though there is usually a net downward 

movement. Nitrate may remain in the root zone for considerable periods 
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without beine absorbed by the plant (Bartholomew, 1971). Soil water 

content is considered the most important single factor influencing 

and/or controlling N uptake and use by maize plants grmm in the field 

(Viets, 1967; Bartholomew, 1971). Low soil water suction (high soil 

water content) is generally most favourable for rapid uptake of N by 

maize plants . Viets (1967) su.~marises the specific factors favourably 

affected under these conditions: (i) the size of the soluble and 

exchangeable nutrient pool (ii) the diffusion rate of ionc (iii) the 

extension of root systems (iv) and the mass flow of water . Soils 

should not, ho~ever, reach a oaturated state as the development of 

anaerobic conditions inhibits root activities and may cause denitrification 

losses. Facultatively anaerobic microor ganisms (e.g. Pseudomonas ~) 

may use nitrate in p~ace of oxygen as an electron acceptor in their 

res piratory metabolism, resulting in its reduction to gaseous forms of 

nitrogen (Whitehead, 1970). Soils with a low water holding capaci ty 

(e. g . sands) mcy lose greater amounts of No
3

- N by leaching as rainfall 

or irrigation water moves rapidly through these soils (Harmsen and 

Kolenbrancler, 1965). Bartholo::iew (1971) observed t hat N recovery (as 

l5N) by maize plants was greater in seasons of e;--reater moisture 

availability than in dry seasons. Data of Jones (1973) s~pports this 

contention as recovery was higher in 1969, a year of above average 

rainfo:.11 for the district, than in 1971 when rainfall was below the 

average. 

1.6.8 rt,ethocl of Applicaticn of l"ertiliser , Soi..:rce of Nit rogen and Effect 
on Recovery 

Only ammonium, ammonium forming and nitrate fertilisers will be 

referred to in this section; a general summary of methods of N fertiliser 

application in relation to the efficiency of utilisation of N by maize 

plants will be given. 

Starter fertilisers containing a small amount of N are usually 

banded 4-5 cm to the side and a short distance below the maize seed 

(Donald et al,'1963; Barber and Olsen, 1968). This avoids possible 

damage to the germinating seedling by the fertiliser or its hydrolysis 

products and usually provides an adequate source of N for the plant during 

early growth. The bulk of the N fertiliser, as discussed in Section 

1.6.4, may be applied as a pre-plant dressing or as a sidedressing during 

the vegetative growth of the plant. Solid forms of fertiliser are seldom 

banded as broadcast applications followed by ploughing and discing (pre­

. plant) have generally been found to be as efficient in suppl~ing the crop 

with N (Donald et al, 1963; Kurtz and Smith, 1966). This may not be so 
' --
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on sandy soils where leaching of No
3
- N may reduce the recovery by maize 

in the ea~ly ~owth stages, before the plants are large enough to 

utilise water and N at a rate sufficient to limit doi•:m1ard movement of 

No
3

- N (Barber and Olsen, 1968). Nelson (1953) compared the movement 

from banded fertiliser of nitrate and ammonium ions with irri gat ion on 

a virgin fine sandy loam soil with a low infiltration rate and a profile 

depth of 61 cm overlying gravel. 'After ploughing and harrowing, 

672 kg N/ha as ~~monium nit r ate was banded at a depth of 9 cm and a 

distance of 7 .6 cm from the side of an irrigation furrow, these being 

86 cm apart in the plots. ?reviously, maize grown under these 

conditions with 134 kg N/ha as ammonium nitrate (broadcast or split 

applications) and 61 cm of irrigation water, produced no significantly 

different grain yield responses . Banding of fertiliser resulted in 

No
3

- N being most .concentrated above and on both sides of the band with 

lateral movement limited to 15 cm. A moderate concentration reached 

27 cm in depth and some nitrate reached a depth of 57 cm, where it 

accumulated just above the gravel layer . Jith a total of 17 cm of 

irrication water (3 separate applicatio;'ls) applied a.-;;r::onium ni troGen 

moved no more thein 7 to 10 c:n over 24 hours (::elson, 1953) . The 

mobility of the nitrate ion to greater soil depths implies that it may 

be absorbed by i;he mo-re m3."ture part of the ;naize root systcr;i whereas the 

ammoni~~ ion is more availaole to the laterally extending roots than 

to those penetrating to lower level (Cunard, 1967) . 

The use of highly concentrated fori7ls of N in maize production in 

the U. S . A. has increased with the introduction of ar.hydrous ammonia 

(82% N) and aqua ammonia (21%) (Aldrich and Leng, 1965) . However , urea 

is still used extensively in many countries (Allison , 1966) . 
Differences in terms of the efficiency of usage have been reported under 

field conditions. For example , Viets et al (1954) and Jung et al 

(1972) recorded lower maize grain yields with calcium nitrate and 

potassium nitrate than with the ammonia , ammonium sulphate , ~~rnonium 

nitrate and urea. Laboratory and glasshouse work also i ndicates marked 

differences in behaviour of solid and liquid N fertilisers in the soil-

fertiliser-crop system. Generally , however, with proper use under 

fie ld conditions little difference exists in the efficiency of solid or 

liquid forms in increasing crop yield (Hauck and Russel, 1969). 

The hydrolysis of urea in soils via the enzyme urease , may result 

in N fertiliser losses due to the volatilisation of ammonia . Because 

of the restricted sorption and l ack of mixing with the soil , 

volatilisation is greatest when urea fertiliser is applied to the 
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applications are made to soils with a low cation exchange capacity 

(e . g. sands) or a low capac i ty to sorb the applied N (Gasser, 1964). 
In maize producing areas ov er recent years, with the increased usage 

of hi g.h ly concentrated sources of N, injection into the soil between 

the rows to a depth of about 15 cm minimises volatilisation losses. 

Ifo re rapid soil adsorption of the ammonia formed during urea hydrolysis 

is likely using this application technique. Specially cons t ructed 

tractor drawn machinery are being used (Jackson and Chang, 1947; 
Barber and Olsen, 1968; Hauck and Russel, 1969 ). 

Ammonium fertilisers or ammonium for ming fertili sers when applied 

under condi tions s ui table for maize grow th, may be converted to t he 

anionic and therefore mobile nitrate ion by nitri fying bacteria. This 

process can, t herefore, affect the recovery of fertili:rnr N by maize 

plants by increasing t he possibility of ·1eaching losses or under 

anaerobi c c onditions, contribute to reduced r ecovery due to 

deni trification losses (Aldrich and Leng, 1965; Hau.ck and Russel , 1969) . 
Wetselaar et al (1972) sugGests that banding of N fertilisers at high 

concentrations (greater than 400 ppm, the ceiling rate for nitri:ication 

of urea and aqua ammoni a) would dr astically reduce nitrification and 

may he l p re gulate nitrate formation in relation to the crop 's requi r ement 

over the growth cycle. Initial high concentrations i n the ba:i.d would 

result in minimal nitrification at a time when ~he plant requirements 

are low; with time the local concen~ration in the band becomes reduced 

as outward diffusion into a greater volur.le of soil takes place . 

Nitrification would increase and more nitrate would become available to 

match the increased requirement of the maize plant. 

recovery of N fertiliser may be increased. 

1. 7 NITROGEN DEFICIENCY SYMPTQ?.~S IN MAIZE 

Consequently, 

The maize plant is dependent solely on the soil for its supply of 

N and thus a deficiency can occur at any growth stage depending on the 

adequacy of this supply, which can be supplemented by fertiliser 

additions. The visual symptoms of N deficiency in maize often appear 

during the period of most rapid growth of the maize plant when Sayre 

(1955) reported requirements for N to be in the region of 3 kg/ha/day 

. (Section 1.5.1). 

Nitrogen starvation in the early growth stages, before the rapid 

growth period, is manifested by leaves becoming greenish-yellow to 

orange-yellow.in colour, with the tips gradually dying under severe 
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stress ( Hoffer , 1941). ~tunted, spindly plants result (Hoffer, 1941; 

Aldrich and Leng, 1965). The leaf symptoms are more definite if the 

deficiency occurs at later growth stages due to the translocation of N 

from older to younger a."ld rnore rapidly growing ticsues (Krantz and 

J.]e lsted, 1964). There is a marked yellowinc of the leaves since the 

ye llow pi gments such as carotins and xanthophylls predominate with the 

loss of the green chlorophyll pigment . This occurs first at the tips 

of the lower leaves and if the N deficiency persists, the yellowing 

follo \.m up the midrib in a typical "V" shaped pattern, while the leaf 

margins remain green (Krantz and It.elsted, 1964). The tip of the leaf 

dies and the whole leaf may turn yellow before dying and withering up, 

a condition frequently referred to as "firing" (Hoffer, 1941; Krantz 

and Melsted, 1964). Progressively, leaves higher up the stalk show 

these symptoms with the decline in leaf N content being paralleled by a 

similar decline in the leaf sheaths and .internodes of the stalk (Viets, 

1965). 

Qualitative, rapid chemical tests for 110
3

-N have been used to 

confirm N deficiency symptoms in maize plants . A normal healthy 

maize plant contains an abundance of no
3

-N in its sap during active 

growth and the presence of these reserves is indicated by a positive 

test (blue colour when a few drops of concentrated sulphuric acid 

containing diphenylamine, is added to a small portion of the test 

tissue). An adequate supply of N is therefore assumed, this reaction 

being typical of all dark green mai ze plants (Hoffer, 1941) . A negative 

reaction (absence of a blue colouration) indicates that no reserve 

nitrate is present and this evidence confirms the yellowish-green 

symptoms indicating N deficiency. Tests are normally made on inter­

nodal tissue of the maize stalk (Hoffer, 1941). Other tests such as 

Bray's nitrate test have also been used (Bray, 1945) . 



CHAPTER T H 0 

METHODS AND M A T E R I A L S 

The aims of the experiment were to determine the response, in 

terms of grain and total dry matter, to nitrogen fertiliser applied 

at increasing rates and at different times during the growth cycle; 
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to obtain information on the fate of applied nitroeen and its relation 

to growth and development <:lnd dry matter accumulation in the rnaize 

crop; to ascertain the effects of applied nitroGen on nitroecn levels 

in the whole plant and its component parts. The initial parts of 

this section describe the experimental layout of the trial used to 

examine these effects. 

This section also outlines sampling procedures and methods used 

in measuring the growth of component parts of the plant and those used 

in determining the nitroeen content of plant parts and the chlorophyll 

content of the leaves. A method of sampling roots in the field is 

also described and finally an account is given of the statistical 

methods used to examine the data. 
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2.1 INTRODUCTION 

2.1.1 E:rnerimental Site 

The experiment was conducted on part of paddock No. 30 of the 

IIT;assey University No. I Dairy Farm. The soil at the site is ~erived 

from river alluvium of recent origin and is class ifi ed as :i.:anawatu 

sandy loam. The 0.13 ha experimental site is almost flat with a 

gentle slope of 0-3° from \'lest to Ea.st. The la ti tud,e of the site is 

40° 23'S, and the altitude is 30m above sea level. 

Profile studies of the soil indicated a sli ght ly compacted layer 

7-11 cm from the surface caused by over-cultivation, but no evidence 

of drainage impedence was found, except for a little darkening in soil 

colour due to greater retention of moisture in this region. The 

profile was generally free draining in nature. Various textural 

classes of sand and silt occur below tie surface horizon (26 cm) to 

60 cm on the western side of the plot area and 96 cm on the eastern 

side. Below these depths coarse sand and gravel ' . + preQo:-:i1na ue. 

Temperature and rainfall data was obtained from Grassla.'1d 

Division, D.S.I.R., Palmerston North, 0.8 km east of the site. Solar 

radiation data was recorded. at Ohakea R.N.Z.A.F. Station, l6 kr:i west 

of the site. This data is presented in Append.ix 1. ~onthly 

rainfall data recorded at the site for the period from December 1972 

to April 1973 is given in Table 2.2. 

2.1.2 Exuerimental Layout 

A split-plot experimental design was used. It consisted of 4 
ra...'1domised complete-blocks ivi th 12 tr.eatment plots plus a control per 

block. The treatments consisted of four levels of nitrogen 

fertiliser (main factor), each of 1-rhich was equally divided into 

three subplots reflecting the times of application of the fertiliser 

(subfactor). A table of random numbers was used in assigning 

treatments to main and subplots within each block (Table 2.1). 

Each subplot consisted of 6 rows each of 41 maize plants spaced 

at about 20 cm intervals within the row and rows about 51 cm apart. 

Sampling was restricted to previously selected points consisting of 

4 plants within the centre two rows of each subplot, these being 

adequately guarded by the remaining two rows on either side and the 

two plan~s between sample points within the row. The above plant 

spacings corresponded to a within plot population of 96,900 plants 

per hectare (approximately 39 7 200 plants per acre). 
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'I'he la,yout is illustrated in Fie. 1. Tractor acc ess routes 

a re indi cated ; the v;hole plot a rea was guarded by 4 ro1-o·s of mD.chir.e 

sown r.iaize plants . 

T;1blc 2. 1 Summary of Nitroccn :?crtiliser Treatmen ts . 

Rate An lied Tirr.e + of S;ilittir.[; of A,eplica.tior, 
ac) kG ha (lb Apl:;l i cation I II .J..lI 

84 (75) 1 84 

2 42 42 

3 28 28 28 

168 (150) 1 168 

2 84 84 
3 56 56 56 

336 (300) 1 336 
2 168 168 

3 112 112 112 

672 (600) 1 672 
2 3 J .... .J O 336 

3 224 224 224 

all applieQ at pla.~tinG• 

Tir.:c 2 -} applied at pl antinG ("st.:irtcr"), t'.-',e rcr.aindcr at 6 Hcc/.::3 

after plantinG 111sidcdrcssing11
) . 

Tir.:c 3 } at 6 i-:ed:s and } at 50~ sil/.:ing, 

appr oximately 13 weeks after planting. 

2. 1.3 Histor,v of f'lo-t ,\rea a11d Cul tur.::.l O_per<'.!.tio :-: s 

Prior to the present experiment the plot area supported a ryegrass-

clover pasture, however , during dry , war m s ur.,mers pasture species 

become reduced in numbers allowing ingress of weeds . Hay and/or 

silage was taken from the ar ea. in 1962:--66, 1968 and 1970; a choumollier 

crop was grown in 1967 . Superphosphate was applied annually at the 

rate of 251-627 kg/ha to the 1.05 ha paddock containing the plot area , 

from 1960 to 1970. 

On 9.8.72 soil samples were taken for total nitro&en deter­

minati on (Appendix 2) . Results showed a low to moderate level (:Sall , 

pers . comm.) of 0.175% and a carbon t o nitroGen ratio of 12 :1. Soil 

tests on samples taken 49 days after ploughing indicated an adequate 

level of phosphorus but a sli ght deficiency of potassium in the plot 

area (Appendix 2). Appendi x 2 also surrmarises the cultural 



FIG . 1 Experimental Layout 

Four blocks : A,B,C.D 

Main plot numbers : 
O: control 
1 : 84 kgN/ho 
2 =168 " 
3 =336 " 
4=672 " 

Subplot numbers: 1,2, J 

Entr.: Entrance 

Tractor routes 

(see Table 2.1) 

~N 
Scale 1cm"'3m 

f"T TTT T T Ir, TTT ITT TT'T llTTTT ~ ""f 

I-++++ ++++++ ++ ++++++++ 9u.rtcl+ + + + + + + i3lq.nts+ + + + + + + + + + + + + + + + + + 1 + + .J. .J. .J. .J. .J. .J. .J. .J. .J. .J. .!.. .J. .J. .J. .J. .J. .J. .J. .!.. .J. .J. .J. + + 
I- + + ~ 

+ -t I- + 
I- + + -t 

+ -t I- + 
I- + + , 

+ , I- + 
I- + + , 
+ j I- + 

I- + + , 
+ , I- + 

I- + + , 
+ , I- + 

I- + + , 
+ , I- + 

I- + + , 
+ , I- + 

I- + + , 
+ , I- + 

I- + + , 
+ , I- + 

I- + + -t 
+ -t I- + 

I- + + , 
+ , I- + 

I- + + , 
+ -t I- + 

I- + + , 
+ , I- + 

I- + + , 
+ -t I- + 

I- + + , 
+ , I- + 

I- + + , 
+ -t I- + 

I- + + , 
+ , I- + 

I- + + , 
+ , I- + 

I- + + , 
+ -t I- + 

I- + + , 
+ , I- + 

I- + + , 
+ , I- + 

I- + + -t 
+ , I- + 

I- + + , 
+ , I- + 

I- + + , 
+ , I- + 

I- + + -t 
+ , I- + 

I- + + , 
+ , I- + 

I- + + , 
+ , I- + 

f- + T + + 
+ , + + 

I-+ +++++++ + +++++++++++++ ++ · · E n tr. +- .!.. +- +- .J. +- .J. .J. .J. +- +- +- _i.. _i.. +- .!.. +- _i.. .J. +- .J. ..i.. ...... 



44 

opcro.tionr, . Soil pll (J :2.5 co i l / water ratio) •·1as 5. 1, . On 11.9.72 

1 , 000 Jq~/hci. of lime and 153 ke/ ha of superphoc phate were broadcast 

over the paddock . Ed.mc.'.1.des (1972) showed a visual rnacncsium 

deficiency while growinr: maize on this soil type so Ki e::;e'ri te 

(hydrated magnesium sulphate) wac applied to the plot area as a 

precautionary measure prior to planting (Appendix 2). 

A single full season hybrid, Northrup King PX610, was chosen 

for thic study. Seed waa provided by Thomae Corson and Son Ltd ., 

Gisborne. PX6 10 is a three way hybrid which is classified as a 115 

day relative maturity cultivar. This cultivar does not produce 

tillers readily and is currently being grown commercially in the 

l!anawatu . Prior to sowing, this seed line had a ge r mi nation test of 

The seed was sown to a depth of 6 cm using hand planters; two 

seeds plus chemical insecticide for control of wireworm (Melanotus 

cribulosis ) and cut1wrm (Persectania aversa) were placed at each 

planting site as determined by marks on a string grid drawn over each 

plot. One block per day was soHn over 4 days; harvesting and 

nitrogen fertiliser applications follo1·1ed the same pattern. 

Sowing of the first block (repl icate) too~ place on the 

6.11.72 and the seedlincs in the f ourth block had emerged by 15.11 . 72, 

6 days after sowing. The r.iajor part of the thinning and trans-

planting, from surrounding machine so•m rows , took place 7-9 days 

after emergence, transplanted plants being noted and avoided at 

subsequent harvests. Environmental conditions were good for 

transplanting with few transplanted plants failing to survive . 

Approximately 4% of the stand were transplanted; those dying were 

replaced and the sta...'1d was complete and growing vigorously by 30 .11. 72. 

Weed control using pre- emergent and post-emergent herbicides 

(Appendix 2) was excellent, being maintained throughou~ the growth of 

the crop. 

Invasion by Argentine stem weevil (H,yperodes griseus) was 

prevented by insecticide application at the time of atrazine 

application (Appendix 2). Minor infestations of corn ear worm 

(Helicoverpa armigera conferta) and army worm (Ps eudoletia separata) 

were controlled by aerial application of insecticide on 8.3.73. No 

fungal or viral infections were noted throughout the life of the 

crop. 
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, 
Irrigation was applied, depending on rainfall, almost 

continuously from early December 1972 to late April 1973. Soil 

moisture levels were maintained near field capacity with tensio:neter 

rcadines being taken every day and gravimetric measurements at 

approximately 14 day intervals, to assist in assessing the moisture 

status of the soil over the £:,Towth period of the crop. A trickle 

irri gation system was used to apply approximately 1,100 litres of 

water per hour over the 0.13 ha area. The arrangement of the lateral 

and attached whiskers (microtubes) in relation to plar.t ro·:is is sho·1m 

in Plate 1. Each 1.3 cm diameter lateral with its alternately 

attached whiskers (0.05 cm diameter) irrigated effectively two 

adjacent rows of :naize plants, the point of application of water from 

each whisker being the centre.of the 51 cm space between rows. No 

attempt was made to adjust the length of the whiskers to allow for 

the slight slope along the rows or the friction opposinG water movement , 

due to the length of t!lo laterals. :foiskers were cut to a standard 

length and inserted in an alternate pattern alor.g the laterals at a 

standard distance apart. The position of the whisker outlet was 

experimented with ur1t il a sufficient s:;:iread of' moistc:re fro:n the point 

outlets along the length of the lateral resulted in tte complete 

wetting of the soil between the ro~s, as move~ent of water took place 

from the point of application ~·ii th continued irrigation . The 

whiskers were then fixed in position (as were the laterals) using wire 

clips, to counter movement due to temperature ctanges over a daily 

cycle. A constant pr essure of 68.95 KPa (10 p.s.i.) was ~aintained 

in the irrigation system oy the insertion of a pressure reducing 

valve at the trough water source. A filter was inserted in the 

3.8 cm diameter main pipe from which the laterals were run. Thi s 

irrigation system allowed the maize crop to remain virtually free of 

visual water stres·s during the season. 

The 1972/73 summer in the Manawa.tu was drier and warmer than 

usual except for an unseasonably cool December (Table 2.2, and Section 

3.1). 
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T::ble 2.2 Summar y of I.:onthl y Rainfall Data (rr::n) 

J.:onth 

Period. 1'!ov. Dec . J an . ?eb . 1.:D-r . Apr . Total ---
1972- 73+ 46 56 ,...0 * 17 110 0 ./ 293 

1972- 73++ 29 43 SC 16 102 59 299 
1928-69+++ 79 99 85 74 67 81 485 

+Recorded a t the site . 

++Recorded at Grassla.!1do Division, D. S. I .R., ?al:nercton North , 0 . 8 &n 

from the site . 

+++Rec orded at Grasslands Division , D.S. I . R., Pal mers t on Xor th , 0. 3 km 

f r om t he site ; mean monthly rainf.J.11 over 41 years . 

* Total for 5 months only . 

2 . 2 . l =~t~oiuct i o~ 

i~i t rogen i·:as appl ied. a t tl:ree :.:.:'.. ffe r ent sta.:;es of crop ;;ro;·;-: :-.. 

an~ 

s ec ond '-:hen tl: e pl aY',ts had. r eac:'1ed -cr.e 5-6 ex:;:iar.~ed l eaf sta 6e· 6 ·o1 e2:-:s 

af-cer pla:1ti ng ( 11 s i dedressin511 a ppl ica '!;ion ) follo ' .. !ed pr ac t ices co::ic.only 

The thi r d appli c~t i o~, s even weeks a fter tte 

s econd corresponded t o the -c i ~e ~hen 50% of -c he pl a:1 t s had silks 

protruding from the primary ea:- propnyll, a distanc e of l c;r. or 

e;reater . Ha:1d i njection of fe r t ili ser on a pe r plant basis 

facilitat ed application a t t hi s time . Six harvests were taken over 

t he life of the crop . Tr.e first harvest took place at 5 weeks from 

planting; consecutive harvests foll o:.;ed at 5, 5 , 3, 3 and 5 i.;eekly 

i ntervals, with harvest six be i ng coi:1cident wi t h physiologi ca l 

maturi ty and the terminati on of the ex:;:ieriment . 

Root sampl es were t aken by hand at harvest one . At harvests 

t wo, f our and six these sam?l es were obtai ned by l ifti ng wire- ne t ting 

cont a i ners wi th the f r ont- end loader of a Ford 5000 t r actor. Root 

s ampl ing was r es t r i c ted to t he Time 2 subplo t applicat ion (Table 2. 1) 

of th e 168 kg/ ha an~ 672 kg/ ha nitrogen treatments and t he control 

plots , over t he f our olncks . 

2.2.2 Form of Nitroc;en Appli ed 

Granular urea ( Olins , 46% N, l es s t tan 11~ biuret ) was di ssol ved 



in water at the rate o~ 25 ~ per 100 ml o~ solve~t . Various 

c;:ua~1ti ties of -'cilis solu·Lion ecrc.i\·alcnt to the rates listed in 'i'able 

2.1 were applied to the maize crop . 

2 . 2.3 ~ethod of Fertiliser Annlication 

A hand operated soil injector was u3ed to apply nitrogen to 

individual plants within a plot . A steel plate welded 18 crn fro~ 
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the injection points allo~cd the fertiliser to be applied consistently 

at the same depth in the soil . The quanti tics a~plied v:cre r.ighly 

repeatable as was show~1 by ra:-ido::i checks made in the field i.;_sing a 

measuring cylinder . ~~e pattern of ·fertiliser distribution , f r om 

six small holes spaced evenly arou.nd the circ·J.T.ference, 1 . 5- 2 c::i fro::i 

the tip of the in j ector, was sir.iilar to that of a tractor-draw:i 

banding wachine. The injecting rnachine is illustrated in Plate 2 . 

The injector was inser ted 10 cm to the side of each plant in 

-'che plot to a depth of 18 cm, the point of ap~lication being 

approximately the sa~e at each ti~e o~ application . 

application the hole left by tte injector ~as closed over by soil to 

reduce volatilisa~ion losses of nitrozen from .J.' 
v!1G liquid a~plied • 

2. 2 . 4 Root Sa~plir.~ Tcchnicrue 

~he me1.'.od d.eviscrl .or st-..id;;·i:i.[:; tr.e :..aize • .J. roo-c syn vem T;iC..S 

considered the most suited to 1.!".e co::d.i tions li:r.:ely to be encou.r1terei . 

"'he approach d.eviseci ,,;ar.; o::ly cor.sidered. as a r.:ea."'ls of sa::-:pling a 

r epresentative portion of t~e root system subject to a parti cular 

n i t r ogen treatment . T!1e roots 1·:er e r.ot restricted to a Q.ven v olun1e 

of s oi l by the container which was deliberately const r uc ted of wi r e­

netting to allo•11 i.:nrestri c ted r oot growth and movement of water, 

nutri ent s and oxygen . 

Forty- ei ght root contai ners wer e cons t r ucted from "chicke.::1 11 

net t ing which was easi l y bent to the s hape r equi r ed . Wire cli ps were 

used t o hold the s i des and bottom t ogether. The container s hape was 

rectangul ar (20 cm x 51 cm) proj ec ted t o a depth of 91 cm. The 

conta iners were buri ed prior t o planti ng in pos itions determi ned by 

t he random allocation of the t r ea tments involved and the proximity of 

the trac t or acces s routes ( that is , they were pos i ti oned a t t he end 

of the t wo centre s ample r ows t hat were nearest the access routes; 

there were three o'r more guard pl ants at t he ends of the sample rows 

before the first container grown plant was encounter ed) . It was 

necessary to leave a pproximately 10 cm of t he wire container 



protruding t::.bove the Sll face of the soil 1 SO tr.at. it could oe 

atto.chcd to the frar..e at tl-.. c lift::~e a!'ld. to allo~·; fo r 

pos3iblc sl i p dUTing lifting. the actual c ontainer dirr.ens i ans 

were extended to approximately 100 cm in depth . Tne sar.dy nature 

of the soil a t the experimental site allowed for relatively easy 

dicging to a depth of 91 cm fo r the i nsertion of the containers a:ld. 

easy lifting at the appropriate times by the hydraul i cs of a For d. 

5000 t r actor . TroueD.ton ( 1957) and others have cri ticiscd H.is 

sampling technique i n that the soil profile i s ~isturaed pr ior to 

growing the plant , ho;:ever, on refilling ti-1e containers an effor t ·11as 

made to reconstr u c t the undisturbed profile . 

i n each c ontainer . 

One plant was gro:·m 

At the appropriate harvests a steel fra:nc i\as attached to the 

top of the root c on.tainer, the shoot having been p:::-eviously :::-emoved . 

Tne buc ket of a f r ont- e:cci. l oad.er , attacI'..ed to a ::Co:::-d 5000 t r actor, •·:as 

then connected to the fra~e and the tractor ' s hydraulics used to lift 

the container plus its soil a::d. root sa:..ple to t!"ie surface ( Plate 3). 

\foile attached i;o tte fr .::;.::-.c t:-ie contair:.e~~ coi.~ld 'be ca:::-rieC. to t.ie 

edge of the plot area ar:c. placeC.. on a -cro::.iler :o_ -:rc:.s?ort to t!".e 

la'bor atory . It was convenient to rea-ctach the fro~"t-end loaC.e r t o 

tl-.e soil fro!:-1 tr.c :::-oots o·J.tsiC.e tl':e l at ora":.ory. ~he fi~al washing 

in the laboratory -co r emove soil particles closcl;; aC:.hered to tr.e 

roots involved. cor.siC.eraole tediu:n . 

distinguish betv;een livi!'l_:; and C.ead parts of t!'.e r oot Sj'Stem . Er ace 

r oot s \·ie r e i ncluded. in the sample at later growth stages . 

2 .2.5 Field Ooserva-cions 

The third appl i cation of nitr ogen to 16 plots was made when 

a pprox i mately 50% of the plants in the c entr e h10 s ampling ro\'IS 

showed silk s eme r gin.'.r f r om tte prirr.ary ear prophyll t o a d is t a."lce of 

1 cm or greater. Counts of plants showing tasse ls and silks ·,;ere 

made from 5.2.73 t o 13 . 2.73 . Appl icati on of fe r t ilise r be gan on 

7.2.73 and. fi n i shed on 13.2.73 and thus ex tended over t wo more days 

than. at t he previous t wo applicat i on t imes, when the fer t ilise r was 

applied on the bas is of one r eplicate per day . The percentage 

silking over this peri od r anged f rom 45-50% for e i ght plot s and 

50-5~% for t he r~mainder. The perc en tage of pl a n t s s howing emerged 

tassels (tassels visible i n t he i-:horl wi thout mani pulation of the 

leaves) over the s ame period for t he 16 plo t s ranged from 45- 85%. 
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Harvest six was conducted when the maize plants were physio­

logicall,y mature . 11ccording to Daynard and Duncan (1969) , Rench 

and Shaw (1971) and Daynard (1972) this occurs when a fully developed 

black. layer is visible to the nnJ:ed eye , ;:dtcr removal of the pedicel 

from the base of the kernel . Dai l y observations were made fro:!'l 

19 . 4 .73 to 5. 5 .73 . A portion of the hucks Herc removed fror:i the 

central recior. of the pcirr.ary ear::> of four pln.nts per plot , allowing 

examin~tion of the kernnl3 while the ear3 rc~aincd attached to the 

plar:t . Four kernels f rom each car were re:;iovcd daily for 

ex.J.mina ti on ; ••hen 75/~ of the kc::.--:rnlc sa:nple:d per plot sho-.-1ed cor:-.plete 

black layer development , along with three out of four r eplications of 

the plot treatment , then harvesting of plants f r om the cixth 

sampli ng point in t hese plots took pl ace . Except for one treatment 

that was ha...."'Vested on 26 . 4 . 73 , the r emainder were h<:lrvested between 

1. 5 . 73 and 5 . 5 . 73 . 

Counts wer e made on the 4.1.73 and 31.3 . 73 to ascertain the 

extent of tillering. It was found that le3s tr.~~ 1% of the plant 

stand possessed tillers so further coun"s were dispensed with . 

of the randomly selected harvest pla~ts , over tte six harvests , 

possessed tillers . 

On ll . 4 . 73 , 22 weeks after so~ing, field sampli~g of the 

None 

penul tir:w.te expanC.cd leaf of t·.-:o plants per treat:-::ent was carried out 

for chloropr.yll content deter~inatior. . Five discs (15 . 45 crn2 , total 

area) were taken per leaf la~inae, fro::i t!"lc oase to t~e tip. The 

ten discs per treatme:1.t \\ere oulked anci held in a ~noist ' 0.ark 

environment until analys i s . Just prior to analysis five discs per 

treatment were chosen at random and these wer e boil ed in 95% ethanol 

for 10 minutes at 83C . The method used for the chl orophyll 

extractions is S~1lf!larised in Appendix 3 . 

2. 2. 6 Measurements on Har vested Plants 

Harvesting was sequential and destructive in nature. A maximum 

of 9 sampling points was allowed for along the 8. 2 m length rows . 

The first 3 points (nearest to the tractor access routes) were 

concerned with root sampling, the remaining 6 were c onsistent in 

position throughout all plots, and the shoots at these points were 

utilised at harvests 1 to 6 . In the treatments where root samples 

were taken, the corresponding shoots were also sampled providing they 

appeared normal when compared with surrounding pl ants . Plants for 

the first root sampling were taken from guard rows so reducing the 
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numbers of pla'1ts required in the sample rows . 

After being cut off at ground level and labelled, the pla'1t 

shoots were transported to the laboratory for dissecti on and 

weiehing. Two out of four plants available at each samp:i.ing point 

were selected at rando:n 7 p:::-ior to entering the plots. TI'..irty to 

thirty-three plants from one replicate were harvested per day, the 

variation in nurnber depenciing on the number of root samples taf::en. 

Plants were harvested between 1 a.m. and 8 .30 a . r.i . on all occa:::>ions. 

Root samples were taken from the plots at the co:npletion of 

four days of harvestine, dissecting and weighinG of shoots . This 

i,:as necessary because of time limi tatio:1s . 'l'hc containers of soil 

and root material were labelled and transported to the laboratory where 

the soil was carefully washed away from t::e roots u.sine an outs i de 

hose . Removal of roots from the container sides <:.nci the remaining 

soil, foreign organic r:iatter and dead root material was done in the 

laboratory by hand •..:i th t~.e aid of t1·1eezcrs and root wa.shin.g 

apparatus. Total r oot sa~~pl es 1·:cre t!-1.en superficial l,y dried by 

wr apping the:n ir.. paper c:.fter ·..:hic:-i. c!:ey · .. ;ere »:ei,zheci a.'1d placed in a 

forced dr a·J.cht ove!'l at 85c for dry r.iatter d.ece"!':-nin<:.tion . Table 2.3 

lists tr.e variables ;:;e<:l.sc::-ed. at ec.c i ::a!'Vest . 

(a) Photosyn t:ietic a::.·ea : by pass i!'l g 

1 .<' l . 'h , ... . . . (•• d ' ~ ---- 5\ ea.L ... arr.1nae i; .roug:: an at.;_ ~o:-n3. -;;1c area rr.e-cer ;._o e.1. N ';, .. - 1 • Leaves 

that were not fully expanded were passed through t!:e machine as s-...:.ch, 

so that only the exposed. photosynthetic area i·1as measured . ;:.,eaves 

were detached at the ju.'1ction of the leaf ia~inae and the shea~~. 

The sheath area enclosing the stem was measured by wrappi!lg paper 

around the stem, simulating this a.rea, then passing the paper through 

the automatic area meter. This 1vas done for each portion of t:ie 

green stem, the s~~ being the total sheath area for the particular 

plant. The photosynthetic area of the husks was ignored. From 

harvests 4-6 when portions of the leaves and sheaths became 

senescent, these portions were excluded from the area measurements. 

Leaf and sheath areas were not measured at all if 50% or greater of 

the area was senescent. 

(b) Huskless ear lengths: during harvests 4-6 the lengths of 

the huskless ear was measured from the base of the cob to the apex . 

The effective huskless le~gth represented the portion of the total 

actually supporting grain. 

(c) W~ights: 
' 

on arrival at the laboratory plant shoots were 
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dissected into the following components : (i) leaves - all expanded 

leaf laminae ; in ear] ier harvests this included unexpo..nded leaves 

and leaf sheaths above the stem apex, or above the point of 

attachment of the tassel pedunc le prior to tassel emergence . 

(ii) stem including leaf 

sheaths below the point of attachment of the tassel pedunc le . 

(iii) dead leaves - greater 

than 50% non-green area . 

(iv) husks - includinG silks, 

tassel, tassel peduncle, cob shank and aborted secondary c obs (if 

present). 

(v) car - removed from the 

point of attachr.1ent to the ear shank . 

Fresh weights of the above portion::> we re determ::.ned immediately , 

and after measuring of leaf and sheath areas these portior.s were 

dried in a forced dra11..:;ht oven for 48- 96 hours at 85c , v:hen thc,j· were 

removed and ciry :·ieic;hts recorded.. Ears were shelled oy h:L:d a::e r 

drying and total kerne 1 dry -.:ci gh ts for i nd.i vi dual e<:irs d.eter;;.ined 

at this sta6e as •,:ell .:is the d.ry i·1ei.:hts o:' 100 kernels selected a: 

random from ca.ch ear . Dry ·.-:ei[;hts of ir.dividual plant parts ·.-:ere 

deter;Tlincd, but the dried rr.aterial from compa:raole parts of the two 

plants sar:ipl ed per plot at each !'larvest were bulked , prior to grinding 

and subsequent nitrocen content determinations . 



T<::.blc 2.3 Plant Variables ;.:easured at Each Har-vest 

Vo.ri ablc t.Ieasured 

Laminae area 

Sheath area 

F>l , D\'l and % Dl·i of leaven 

FH , ml and % DJ.'i of stems 

FH, DW and ?~ DVi of husk 

F'i'l , mi and '/u :b:.: of dead leaves 

F1\'l of ear (cob + grain), D'.'l and 'fo DJ,: of ear 

Y.·l, DH and % m of roots 

mr of cob 

D'.-l of grain+ 

DW of 100 kernels 

Lencth of huskless ear 

Effective length of huskless ear 

Number of rows of Grain per huskless ear 

1·:easurement of ni tro <sen content++ 
(on a dry weight basi:;) 

% N of leaves+++ stelil and roots 

% N of husk, cob and gain 

dry matter content on a fresh wei ght basis 
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IliJ.rves t Number 

1-6 

2-6 

1-6 

1-6 

3-6 

5-6 

4-6 

1 and 2, 4 and 6· 

3-6 

4-6 

4-6 

4-6 

4-6 

4-6 

1 and 2, 4 and 6 

4-6 

+grain from primary ear; seco.:1dary ears of no cons equence in grain 

production. Dry weight of grain v.·as adjusted to 15.5~·~ woisture 

content . 

++see Appendix 4 for description of method • 
. ·+ .,....,.. only functional leaves included ; N content of dead leaves ignored. 

2.2.7 Percentage Nitrogen De termination 

!.Jicro-Kjeldahl digestion uni ts \vere ..... sed in the determination of 

nitrogen content of plant parts. 

In the case of leaf laminae, husks, grain and r 'oot samples, the 

total bulked dried material from the two sampled plants per treatment 

was used during grinding. 

materials were utilised. 

A representative portion of stem and cob 

A Wiley mill was used to grind the plant material to pass a 

sieve of 1 mm diameter openings (see "Official Methods of Analysis", 

A.O.A.C., 10th ...ed., 1965, p.202). After the grinding of each s~mple 

the machine was completely dismantled and thoroughly cleaned. A 

representative subsa'nple of the finely-ground well-mixed plant 



rn<J.terial w;is then plu.ced in l abelled, screw-top glass containers , 

u.'1til chemical analysis . 

method used . 

2 .3 STATISTICAL T·i'S"I'HODS 

See Appendix 4 for a descri ption of the 

Bulked data for two plants per subplot \·rere used in t he 
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statistic;il analysis. The analysis was carried out with the aid of 

the r:io.ssey University B6700 computer . 

this analysis arc available on request. 

2 .. 3.1 Preliminary Analyois of Do.ta 

All proerams written for 

Prior to conductinG' the analysis of variance a cnmputer pro17a.m 

was written and used to determine the frequency distribution of the 

raw data for ea.ch variable to be considered in the analysis . This 

showed that the distribution of the data approximated that of the 

normal distribution. However, for completeness the distributions 

of log and square root transformed data were also obtained . These 

transformations did not cener ally result in a closer ap.i,)roxir..a.tion to 

the normo..l distribution so the r aw data were used in the analysis of 

variance. 

A.'1 <J.rcsine transformo.tion of percentage dry matter data was not · 

considered necessary as Edmcades (1972) found. that the variance 

ratios for the two sets of analyses (i . e . of raw and arcsine 

transformed data) showcrl only sli.i:;ht differences . 'rhis indicated 

that significance tests (F- tests) were not biased by the scale of the 

data. 

2.3.2 The Analysis of Vari ?.nce 

Data was analysed within harvests using a standard analysi s of 

variance for a fixed effects model (Steel and Torrie, 1960 pp. 245-247). 

A computer program was written for the split-plot analysis of 

variance . · The forr.iulae of Steel and Torrie (1960) were used to 

calculate standard errors for treatment comparisons between various 

means . Least sienificant differences at 5~~ and 1% levels of 

significance were calculated for comparisons of paired means when F 

was significant in the analysis of vari ance for the main factor, 

subfactor and interaction effects (Steel ~~d Torrie , 1960). A 

summarised form of various analyses of variance for selected variables 

are presented in the Appendices . 

2.3.3 Curve Fitting 

2 First degree (y = a+ bx), second degree (y =a+ b1x + b2x ) 



and third decree (y =- a + b1x + b
2
x2 + b

3
.x3) polyno~nial eqUGi.tior.::; 

\'/ere fitted to the total dry Hei{;ht a!1d grain dry ~·:ciJht da'ta 
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collected at physioloGical ma~~uri 7.y, for each of the five main factor 

treatments . The rr.ain factor 1·1as ni troGen (;r) level per unit area, 

the levels bein& N" = O, 84, 168, 336 and 672 kg/ha . There ·::ere four 

replications of t he ~ain effects . A star.dard ~~ltiple rei;ression 

procram on a B6700 computer ("BASIS") wa:::; used to ecti::iate "best fit" 

values, the coefficients of detcrnination (R2) and ~he Gta;.dard error 

of the estimate for the fitted curves . The c-..ibic polyr.o:nial was 

found to be the "best fi t 11 to both sets of data ba::>ed on the 10>·1est 

sum of deviations fro:n the estimated. curves , co!1sictent with t:;.e 

hic-hest R2 and the lowest standard error of the estir.:ate . The 

predicted response curves to increasing incre~ents of fertiliser N for 

total dry weight and .:,rain yield are pr esented in ::.'i.G• 3 (Cha;iter 3) . 

Loi:;istic, log- logi.:::;tic and Gompertz cu.i.""Ves :·re::-e also ::.. tted 

separately to total dry woi&:-,t data for each of tr,e r..ain factor 

treatments. A second fuc-;;or (tir::e of o.pplicatio:: o: :~) at three 

levels (Table 2 .1) Wi:l.S superi:r:pose:d o!'l t::c main c:~fect::; , in a split-

plot dc::>i[;':'l . 

c;-x-o·.·:'th, there ·;:;cir:s t· .. ;elve (4 x 3) o"':)servatio:.s at each ti::-.e . ':'!:ese 

dat.::t we:::-e re£.7essed. at;ainst tir.:e to es'ti:;:ate the t,To•1-;;h c1.:rves for 

each main effect. 

The '1Symptotic rceressions were transformed i:lto linear 

equations as fcllo'lrs: 

(i) logistic 

logi t y = a + bt, where logi t y 

(ii) log- logistic 

logit y = a+ b . logt 

(iii) Gompertz 

log y = l og y + (log A) Bx 
0 

(Bliss, 1970) . 

Estimates of the upper asymptote (y ) were made using ma.ximum likeli­
o 

hood iterative procedures (see below), until the "best fit" curve was 

obtained (Bliss, 1970) . 

After the first iteration the R2 values for the log- logistic 

were well below those for the Gompertz and logistic curves , so further 

iterations using this curve were dispensed with . After a further 2- 4 
iterations over all treatments , 'the corrections - to the transformed 



:::: c: 
.) .) 

independent variate :·1ere nezliGible (b
2 

not civ.i:~icant) for ti-_e 

Gompert?. curve::; , but for the lo.;:i.::;tic c'l2'ves t~e adj~3~~cr.ts to :~c 

estimated value of the ·..:.pper a::>ymptote were ::;till !>ir_.rnifica."!t , eve::1 

Lhouch the a2 
value::: over all treat::cnt::; v:er<:: on:y sli&l;tly le::::; t'.-""itl-"1 

thocc for the Gonp6rtz . Tht:.s the Go:-;i:;:iertz curve •.-1.:i.s co:isi.C.erecl to 

be ~ore appropriate and ~he ocst fit to ~he ~ata . ':'i:e iterative: 

procedure used in relation to the Go:i1pcrtz Ct:....."'Ve ;;111 no;·1 ·oe oriefly 

summarised . 

The linear form of t?ie Go;.ipertz ca_~vc :'l.e:;:; teen no-occl to "te : 
x 

loc y = loe y + log A (3 ) 
0 

x 
?his form is identical to an equation of the ~oro Y = a 1 + b(r ) where 

log A represents ;;he rocrecsion coefficient to be estir:i;:i.~ed ·oy the 

"le.:i.st Sc_:W!rcs" method. A plot of the dependent variate Y = 106 y , 

(y = toto.l pla::t d.ry '.·:ei.c;ht) , acainst the ir.depe::.~e!':t variate 

(x 
y 

= time in days) tra11sformed to r"' , snow3 a linear relationship. 

The slopes of these lincc for the various treat~e!':ts is esti~ated ~.Y 

tr1e rc~;rossion cocf~~icie.:-_ -:s (Sect:.. on 3 . 3.1) . 
-r 

r.A •·:as rnnde from a:: cye- fi t o: a sr.,oot!1 c'.1_-r·vc to ·~:ic J.tlta . 
:x: 

•11·+n' t'i~" -f'ir"'~ 0-,~--"'"e ( r ) c-c·.r: -r •. .., s -r ..,,., ~"'o-~c,.; -:-.o ~, r ~..-a.' • "' ..... .L;:, ... - - \.. c;;, 1.;..L.11.C,..:.. v c:. ... .-.. ,, c;,;.. "' (;;,,..!...:>... • ... ...... _ _ c.,.. ... 
0 0 

"'· 1· ,., e r "'e_...,c,..,.1·0.,, "' ' " co""-" te:'"' "'Cla-'-1"'- .. ..,c 'o- "'C"""'"-'"C to Z 0.. ...... ... .. a .I.. L"" ..,,.0 .4 1'.0s..:> .il_!Jl.A. .. ....... , ... v ··~ v ... ~ .l. u ... .J l.JVu....>' l . 

T--~ l.,.., ... ,...,..,CC""' ... - ~~ c..''"' •• cs+.i·~ ... ::7"' of' 7.·.".e ··- -e"' ,-,5 · 7- "'"'-0-e 'n ., ... ~- ·..,-·r .!.v..> ...... v\,.; ... !""' c:.1 -- "" _ ... ...., .... ... ......:._J:..J .... c;.. J'"l-""" ~ • ,.-.,J. Ji. ~ ........ _ .... __ c,;...-..J 

- - 1 
i:1axii:':U."i1 l i kel:'..hood. x- vtlria'::>lc (xr

0
:x:-_ ) 1·:as bcluc!e:l in the eq:t<..::.-oio.:1 i:i 

ord.er to ad:w::t r
0
x i:1 subsc~u.e:"!t iterations . ':'nus the r.mltiple 

regression fit bcco~.1cs : 

, _.,_ , ( x- 1) log y = a 1 + o1r
0 

+ o2 x~0 
A sta::dard r..ul tiple regression procra:7. on a 36700 computer ( " JASIS") 

was '.J.Sed to est i mate a l' bl and b2 . Adjustments to r were rr.ad.e using 

the r elation: 

r r + b2 
0 

bl 

for successive iterations, until b2 bec ame non si&'1ificant accordi.:::g 

to the t - test for the null hypothesis, Ho : b 2 = o. A final least 

squares solution was esti r:iated without the auxillc;.ry variate and the 

best fit v alues for the Gornpertz curve i.;ere obtai ned along with t he 

estimated values for the upper asymptote (y ) , A and B. Similar 
0 

proced\ires were used fo r the other two models using the variate 

~ = (1/(1 - ~ )) for the auxilb.ry i n i ter ati nt; y 
0 

i.n the lo.'.;istic (Blis s 

1970). In 8rder to c ompare differences a:ncne; the regression 

coefficients f or t:ie var ious ~reatmcnts the ho:nogenei tJr of their 

variances was tested by Bartlett 's Chi-square (x2 ) (Steel and Torrie, 



1960). A non significa...'1t test indicated that these varia.'1ces \·;ere 

hornocencous and consequently a pooled estimate of the recression 

coefficients was obtained . This was used t o construct least 

si gnificant differences (L.S.D.) to test the Sig:lificances of 

differences among the r egression coeffi cients for each treatment . 
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CHAPTER T HR 2 E 

RESULTS 

In an endeavour to aid presentation a:;d interpretation the 

ini t ial section of thi s chapter presents a general description of the 

growth and development of the crop frorr. so·,.,ine to final harvest . 

This is followed by data on cra:.n yields and plant dry r.:atter 

production of the final I'.arvest - the ulti~ate assess~ent of the 

treatments imposed. Having presented the overall picture suosequent 

results then refer to the chronolof;ical gr01"ith , developr.;en t and 

nitr ogen uptake of the crop which lead up to these ul-ci:r.ate yields . 

Throughout this chapter reference is ~ad.e to Appendices containinc 

supporting i nformation and selected analyses . These can be found at 

the back of the thesi s . 
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FollowinG' successful oowinc and plant establishmen t the time taken 

in da,ys and effective degree days (Appendix lb) for the maize plants to 

reach 50'fa tasselling, 50j~ oilkin[; and physiological maturity are 

presented in 'I'ablc 3.1 as means over all plots. 

'.11ablc 3.1 Days to 50% taoselling, silkine and physiolotP-cal maturi -:y. 

Stace of Development Days Effective Degree Days 

50% tasselline 86 579 

50% silking 93 620 

Physi oloeical maturity 180 1175 

Table 3.2 shows that for three separate periods of 5, 4 and 4 da;/S 

duration in December 1972, the daily maximum air temperatures were all 

b elO'\'l the 42 year averac;e (Taolc 3. 3) . On 9 out of these 13 days the 

daily minimum air temperatures i·:erc also be lO\·l the average . 

'l'able 3.2 * Daily air tc;;iperatures for Dece!llber 1972 . 

DAY 5 6 7 8 9 13 14 15 16 19 20 21 22 

Daily 18.6 17 .o 19.0 18. 5 19 .0 18. o 18.1 19.3 18.5 17 . 8 18. 8 19 . 8 18.1 
max . (c) 

Daily 10.5 11.9 9.6 6. 8 12.2 12.7 4.9 5.5 14.2 9.6 10.6 8. 6 5.0 
min .(C) 

* Recorded at Grasslands Division , D.S.I.R., Palmerston North , 0.8 km from 

the experimental site. 

November 1972 experienced daily temperatures above the average which 

were also (in this year) hi gher than the mean December temperatures. 

For the remainder of the growing season, however, temperatures followed 

the usual trend (Tabl~ 3.3). 
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Table 3 . 3 l1iean daily air t emperatures . 

Period Hon th 

1972/73 * ITov . Dec . Jan. Feb . i·:ar. Apr . 

Mean daily max . ( C) 20 .5 19.5 22 .9 23.6 21.4 17.9 

!·lean daily min . ( C) 11 . 7 10. 7 13 .0 13 . 2 12.7 10. 8 

1928- 1970 * 

I1!cu..n daily max . ( C) 18 . 5 20 . 6 21.8 22 .2 20 . 9 18 . 1 

Mean daily min.(c) 9.7 11.5 12.6 12.6 11.5 9.4 

* Recorded at Grass lands Division , D.S .I.R. I Pal mers ton Horth , o.8 km 

from the experimental site . 

Over the period fro r.1 6. 12 . 72 to 20 . 12 . 72 the plant leaves i·1ere visibl:,· 

wind- d8..rnaced throu:_;hout t he plots . The tips of ne· .. 1lj' c::qanded leave::i 

Herc often split and smo.11 dead areas appear ed on sor:ie l eaves . The 

conditions described above may have delayed the occurrence of tasselling 

and silkinc. Rainfall clurinc December ;;as \;ell be low avera Ge (Tabl e 

2 . 2). 

'rhe most rapid v ec;ctative vmvth occurred over a period from 55 

days (1.1.73) until 85 da;ys (30.1.73) after planting. After tass elling 

most plants possessed 14- 15 expanded leaves and all r eached 2.5 t o 2 . 7 m 

in hei ght approximate ly ti·rn 1·:eelrn aft er 505~ silbng (Fi e . 2). Eo.xi mum 

leaf area index (LAI) occurred near the bec;innini:; of r apid grain filling 

approximately four weeks after pollination or about 130 days after 

planting. Leaf area declined rapidly thereafter. 

The senescence of the lower leaves as the plants matured was 

particularly noticeable in plants under N stress, namely those receiving 

only 84 kg N/ha or no N fertiliser ( Plates 4, 6 and 9). Visible N 

deficiency symptoms became evident in these plots about mid-January 

1973 during vegetative growth and with time became progressively marked. 

By 130 days after planting the grain had reached the "milk" or 

"blis ter" stage of development . At 146 days the "dent " stage had been 

reached. Grain development and filling (pollination to physiological 

maturity) occupied approximately 74 days • 

. Only a single ear was produced per plant, commonly at the 7th or 

8th node, on this cultivar (PX610). Any secondary ears appearing 



FIG. 2 General Plant Growth and Development at each Harvest 

Scale: 3cm = lm 

Ground Level 
69 127 146 180 

Days after planting 



Plate 5 

. · i i ~ .; h -. 1 - , • • r • 

('' ' O .. . +. ,. ... 

Showing nor mal co l ourat · on in the lower 
portio~s of p ants fro~ a plot receiving 
672 ·g r/ ha . 



ri.., i- , r:.. 

Plate 1 Showinr- individual :lL • .,ts rece1v1nf" 672 
kg N/ha (LHS) and no N fertiliser (~HS) . 



Plate 8 Showi~g i~dividual plants rece1v1ng 
168 kg };/ha (LHS) and no N fertiliser 
(HHS) . 



Plate 9 

-

ShowinP' indivi1ual plants rece1v1n~ 
8~ kg N/ ha ( TBS) ar..d no N fertilis~r 
(RHS) . 
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aborted early and made no contribution to grain yield. 

Root growth and development was rapid in the maize plants . For 

example, 69 days after planting (harvest 2) roots had penetrated to a 

depth of 91 cm or greater . Root dry weight continued to increase 

until about 130 days after planting. 

Lodging did not occur in any of the plots, nor was tillering of 

any consequence; all pl ants survived from the completion of trans­

planting t o maturity. 

3.2 GRAIN YIELD AND PLJ\ll 'r DRY HATTER FIWDUC'I'IOi'T (Fll:J\L HAJNEST ) 

Grain yields and plant dry matter production (excluding roots) per 

unit area recorded at ph,Ysiological maturity were hi c;h and attained as 

much as 14,486 ke/ha (231 bushels/ac) and 31 1 000 kg/ ha res pectively 

(Fi g . 3). 

In spite of an apparent response to fertiliser nitroGen , the 

differences obtained failed to reach statistical si v1ificance. As 

shown in Table 3 .4 this vras l ar Gely due to the rather different response 

trend recorded by the treatments receiving a split dressing of nitro6en 

at planting and six weeks later, particularly at 336 kg r:/ha . 

Applying fertiliser r.itrogen as split dressin{;S at dif~erent 

stages of growth h.:td no significant effect on grain yields or plant 

dry matter production . Similarly there was no significant interac t ion 

recorded between rate and t i me of ni trot_;en application. 

contains the appropriate analyses of variance (ANOVA) . 

Appendix 5 



FIG. 3 Total Plant Production (excluding Roots) and Grain Yield 
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'!'able 3.4 Summary of total dry matter yields' for crain and the whole 
shoot . 

Grain dry matter (krr/ha) 

* 
N rate (kr;/ha) 

Time of ::::ubplot 
application 

i(·* 
m!!,:tns 

0 84 168 336 672 

1 10605 12434 12108 13207 14486 12568 

2 10591 13652 13322 11868 13192 12525 

3 12093 11948 12969 13001 13488 12700 

J0:ain plot 11096 12678 12800 12692 13722 means 

Total dry matter (kg/ha) 

* 
N rate (ke/ha) 

Tirr.e of St;.bplot 
application *-l<· 

means 
0 84 168 336 672 

1 23227 25513 25450 27380 31062 26526 

2 23028 27955 27316 24103 27124 25905 

3 26079 26440 26875 25709 28096 26639 

Main plot 24111 26636 26547 25731 28761 means 

*1 = al l applied at planting; 2 = t applied at planti ng, t at 6 weeks 

after planting; 3 = i applied at planting, i at 6 weeks and i at 5o% 
silking, approxi mately 13 weeks after planting. 

** Control plots subdivided and sampled the same way as those receiving 

N fertiliser . 

3.3 GROWTH IN TOTAL DRY :•!EIGHT AND COI.1PONSNT PARTS 

The first part of this section presents data relating to the 

accumulation of the total shoot dry weight as recorded at six harvest 

times over the growth cycle , for the various nitrogen treatments. 



Latter parts of this ::rnc ·~ion ~re c oncerned i·ri th dry wcicht cha."li:;es in 

plant cor.iponen ts over the ,s-ro·;1th of the nai zc crop. 

3 . 3. 1 Tot.:i.l Shoot Dr,y 1:!ci cnt 
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The non- sicnificanL rcopo~se in ter~s of t ot al shoot i~y ~atter 

was consiotcnt over all h<l.rvcsts and for harvest::; I, to 6 ~-;i;(;r. .:.~o.in d-::-y 

·dci c;ht data \·i.::LS obtained. Therefor e , a more di r ect analysis was ~~ie 

of the crow th curves by fit tine asy:nptotics ( Ch:?.pter 2) .J.nd. tos ti !".g the 

trea t ments for sisr.ificant di:'ferences . A cor.1par:.. son of the .?'owth 

curves obtained for the v<l.riouz :~ traat:-nents is presented in Fie. 4. 
2 

Appendix 6 shows these cu..-ves Hi th their actual data , R values and. 

equations . 'I'he line:ir r C[;"rCSSion lines obto.ined for the V<:?.rious 
:;( 

treatment:::; when loG y is !)lot ted aca.inst r are presented in Appendix 

7. The associated r anked. re,:;rcssion coefficic;.ts arc presented. in 

Table 3. 5 with thei r corre3~ondinc; ni trog.:m trcat;:;cnts . 

Regression cot;:!fficients for tot<l.l shoot dry ·.-:e: cht 0·1er tir:ie . 

r; r;itc (i..~/"a) .. ,_::,, .. 
;:> ~ • .. egre..,si.on 
coefficie?~ts 

0 8~ 672 336 168 

b -6 .6536 -6 . 7127 -6 . 9280 - 7. 2603 -7 . 4598 
Stc..ndn.rd 
er:::-or of 0. 1314 0. 1230 0. 1129 0. 0978 O. lllo 
b values 

.4. 
<r~ pool = 0.067204 

L.S. J\( . 05 ) = 0. 3270 ; L.S. J\( .01) = 0. 4343 . 

At the 5% level of significance the L. S. D. showed that the 

regression coefficients could be divided into two groups . That is , 

the r ate of appr oach to the upper asymptot e (potential limi t of dr y 

matter pr oduction) for maize plants r eceiving 168 kg N/ha and 336 ke 
~I/ha wer e siGili ficantly c:;reater than those from the remainin~ 

t r eatments ( Fig. 4) . At the 1% level of significance the grouping was 

not so·disti nct as it showed pr ogressiv e over lappi ng. However, the 

r a te of appr oach to the upper asymptote for plants receivi ng 168 kg 

N/ha was cons is t ently greater t han that of all treatments , apart f r om 

those r ecei ving 336 kg N/ ha. 
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3.3.2 Dry ~!ei ght Cha!!ges in Ve13etative Components 

(a) Le<J.ves : Leaf dry weight (Table 3.6) was the only co::iponent 

of total yield that shoHed a significant response to increasing N 

This occurred over t he period from mid vegetative growth 

t o ph,Ysioloi;ical maturity (Harvests 3 to 6). A comparison of the 

various times of application of N fertiliser, however, shoHed no 

si~nificant differences, but there was a significant interaction 

between rate and ti me of application of N at harvest 4. (ANOVA for 

leaf dry weight at harvests 3, 4 5 and 6 are presented in Appendix 8) . 

Table 3.6 Summary of leaf dry weight per plant ( g ). 

N rate (kg/ ha) 
Harvest S. E.+ Si gnificance 
nUr:lber leve1++ 

0 84 168 336 672 

2 (69) 24.8 19.8 23. 9 23.4 25.0 2 . 78 n.s. 

3 (104) 31.l 32. 8 36 . 2 36.3 39.3 1.44 ** 
4 (127) 32.9 30.4 37.3 34 . 6 35. 8 1.30 ** 
5 (146) 29.2 27.6 33.7 33.8 34.4 1.49 ** 
6 (180 ) 17.8 18.2 21.6 18.8 24.2 2.08 * 

+standard error (S.E.) for comparison of means between .N rates. 

++n.s. not significant; * .05~ P ) .Ol, ** P< .Ol (from ANOVA) . 

() days from planting. 

At harvests 3, 4 and 5 the leaf dry weight for the three hi b'hest 

rates of N is significa.~t ly greater than t hat f or plants receiving 84 

kg N/ha and no N. At harvest 6 (physiological maturity) plants 

receiving 672 kg N/ha produced a significantly greater leaf dry weight 

than all other plants except those receiving 168 kg N/ha. Table 3.7 

indicates that the significant interaction at harvest 4 was contributed 

to by those plants receiving 154 kg N/ha over three different growth 

stages having a significantly greater effect on leaf dry weight than 

those receiving the nitrogen fertiliser over two growth stages. 



Table 3.7 Interaction effects between N rate and time of application 
for leaf dry weight (g) . 

Time + of N r ate (ke/ha) 
s T,'I ++ 

application . ..... . 

84 168 336 672 

1 28. 6 34 .8 37 .1 39.2 3. 57 
2 26 . 7 38.4 34.9 34.1 

3 36 .1 38.7 31.7 34.0 

+see Table 3. 4 

++s . E. for comparisor.s between interaction means . 

There was little change in leaf dry weiBht over all ·treat~r.ents, having 

reached a ma:cimum a t harvest 3 (11 days after 50'f., siH:int;) or harvest 4 

(33 ci.ays after 50~ silkint;) until the last 5 ;·:eek::> of .'::rain fillinc; ·11hen 

a substantial decline (averae;e of 367'~) ;ms recorded (Fig. 5) . '!'he 

decline was ci.ue to ti:e senescence of t:i.e lov;er leaves caused in part by 

shading and i n part by ;;.obiliso.tion of m.::tri e::ts ( particu:..a:"l.:,· ?:) i':-o::i 

the leaves to the rapidly growi:lg portions of the plar.t . 

expected leaf deat:i. tencicd to be greater in t:te control plots and ttose 

recci ving 84 ke; N/ha Hhere plants St0\·1ed visual N defic~ency sympto:ns 

over the late veeetative a.~d reproductive period. It is consiciereci, 

however, that the arbitrar,Y method used to assess dead leaf (viz . c..ny 

leaf with greater than 50~~ non- green area) failed to r eflect the 

"yellowing" seen in the control and 10>·1est nitrogen plots (Plates 4- 9) . 

The relative growth rate of the leaves, presented in Fig. 6, 

reached a maximum between 35 and 69 days after planting in all treatments . 

It slowed to about half this growth rate over the next 35 days and 

continued to decline through to the final harvest . 

As expected, leaf a rea measurements at harvests 2-6 for the 

various treatments reflected leaf dry weight (Table 3.6) , t hat is , a 

larger leaf area was associated with a larger dry weight . Leaf area 

and leaf area index (LAI) data are presented in Fig. 7 and tables of 

these data are included in Appendix 9(a). At harvest 3 plants receiving 

336 and 672 kg N/ha had a significantly greater leaf area than plants 

r eceiving no f ertiliser . At harvest 4 , however , those receiving 168 
·kg N/ha had a significantly greater leaf a r ea than plant3 from all 

other t r eatments. Nineteen days later, at harvest 5, those plants 
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recei vinr, 1613 ke- N/ha or rnore were oignificantly. c.rrc<:i.ter in leaf area 

Liian plantn from the trealmcnto receivinc less ni troccn. h.t harve<:t 6 , 

however , only those receiving 168 and 672 kg N/ha had a significantly 

ereater leaf area than plants from the control plots . Leaf area was 

not Gi[;T1ificantly affected by time of application of fertiliser at any 

::;taee of the analysis nor were any Bi[,'"11ificant interactions between 

rate and time of application recorded . 

Fie;. 7 also shows the development and maintenance of LAI . LAI 

increases rapidly between harvest 1 and 2 . By 76 days after planting 

(about 2 weeks before 50% silking) all plants had a LAI i:;reater than 4 

which wa::; maintained for the shortest period (82 days) by plants in the 

control plots . Plants rcceivine increasine rates of N maintained a 

LAI greater than ~ for 86 , 105 , 97 and 104 days res~ectively , according 

to N levels . Thus a hiGh LAI was maintained for a period well i nto 

e;rain filling in all treatments . By physiological maturity the LAI of 

plants receiving O, 84 , 168, 336 and 672 kg N/ha had declined by 44%, 
37%, 33'lv, 42% and 35~ of their respective maxima. 

Sheath area was first measured at harvest 2 . 

the following harvests are presented in Table 3.8. 
Data for this and 

The analyses of 

variance for sheath area at harvests 2 , 3, 4 and 5 sho~ed no sii:;:nificant 

response to increasinc levels of ~ fertiliser . At the final harvest 

plants receiving 168 and 672 kl; N/ha had a significantly e;reater sheath 

area than plants from other treatments . 

Table 3.8 

Harvest 
number 

2 

3 

4 

5 
6 

2 
Summary of sheath area per plant (cm ) . 

N rate (kg/ha) 

0 84 168 336 672 

·479 422 470 490 488 

1416 1460 1470 1453 1530 

1578 1495 1598 1511 1501 

1504 1432 1527 1567 1509 

485 541 664 550 692 

+ S. E. for comparison of meo..ns between N rates . 

++ * .05 > p > .01 
n.s. not significant (from ANOVA) 

S.E. + Significance 
level++ 

49 n . s . 

60 n . s . 

64 n.s. 

45 n.s. 

55 * 
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A comparison of the various times of application chowed a 

significantly greater sheath area for plants receiving II at 3 different 

growth stages than those receiving the N at 2 different staees . This 

was evident only at physiological maturity whe!1 a sie-ni ficant 

interaction of N rate and time of application was also recorded. Table 

3.9 presents the interaction effects recorded at physiological 

maturity (Harvest 6) . 

Table 3.9 Interaction effects2betwcen N rate and time of application 
for sheath area (cm ) . 

Time+ of N rate (kg/ha) 
s "' ++ 

application . ""'• 
84 168 336 672 

1 561 737 615 602 86 . 7 

2 436 590 580 624 

3 626 666 454 850 

+see Table 3 . 4 

++s . E. for comparisons between interaction means . 

For both t:i.e lowest and. highest rates of N (Table 3.9) plants receiving 

W over 3 different growth s"tages had a significa!ltly greater sheath 

area than tho::>e receiving X over 2 growth stages . The sheath area of 

plants receiving 672 kg TY/ha over 3 growth stages was also significa."ltly 

greater than those receiving· the v1hole rate at planting. 

9(b) presents the ANOVA for harvest 6 data. 

Appendix 

Sheath area, as expected, increased most rapidly from 69 to 104 

days after planting, when stem groi.,ith was caximal (Fig. 8) . Functional 

sheath area was generally ereatest at harvest 4 (Table 3 . 8) . All 

plants showed a massive decline in functional sheath area over the last 

35 days of grain filling, the declines being greatest for plants under 

N stress. Sheath portior.s were arbitrarily excluded from measurement 

if they had less than 50'1<. green area. 

(b) Stems : from Uay 35 to day 69 , the period of most rapid leaf 

growth, the stems (Fig. 8) were growing at about 25% of their maximum 

growth rate per week. The most rapid increase in stem dry weight and 

stem length took place in the period from day 69 to day 104 after 

planting. By comparison the relative growth rate of the leaf was 

about 50% of its maximum over this period (Fig. 6) . 
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As chown in Table 3. 10 the application of N fcrtiliner had no 

ni r,nific~nt effect on the dry weicht of the stem. No significant 

effect of time of application was recorded nor were tr.ere an.y 

si011ificant interactionc of r ate and time of application shoNn by the 

AHOVA at any growth stage . 

Table 3.10 Summary of ntem dr y weieht per plant ( e) . 

N rate (kg/ha) 
Harvest s. :s.+ Significance 
number level+t 

0 84 168 336 672 

2 17 . 9 14.6 16 .9 17 .4 19. 2 2. 97 n . s . 

3 77 . 8 87 . 4 81 . 2 83 . 5 86 .7 5.66 n . s . 

4 76 .4 77 . 6 81.9 75 . 3 74. 0 3. 84 n . s . 

5 62 .5 59 .3 67 . 3 67 .7 73.4 4. 97 n . s . 

6 51 .7 56 . 5 55 . 2 51.3 60 .9 3. 88 n . s . 

+s .E. for cor:lparison of means between 1\ r ates . 

++n . s . not si&J.ificant (from JJIOVA) . 

It is of inter est to note that ste:n dry •·:eic:ht of pla.'1ts receiviq; nil 

and 168 kg N/ha appeared to maintain a r:ia.ximurn dry weieht for a lone;er 

period than those in the otter treatxents . 

(c) Roots : Root dry i·;eight data were obtained at harvests 1 , 2 , 

4 and 6 for three of the ma.in trcat~ents (0 , 168 and 672 kg N/ha) . As 

shown in Table 3 . 11 no significant differences in root dry weiehts 

between treatments were obtained . Root dry weight reached a maximum 

or near maximum at harvest 4 just prior to r apid grain f~lling. Over 

the grain filling period root dry weights appeared to decli ne under the 

nitrogen treatments . 
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Table 3.11 Root dry weient per plant (g) . 

Harvest i·J rate Ii.ean dry weight S . E. ++ Signi ficar.ce 
number (kg/ha) per pla.'1t+ (g) level+++ 

1 0 0 . 90 0. 434 n . s . 

168 0.76 0 . 371 n . s . 

672 0 . 71 0.461 n.s . 

2 0 13.6 3 . 53 n . s. 

168 8.3 2. 19 n . s. 

672 12.2 4 . 76 n . s . 

4 0 25.3 8 . 27 n . s . 

168 29 . 3 11 . 26 n,s . 

672 29 . 1 8 . 75 n . s. 

6 · 0 25 . 9 10. 11 n . s . 

168 20 . 9 7.56 n .s. 

672 20.5 5 . 05 n.s . 

+mean of 4 replications per treatment . 

++s . E. associated ivi th each treatment mean . 

+++n. s . not significant (from ANOVA) . 

Shoot to root ratios presented in Table 3. 12 show t hat t he ratio 

increases steadily throughout the growth and development of the maize 

plant and was frequently at a higher level in the presence , than in the 

absence of fertiliser N. The notable exception was at harvest 4 , 

refl ecting the considerable increase in r oot dr y weights of the N 

t r eatments r ecor ded at this time . 



Table 3.12 Shoot to root ratios. 

Ha rvest N rate Shoot dry Root dry Shoot/Root 
number (kg/ha) wei ght per v1ei gh t per 

plant (g) plant ( g) 

1 0 1.1 0.9 1.2 

168 1.3 0. 76 1.7 

672 1.6 0.71 2.3 

2 0 47 .9 13.6 3.5 
168 41.4 8.3 5.0 

672 43.5 12.2 3.6 

4 0 198.8 25.3 7.9 
168 209 . 4 29 .3 7.2 

672 183.3 29.1 6.3 

I 
6 0 219. 1 25. 9 8.5 

168 259.9 20.9 12.4 

672 258.1 20.5 12.6 

3.3.3 Dr y '"!e i ~ht Chan ges in Repr oductive Corr:por.ents 

(a) "Husk": "husk" dry we i ghts •·1ere first recorded a.t harvest 

3 (104 days after planting), and are presented in Tab le 3.13. 

Table 3.13 Summary of "husk" dry weight per plant (g). 

N rate ( kg/ha) 
Harvest s "'+ Significance 
number 

. ~ . level++ 
0 84 168 336 672 

3 15.8 16.6 19.4 21.1 24.2 2.06 ** 
4 23.4 21.7 25.2 21.8 22.2 1.99 n.s. 

5 16.4 15.5 16.9 19.1 16.7 1.37 n.s. 

6 14.8 15.2 ·15.4 15.0 17.4 ·0.87 .n.s. 

+s.E. for comparison of means between N rates 

++ t . . f ' t n.s . no s1gn1 ican ; ** P < .01 (from ANOVA). 



At harvest 3 "husk" dry weights for plants receiving 672 kg 

N/ha were significantly greater than those r eceiving 168 kg N/ ha or 

70 

less. This difference, however, had disappeared by the next harvest •. 

The timing of }J fertiliser application had no si b'n ificant effect on 

the 11husk 11 componer.t nor were any significant interactions be ·b:een ?T 

level and· time of application recorded at a.~y harvest . 11::usk" dry 

weic;ht reached a maximum at harvest 4 (beginnin6 of rapid crain 

filline) except for plants r eceivin g 672 ke N/ ha ·11hea the (>T ea test dry 

weight was r ecorded 3 weel<s earlier. During the early grain filling 

period "husk" dry weicht declined rapidly to a similar level over all 

treatments and showed only small c:r.anges thereafter. Par t of the 

decline in dry weir;ht of this portion would have been due to losses of 

parts of tassels and silks betwe8n harvests. 

(b) ££1£: cob dry wei ghts are presented in Table 3.14. No 

si gnificant differonces in dry wei ght with increasini:; N application or 

due to time of application Here shown by the A~:OV.J.. at a":l:J harvest . 1\o 

si Q1.ificant interactions ·betwe<:m N level a.~d time of a ppl icatio11 Here 

recorded at any growth stage . 

Table 3.14 Summary of cob dry \·Je i 8ht per plant ( g). 

H rate (kg/ha) l 
Harvest s '"" + Sigr.ificance 
number • ..i:!... . l evc1++ 

0 84 168 336 672 

3 7.5 9.5 9.4 10.9 . 12.9 1. 74 n.s. 

4 25.4 24.1 28.2 26.0 26.1 1.82 n.s. 

5 26.5 25.4 27.8 29.2 26.5 1.80 n.s. 

6 21.7 25.4 25.7 23.9 26.9 1.53 n.s. 

+s."E. for comparison of means between N rates. 

++n.s. not significant (from ANOVA). 

I 

Rapid accumulation of dry weight in the cob was evident up to the 

"milk" stage of grain development (Harvest 4). Subsequently only 

slight increases were evident with a tendency for a small decline in cob 

dry weight as the plants neared physiological maturity. 

No significant differences were shown by the ANOVA for huskless 

ear length and effective huskless ear length (portion supporting grain) 

at 127 and 146 days after planting, but at physiological maturity all N 
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treated plots had a sienificantly greater cob length than that of 

plants from the control plots. However, only plants receiving 672, 

336·and 168'kg N/ha had an effective cob length Si[rlificantly greater 

than that of plants receiving no fertiliser. Another cob component of 

interest viz. the percentage of t,-rain filled, showed no si ,,-.:nificant 

differences over the last three harvests. 

(c) Crain Co~ponents: The response to increasing rates of N in 

terms of total grain yield per plant was not significant as discussed 

in Section 3.2 (Appendix 5). No component of grain yield (grains/ear , 

row number/car, grains per row) sho;.;ed a signficant response to 1\ 

fertiliser. Table 3.15 shows data for these components of grain yield 

at physiological maturity. 

Table 3.15 Summary of components of grain yield at physiological 
maturity. 

N rate (ke/ha) 

Component Significance 
level+ 

0 84 168 336 672 

Grains/ear 474 503 493 487 504 I :-•• s. 

Grains/row 34 36 35 30 36 n.s. 

Grain r01·1s/ear 14 14 14 16 14 n.s. 

+n.s. not significant (from ANOVA). 

The changes in dry matter content with time for leaves, stems, ears 

and "husks" are presented in Fig. 9. At physiological maturity, plants 

receiving no fertiliser N had a significantly greater leaf dry matter 

content than plants receiving 336 and 168 kg N/ha (ANOVA, Appendix 10). 

Plants receiving no N fertiliser and 84 kg/ha had higher dry matter 

contents at physiological maturity than plants from other treatments. 

Stem dry matter contents showed similar trends, with those plants 

from the control and 84 kg N/ha treatments having as high or higher dry 

matter contents as those plants receiving greater rates of N fertiliser. 

This was apparent from 69 to 127 days after planting and again at 

physiological maturity. At 104 days after planting, those plants 

receiving 84 kg N/?a had a significantly greater stem dry matter content 

(ANOVA, Appendix 10) than plants from other treatments. At 127 days 

after planting these plants continued to have a significantly greater 
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dry matter content than pla.~ts from all other treatments except the 

controls (Fig. 9) ( AJ:JOVA , Appendix 10) but thereafter differences were 

no longer significant. 

Ear a...-1d "husk" dry matter contents increased in a nea:- linear 

fashion v:i th time. · No significant differences in response to 

increments of N fer tiliser were recorded so only the two extreme 

treatments are presented. for these components in T-'ig. 9. The dry 

matter contents of the ear at physiological maturi t,y rane;ed from 55 to 

57~. 

3 .5 '.f'O'J'AL PLANT NITROG:'."JJ 

As shown in Table 3.16, the total N accumulated in the s hoots of 

the maize plants increased with time reaching a maximum for all plants 

at physiological maturity (Harvest 6). 

Table 3.16 Yield of N in the whole shoot (kg/ha). 

N rate (kg/ha ) 
Harvest s Ti'+ SiQ1ificance 
number 

. ...., . 
level++ 

0 84 168 336 672 
' 

1 4. 8 4. 9 4.4 4.8 5.7 0.71 n .s. 

2 106.5 95.4 121.2 127.8 139-7 13.47 * 
4 185 . 9 205 . 9 273.6 277 .7 289 . 8 17 .18 ** 
6 227.2 256.4 281.2 300.e 355.4 16.81 ** 

+ S.E. for comparison of means between N rate~. 

++n.s. not significant, * .05> P> .Ol, H· P < .Ol (from AJWVA) . 

At harvests 2, f;. and 6 (69, 127 and 180 d.ays after planting), 

increases in total N were generally detected in the maize shoots 

(Appendix 11) with increasing rates of N fertiliser. The timing of 

the ni troeen application, however, had few significant effects on total 

and component yields of nitrocen in the plants (Appendix 11 and 12 for 

examples). A significant interaction between N rate and time of 

application was recorded at harvest 4 (Table 3.17). 

At harvest 2 only those plants receiving 672 kg N/ha had accunulatcd 

a significantly greater amount of N tha..'1 the control plants. However, 

by harvest 4 plants receiving 168, 336 and 672 kg N/ha had all 

accumulated significantly greater amounts of N than plants in the 

control treatment and those receiving 84 kg N/ha. At physiolo_gical 
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maturity plants repeivinG 168 kg N/ha or greater had accumulated 

significantly greater amounts of N than found in pla..'1.ts receiving no 

1'J fertiliser. 
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Data presented in 'l'able 3.17 indicates that at harvest 4 plants 

recei vine 84 kg N/ha split over 3 times of application had a 

significantly higher total K content than plants receiving the rate as 

one. dressing at plant inc , or split equally between a?plicaticns at 

plan ting and after six weeks growth . 

Table 3.17 

Time+ of 
application 

1 

2 

3 

Interaction effects between N rate and ti me of application 
for total N content (g). 

N rate (kg/ha) 

S.E.++ 

84 168 336 672 

190.5 273 .6. 300.8 331.6 26.42 

171.0 291.4 301 .7 277 .3 

256.2 255.7 230.7 260.4 

+see 'i'able 3.4 

++s.E. for comparisons betHecn interaction r;,ea.'1s . 

Fig. 10 indicates that the uptclce of N is rela tively rapid in the 

early vec;etative period and. sho-.vs a decline in rate i·Ji th ti:o.e. 3:; 

compari .son dry matter accumulation is initially relat ively slo'::er but 

increases at a :'aster rate during the mid-growth period, then declines 

in rate approaching the final harvest . For example, at harvest 2 the 

shoot had accumulated 39% and 47% of its total nitrogen b~t only 16% and 

19% of its total dry matter in treatments receiving no nitroeen and 

672 kg N/ha, respectively. Ho1vever, by harvest 4, while ni trot;en 

yields had doubled, dry matter yields had increased almost 5-fold. 

Fig. 11 shows that the trends are similar for the . intermediate N 

treatments. This early uptake of N is stored mainly in the leaves 

which are growing rapidly at this time, 1vhereas at later stages the grain 

compone~t becomes the increasingly dominant storehouse of nitrogenous 

compounds. Fig. 11 presents the actual amounts of N in various plant 

components and the total nitrogen yield at harvests 1 1 2, 4 and 6. 

The data for all treatments presented in Table 3.18, indicates 

that the rate of uptake of N is most rapid during the period of intensive 

vegetative growth prior to tasselling. 
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Table 3.18 Nitrogen uptake per day (kc/ha). 

~·J rate (ke/ha) 

Period 

0 84 168 336 672 

Planting to Earvest 1 
0.14 0.14 0.13 0.14 0.16 (35 days) 

Harvest 1 - 2 2.97 2.65 3.43 3.63 3.95 (34 days) 

Harvest 2 - 4 1.38 1.91 2.63 2.59 2.59 (58 days) 

Harvest 4 - 6 0.77 0.94 0.13 0.43 1.23 (53 days) 

It is of interest to note the very substantial dro p over the period of 

rapid grain filling to physiological maturity (Harvest 4 - 6), 

particularly in those treatments receiving inter~ediate levels of 

nitrogen application, 168 and 336 kg X/ha . 

I 
l 
I 

I 
! 
I 

I 
I 

I 
l 
I 

I 

Over the major grain filling period (127 - 180 days after plaat i~g), 

leaf K content declined rapidly in all treatr.ients to abo'.lt 40-6a;: of 

their values at 127 days after planting. So~e of the N loss would be 

due to that included in the "dead-leaf" fraction (not measured) but 

most of the loss \·JOuld be due to translocation of stored leaf N to the 

rapidly gro\ving grain. No sicnificant differences in leaf N cont ent 

was shown by the ANOVA at harvests 1 and 2. By harvest 4, however , 

plants receiving levels of 168 kg N/ha or greater possessed 

significantly greater leaf N contents than those receiving 84 kg lx/ha 

and no fertiliser N (Appendix 12). This relationship also applied to 

plants receiving 168 and 672 kg N/ha at harvest 6. There was also a 

significant interaction between N rate and time of application at 

harvest 4. Table 3.19 indicates that this interaction was contributed 

to by those plants receiving 84 kg N/ha over 3 times of application 

having a significantly greater leaf N content than those receiving 

this rate split equally between a planting application and one 6 weeks 

later. Also, plants receiving 168 kg N/ha over 2 times of application 

had a leaf N content that was just sit;l'1ificantly greater than those 

receiving the rate over 3 times of application. 



Tab:!.e 3. 19 

'l'ime + of 
application 

l 

2 

3 
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Interaction effects between N rate and time of application 
for leaf N content (g) . 

N rate (kg/ha) 
s '!;' ++ . ..... . 

84 168 336 672 

0.64 0. 93 0.80 1.07 0. 101 

0. 58 1. 05 1.00 1.00 
0. 82 o. 83 0. 92 0.95 

+see Table 3. 4 

++s . E. for comparisons bctt·1een interaction rneanG . 

Analysis of variance of stem N content data at harvest 1 sho:·ied no 

sienificant differences but at harvest 2 those plants receiving 672 

kg r-:/ha had a significantly greater N content than tti.ose r eceiving 84 

kg N/ha and no fertiliser X. At harvest 4 tr.e a:-:.alysis of variance 

sho· .. :ed the same significa nce ~oupi!1gs as d.escribed :'or leaf :: conte;;t 

at this time . A siQ'lificant interaction bet:1een ;~ rate a.'1d tir.e of 

application was also show:i by tr.e !i.::ovA . ?.y ha::-ves-r; 6 , r,o·..:c·Je::- , only 

:?lants receiving t:he l'~i cl·. est t ~ y (672 ' ''/• \ . d ra e 01 " .q; 1\ !la J !la sicnifica::tly 

grec:-ter: ste;n !J contents than pl~ts rcceivinc 84 t-~g ~;/ha and no 

fertiliser ~r . D.:tta presented. in ~'able 3. 20 indicates tha" .. tr.c 

sic(lificant interaction rccord.ed at harvest 4 t,·a s contri'.Jutcd to ty 

those plants recei vii:g 8'1 kc X/ha split over 3 times of application 

having a sign::.fica.'1tly greater stc:n X content thn.n those plants 

receiving all the rate at plar.tinG• A:!.so , pla.'1ts recei·Jing 336 l;:g 

N/ha at planting and over 2 ti:nes of application had a significa:-.t l y 

greater ste:n N content than those plants receivi(lg the N over 3 tir.:es of 

application . Plants receiving 672 kg N/ha at planting, as well, had a 

significantly greater stem N content than those pla.-:ts receiving N over 

2 or 3 t i mes of application. 
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Table 3.20 Interaction effects between Ii rate and time of application 
for stem N content (g) . 

Time+ 
N r ate (kg/ha) 

of s ""++ 
application . ~ . 

84 168 336 672 

1 0.24 0.59 0.73 0.87 0.091 

2 0. 29 0. 46 0.71 0.53 

3 0.44 0.50 0.43 0. 59 

+see Table 3. 4 

++s .E. for comparisons between interaction means . 

At harvest 4 there \·Jas a tendency (Fig. 11) for plants receiving no 

N fertiliser a.."ld 84 kg H/ha to have a hie;.11er proportion of their total 

N content in the grain, than in pla."lts from other t r ea.tme:-its . 'l'l:is is 

reflected to some extent in the lower proportion present in the cte~s 

of plants receiving no :;.~ertiliser l·Y and 84 kgN/ha (Fif;. 11) . ~hese 

differences in g-rain N content , however, did not reach sic;:1ificance . 

At harvest 6, hm.;eyer , plants receiving 336 and 672 kg Ii/ha had a 

significantly hig71.er grain :-r content than plants receiving 84 ~g r:/ha 

and no fertiliser rT. At this harvest (physiological maturity) fror:i 

60 to 67% of the total shoot N, over all treatments, had accumulated in 

the grain . No sig;1ificu.nt interactions bet1·1een N rate and time of 

appl i c ation v:ere recorded at any growth stage . 

Tl-le N ~ontent of the roots was calculated from root dry weight 

data (Table 3 . 11) and root N concentration date (Table c, Appendix 13) . 

These data are presented in Table 3. 21 along with the estimated yield 

of N per hec tare , c ontained in the roots . 
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'l'able 3.21 Root N content and yield. 

Harvest 11; rate N content ~; yield+ 

I number (kg/ha) (g/pla.'1t) (kg/ha) 

l 0 0 . 02 1 . 53 I 
I 

168 0 . 01 1.53 I 
672 0 . 01 1.33 I 

2 0 0 . 17 17 . 9 

168 0 . 12 12 . 1 

672 0 . 23 23 . 9 

4 0 0 . 20 21.2 

168 0 . 21 22 . 5 

672 0 . 38 39 . 8 

6 0 0 . 18 18. 5 

168 0 . 17 18. l 

672 0 . 23 24. 1 

.J,. 

'?.stirr:ated yield of N per hectare contained in roots to a de_i:>th of 91 cm 

These recults indica.te that t.r.e highest H fertiliser application 

tended. to increase the N yield of the roots . 

At physiolo[;ical maturity (harvest 6) the l: yield in tne roots 1 as 

a mean over the three treatments, represents 7cfa of the total pla."lt 

(shoot + root) N yield~ 

Over the r:iajor grain filling period (Harvests 4 - 6) cob and "husk" 

N contents declined by about 50% (Fig. 11) . At harvest 4 the "husk" ~{ 

content · of Plants receiving 168 kg N'/ha were significantly greater than 

those from a l l other treatments, except receiving 672 kg N/ha. There 

was a lso a significant interaction between N rate and time of 

application r ecorded for "husk" N content at this harvest . At later 

harvest.s these differences disappeared. This significant interaction 

was contr ibuted to by those pla.."lts receiving 168 kg N/ha split between 

an application at planting and at 6 weeks growth , having a significantly 

greater "husk" N content than those receiving all the rate at planting. 

Also plants receiving 336 and 672 kg N/ha at planting had a significantly 

greater "husk" N content than those receiving these rates over 3 times 

of application. Plants receivin~ 672 kg N/ha split between a planting 
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application and one at 6 weeks, alco had a significantly greater "ilus/:11 

N content than those r eceiving this rate over 3 applications . ~~e 

relevant data are presented in Table 3. 22 . 

Table 3. 22 Interaction effects between " rate and t:.:ne of application 
for 11husk11 N content (g) . 

Time+ of 
N r.J.te (kg/ha) 

s ':;' ++ 
application 

. ....,. 
84 168 336 672 

1 0. 21 0. 23 0. 31 0. 29 0 .044 

2 0. 16 0 . 35 0. 23 0. 29 

3 0 . 21 0. 32 0.18 0 .17 

+see Table 3. 4 

++s.E. for comparisons of interaction :.ieans . 

No sicnifica.'1t differ ences ;·1ere recorded for cob :; co!'nent, out 

over the major part of g-rain filling t~e 1·~ co:i.ter:t declined at dif:~crent 

rates over the v arious ~; treat:.icnts . Conseqi..:cntly at harvest 5 only 

plar.ts· receiving 336 kg 1~/:ia ti.ad a si.;nifica;·,tly hig::er }; con-';e!'lt tr.an 

those receiving 84 kg :~/ha and. no :ertiliser, v:hle at harvest 6 only 

plants receiving 672 ks };/ha showed. tbs r elationship. 

(a) Ve~etative Co~poncnts : 

( i) Leaves a.-:.d. Sterns : - Dur in.; the first month of crowth the 

concentration of N (!';%) in the l eaves and ste:r,s reached a hi gh level of 

3. 5 to 4.CYfo. Thereafter N concent ration declined steadily as the 

plants continued to f70W and develop throuc;h to grain rnaturi ty , as sho•m 

in Fig. 12 (data in Appendix 13 ~ables (a) and (b)) . Apart from only 

one occasion the N% in the leaves was also consistently higher t!",a.n that 

in the stems , t hrouchout the experiment. The rate of decline, hoirnver , 

was noticeably greater in the stems than the leaves . By harvest 4 the 

concentration cf N in the stems had plateaued at a level less than 1% 
while that of the leaves was still close to 2% or greater . 

The effect of nitrogen fe~tiliser application on leaf N 

concentration , was first in evidence at the second harvest (69 days 

after planti ng) when all nitrogen treatments sho·.ved a. significant 

increase i n N% conpared with the control . By the 4th harvest the 
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sicni fican t superiority of 84 kg ~I/ha over no ni tro.:;en had 

G.isappeared . The remaining nitroccn treat~ents maintained thP.ir 

hi r.her ni trot;cn concentration in the ·plant , compared with the control 

treatment , through to the final harvest and in so~c instances were 

sicnificantly superior to the 84 kb N/ha treatment . l!o effect of 

time of application of H was evident at harvccts 1, 2 and 6, but at 

harvest tl plants reccivin1; ni troecn at plant)nc and D.t ni.x weeks 

showed a significantly r;rcater leaf l·;~ than those rec civin~ N on three 

occasions. Appendix 14 contains the appropriate A~:OVA . No 

sicnificant interactiono between nitro5cn r ate and time of application 

were recorded at any harvest for leaf N%. 
A very similar trend in N% with time was also evident in the 

stem component except that at the final harvest only the highest 

nitrogen fertiliser treatment (672 kg N/ha) was significant ly hi gher in 

N concentration than the control a."ld lower ni troc;en treatr.ients . Ko 

effect of time of N application was recorded at any harvest but at 

harvest 4 a sigr..ificant in-:eraction bet,·;ecn N rate and time of 

application was recorded . ~he sienificant interaction at t his harvest 

·11as due in part to the plat1ts receivbi; 168 .:..nd. 672 kg ~:/"1.a at planting 

havine a signi!'icar.t2.y ~cater ster:: X~ tr.an those r eceivir.g the rate 

over 2 or 3 split dressings . A!so plants rcceiv~ng 336 kG ~/ha a-: 

planting or split between a planting application and one afte r 6 ~ee~s 

growth had a significantly .?'eater stem ~J concentratio!1 than those 

receiving the rate over 3 ti~es of application . 

are presehted i!1 Table 3. 23 . 

The relevant data 

Table 3. 23 Interaction effects betwean N rate and tir.ie of application 
for stem N concentration (~) . 

Time+ 
N rate (kc/ha) 

of "' E ++ 
application 

>.) . • 

84 168 336 672 

1 0.35 0. 79 0. 90 1.05 0. 098 

2 0.41 0.56 0.89 0.79 

~ 0. 52 0. 55 o. 66 0. 82 

+see Table 3 . 4 

++s.E. for comparisons between interaction me3.ns . 

( ii) ~oats:- The nitroeen concentration in the roots, also 

generally declined with time (Fig. 12) (data in Appendix 13 , Table c) 
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fror.i t~e first harvest. Cnl;-;' at the !"!j G:iest rattJ of appli c<:i.tion of 

ni troccn fertiliser ( 672 kg K/ ha) \·:as there a nic1ifican t a..'ld 

consistent increase in the ~~ of the roots. Time of appl~cation of n 
was not cons idered for this component. 

(b) Reproductive Co~ponents : 

(i) Cob: - As presented in Fig. 13 the ~·I conc entratio!1 of the 

cob \"laS less than 1% in all treatr.icnts. There appeared to oe a 

similar decline in N% during the peri od of r apiu LT~in filling (Harve~t 

4 to 5) whether in the presence or absence of ni tro.::;cn fertiliser, ·but 

thereafter there was little change . . There was no significant increas e 

in r~% to even the highest rate of nitrogen application . At harvests 5 
and 6 t here were no sienificant effects of time of a pplicat ion on cob 

N~ but as harvest 4 plants r eceiving all thc i:::- N at planti !'lg h~d a 

si01ificantly greater concentration than those r eceivi ng it as a s plit 

dressing at planting and 6 wee:·:s later. 

were recorded. 

r:o si gnifica.'1t interactions 

(ii) "~iusk" :- rm 1 · · - 1 ' · t l ,.,.,, .e> lnere was 2.. ne[;-lglO e C:'..2.."l(;e 1!1 .1e ;;>J 0.l 

the "husk" with time in the control treat:nent, r e:::aini Y-.g at a level a 

little b elow l~~I . Ho>·iever , tl:.e ap?lication of 168 and 672 :.::..;; ~;/t.a 

caused a sigr:ificant increase i!'l ~~)-~ of "che husk i n i "cs very earlj' stage 

of development , compared to pla.'1ts receivi:i5 84 ,:5 :;/ha and !'lo 

fertiliser l'; , but this difference declined and n<.id C.isappeared by the 

f . lh -'-("" 1"') ina arves" · .•1g .... .) • 'I·~o si[;aificant effect of time of ap~lication 

of N was recorded for this cor.iponent , nor were the interactions of ~ 

rate and time of application sib!'lificant at an.y staee of tr.e anal;/sis . 

(iii) Grain :- As in t he cob compo:1ent, N% of the grain 

showed a marked decline during.the period of rapid. 17ain filling 

(Harvests 4 to 5). Thereafter the N'/; levelled off a.'1d showed little 

change over the period of maturation to final harvest . The application 

of nitrogen fertiliser caused a significant increase in the nitro&en 

concentration of the erain as compared with t he control, at harvests 4, 
5 and 6 but at harvest 5 the eff ect was limited to rates of application 

of 168 kg N/ha or greater and at harvest 6 (physiological maturity) to 

the .two highest rates of application (336 and 672 kg N/ha) (Fi g . 13) 

(data in Appendix 15). No significant effect of time of application 

of !~ was recorded at harvest 4 and 6. At harvest 5, however, plants 

receiving N split over 3 times of application had significantly greater 

grain N concentration than those receiving all the rate at planting or 

split equally between planting and after 6 weeks of grm-;th. A 
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~.:~10 recorded ~:t ht.:.rvcc·~ ( . ':'i'1i::; inte r ac t ion 1·ra::; contri~~1tcd to by 

'
1 )1)"'0 -]·,...,•r TCC"l.''l. '.l '", o,,',· '.',· ;: '1·,1/J1,"' 0'/" r " 'D"'1 1° C",~O'l tJ· ""'~ h . " \ " , l ' · ··' ,,, "' ' U _ ·• - .) . c. l'-" <-· o. . r .. ·~<> • "l.Vlne a 

!;i.:;nificantl,y crea"'.;cr CT' •i n Ir C0!1Ccn•ur:-cLio~ "'.;han those rcceivine all the 

Al so , plo..nto rec civi:~-; 168 :-:r.; ;:j:10. a t pl .:tritinc :-.ad 

<:t. oicni ficD.ntly [,rre;:i.tcr 1::::-d :1 i·: conccntr.::.tio:1 th;;.!: "'.;hose plar.ts r ec ei v :..ng 

Lhi::; l'<:1!oc over 3 ti r.:c::; of .:ippl i cati on . 

relevant clata. 

~able 3. 24 cor.t~ins tho 

Table 3. 24 I:1tcraction effect::; oet:·iCCn ;~ r ate and ti;;-.c o:' appli cc:ti or: 
fo r crain ?r concentra·~ i on (~~·) . 

Ti me+ of 
fT rate· (kg/ha) 

C," .., ++ 
appl i cati on 

i...) • .:!.J. 

84 168 336 672 

1 1. 22 1.49 1.56 l.G7 0.074 
2 1.37 1.40 1.50 l.52 

3 1.50 1. 29 1.61 1 . 51; 

+s ec Taol e 3. '1 

++s • .E . for c omparisons b ct•:cen inter action means . 

3. 7 R'EX:CVIBY OF F''S:1TILJSE.:1 ?~ITitOGiZN 

The percentaee of the :1itroccn fe r t iliser r ecovered by the ~aize 

pl ant rel a tive t o the contr ol plots a t h a rvests 4 a nd 6 is presented in 

Table 3. 25 . 

Table 3.25 Recovery of f ertiliser N (%). 

N r ate (kg/ha) . 
Harves t 
number 

0 84 168 336 672 

4 - 24 52 27 15 
6 - 34 32 22 19 

Recovery of fertiliser N \-rould. b e ex pec t ed to inc r ease with time 

since the uptake of N was continuous over t he growth cycle (Table 3.18). 

However, this was only true for t he lo~\lest and t he hi ghest rate of N as 

the intermediate rates (168 and 336 kg N/ha) showed a decline in % 
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r ec overy over the 17.:li n filling and mo.turn.ti on period . ~·Ii th 

incrca:::;ing rates of fcrtilicer N, dependinG on the pl ant ' s capaci7.y to 

absorb increasing qun.nti tic::: of av<lilablc ;~ , it is likely that '{., 

recovery would decline . 'l'hi s is not the case at harvcc t 4 (grain at 

"milk" ::::tc:i.cc of development) due to the unusually hiGh recovery by 

plants receiving 168 kg N/ha. At harvest 6 the expected pattern is 

followed . 

3. 8 cm.o:WPHYLL CO!:'i':S:·~'l' 

An attempt was made to estimate , by chlorophyll extr action 

(Appendix 3) the visual N deficiency sympto~s evident in plants 

receiving 84 kg N/ha and no fcrti liser rr. Plates 4- 9 ::;hoi1 evidence of 

these colour differences at tasselling a.'1d silkinc, come 9 weeks prior 

to an<llysis . Photocraphs in the field and of selected plants show the 

striking "V" s haped leaf-tip death (Pla tes 4 and 6) and the li e hter 

colouration of the leaf ru1d stem portions of N deficient plants 

(Plates 4 and 6-9) . Table 3.26 s ummarises t he results of the chloro-

phyll extractions . 

The data presented cho· .. ; that tr,e application of fertiliser ni troi;cn 

increased t he chlorophyll content of the leaf. 

Table 3. 26 Colour ccnsity after extraction in ethanol . 

N rate (kg/ha) 

0 84 168 336 672 

Colour 2.05 3.05 3.41 3.51 3.81 density 

L.S.D. (.05) = .592 

Hhile there appeared to be a further increase with further additions of 

N fertiliser, this trend only reached statistical significance when 

comparing the high~st with the lowest rate of application. 
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4.1.1 Grain and Total Dry Katter Yields 

The range of total shoot dry matter yields at maturity (24,000-

29 ,000 ke/ha) and grain dry matter yi elds (11,000-14, 000 kg/ha) 

(Table 3. 4) i s similar to that pr eviously reported for the l·:ana·,iat u by 

Edmeades (1972) . Menalda and Kerr (1973) obtained si l age yi elds of 

20, 900 ki;/ha after 156 da.ys c;rowth of the cul ti var PX610 in the samC) 

locality and ceacon ac the precent experiment , but with minimal 

irrigati on. In the warmer , more northern areas of New Zealand total 

c;rain yields in the recion of 9,400-15, 700 kg/ha have been reported 

(Cumberland et ~' 1971 ; Douclas .£! a l, 1971; 1972) and in the South 

Island (Canterbury) Jai:;usch and Hollard (1974) have reported a dry 

matter yield over 150 days of 29,000 kg/ta. These dry matter yields 

are considered hi gh by world standards (Cumberland~ .§1., 1971; 

Edmeades , 1972) . In ar eas such as the r::anawatu , where dry summers may 

occur, varying amounts of irrigation water may be required dependi ng on 

s oil characteristics, in order to produce yi elds of this magnitude . 

Commercial maize c;rowers using mechanical harvesting techniques have 

obtained grain yields in excess of 121 500 kg/ha in so~e ~aize growing 

areas of ~i°eH Zealand, for exa;:iple , in the Gisborne a'1d. 1·:aikato districts . 

4.1.2 Dry Y.:n.tter Accu.r.iub.t ion and the ~;itrogc!I Respo::sc Curve 

Fig. 4 indicates that with tirr.e dry matter tend.s to accurr.ulate in 

an exponential fashion, from about 70 days after pla.'1.t ing (23 days 

before 507'.i s ilki ng) until about 130 days after planting (37 days after 

50%· silking ) when the rate of i ncrease ·oegins to noticeabl y decline as 

the upper asymptote or maxim~~ accur.iulation is appr oached . Over t hi s 

60- 70 day period, which includes the change f rom vegetative to 

r eproductive growth, the stem contains the hi ghest proporti on of the 

total dry matter accumulated , the l eaves representing the next highest 

portion at about half t hat of the stems, over the various N treatments 

(Fig. 5). From day 130 to day 180 after planting (physiological 

maturity) dry matter is accumulated in the grain at a r apid rate , there 

being only a small proportion (14-16%) of the total accumulation at each 

harvest· present in t he grain prior to this time . 

ANOVA over the growth cycle of the maize plant, at six different 

growth stages, showed no significant differences in the response to 

increasing rates of N fertiliser as measured by the accumulation of dry 

matter · ·(App~ndix 5 conta ins ANOVA of data colle c ted a t physiological 

maturity). This result was unexpected in view of t he efforts ma.de to 
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select a site with a low ~oil N level. It was also possibly due to 

an inadequate discriminatory po1·ier in the analysis of t he response. 

Coeffici ents of vari ation were 28%, 33%, 16%, 13'j~, 14~~ and 13% for the 

main factor (N rate) from harvest 1 to 6. It was hoped that a more 

direct analysis of the t;;ro1;th curves by fitting asy;:iptotics a::.d testing 

the tre<::.tments for significant differences miGht further resolve any 

trends in the data. 'J'his procedure did enable the various trea trr.ent 

responses to be differentiated with reference to their rate of a~proach 

to the potential limit of dry matter production ( uppe r asyr.:ptote) . It 

sh01ved that the rate of approa ch for plants receiving 168 and 336 kg 

N/ha was sit;'11ifica.ntly greater than those in other treatments . 'i'hese 

differences c an be seen by examining closely the upper portions of the 

curves presented in Fig. 4. 

No exact reason can be given for these differences. However, 

data tends to support the groupings described above. As illustrated in 

Fig. 11, pla.~ts receivinc 168 and 336 kg K/ha had by harvest 4 (127 

days afte r planting, just prior to r apid grain fillin1;) acc'\.:f.'lulated near 

their maximum (';yield (97 and 92'/.- respectively) whereas pla::.ts from 
.. 

other treatments had accumulated only about 80'{c of t~e ir respective 

maxima. This is also r eflec ted in a greater percentace recovery of 

the N applied, at harvest 4, by plants receivi::.g 16 8 ar.d 336 kg l·i/ na 

(Table 3.25). Fig. 4 snows that harvest 4 occurs near the stage Hhen 

the curvi ture towards the -...;.pper asymptote fo:- each treatment can be 

dis ti1:guished. Because of the rnar~e:: influence of 1: on the growth 

proc esses , the earlier and &eater accumulation of I:\ in plants receiving 

168 and 336 kg X/ha , ma,y have resulted in these plar.-'.;s reaching a total 

shoot dry matter production closer to their potential than was the case 

for plants from other treatments, before the onset of physi ological 

maturity. Root dry weii;ht analyse s up to harvest 4 s howed no 

differences between plants receiving 0 7 168 and 672 kg N/ha (Section 

3.3.2c), but it is possible that the plants receiving 168 and 336 kg 

N/ha were able to absorb and transport N to the s t oat at a relatively 

faster rate than plants from other treatments. Even though plants 

receiving 672 ke N/ha abs orbed greater overall quantities of N, their 

productton potential of course was higher. However, the amount of N 

required to reach this higher potential was accumulated at a slm·ier 

rate than in plants receiving 168 and 336 kg N/ha, therefore, these 

plants were further from reaching . their potential at physiological 

maturity than those plants receiving 165 and 336 kg N/ha. In plants 

under N stress (those receiving no N fertiliser and 84 kg N/ha) the 
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lack of available N later in the season would have contributed to a 

lower potential dry matter production (Fig. 4) and ~ay have also 

affected the rate of approach to this lower potential . The 

sienificantly greater leaf area recorded at harvest 4 for plants 

receivinc 168 kg N/ ha may have contributed to the ability of these 

plants to approach their maximum dry matter production at a relatively 

faster rate than plants from other treatments, because of greater 

assimi~ate production and its utilisation in growth processes. It is 

also possible. that ·a better "balance" between the various nutrients 

required to produce near the plants' potential under varying N regimes, 

was attained by plants receiving the intermediate rates of N. 

Hanway (1962a) has reported differences in the growth rates of 

maize plants grown in areas of varying fertility, relating to all major 

nutrients. However, it is recognised that N is most important of all 

essential elements in growth and development (Viets, 1965; Allison, 

1973) and that a suitaole balance of essential nutrients is necessary 

(Aldrich and Leng, 1965; Barber and Olsen, 1968; Po;·1ell and '.·/ebb, 

1972). No visual symptoms of nutrient deficiencies, except those for 

N, were detected in the present experiment. The proportions of total 

shoot dry weight in tl:e variol:.s plant components at each harvest sl:.o;-;ed 

little variation between treat~ents (Fig. 5). ::arn1ay (19620) reported 

a similar finding. Tile distribution of shoot ci.ry wei ght at maturity 

amongst the various plant parts were in the range reported in the 

literature (Table 1.1), over all treatments. 

Fig. 3 shows the predicted respo:J.se curve for grain dry weie;ht 

and total dry weight at physiol ogical maturity . Dry \·:eight tenC.ed to 

increase slightly, but not significantly, with up to 168 kg N/ha. 

Indications from the literature suggest that dry matter res ponses 

normally occur with relatively low rates of N fertiliser within the 

range of 100-150 kg/ha, although significant responses from higher rates 

of 200-250 kg N/ha have recently been reported by Jung et ~ (1972) and 

Robertson~ al (1968). With increasing rates of fertiliser dry 

matter responses plateau or may decline when extremely high rates of 

fertiliser are applied. Usually, however, the N content of the plant 

continues to increase with higher rates of N as evident in this 

experiment (Table 3.16). 

Data from this study suggest that soil N was an important factor 

in determining the responses observed. Table 3.16 indicates that 

physiologically mature maize plants in the control plots had a total 
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shoot accumulati on of 227 kg 11/ ha. Soil tcsLc for t otal H on 
0 . ( ) , 9 . u.72 Apper.dix 2 indicated a l evel of 0.1755:, 1l in the top 15 err. of 

soi l. Asswning that a furrow slice (to 15 cm de;-ith) of topsoil weij.3 

2, 240 , 000 kG/ ha ("Buckman .:i.nd Brady , 1969), then th'3 total I! content of 

the plot area prior to planting was about 3 1 920 'tee/ha. The accu;nulation 

of 227 kg rr/ha in the shoot plus an allo:·:ance of appr oximately 20 kg 

K/ ha (Table 3. 21) for t r.e n accu;:mlated in the roots r e;ireGents a total 

uptake in the control plants of 6 . 3~ of that pr esent in the top 15 cm 

of the soil. Ball (pers . co:nm. ) recorded a recovery of 5. 7"f'.> of the 

total soil i': in grass grown i n a legume- free sward fo r one year . 'i'his 

result was obtained in the s arne locality and season and on the same 

soil type . Alli son (1973) has r eported the li kelihood of the removal 

of up t o 67~ of the t otal N in the plou&hed l ayer ( 15 err. depth ) in maize 

grown or. sandy soils low in organic matter , but sui:;c;ests a f igure of 

1 . 5- 3% for the more fertile loam soils . These r esults imply that a 

high mineralisation rate , at least twice as great as the 1- 3% f requently 

reported (Scars·orook, 1965; Kur tz and Sr:ii th, 1966) occurr ed u.'1C:.er t:1ese 

experimental conditions a~~ season ar.d hence tended to maok the ef:ects 

of the X fertiliser applied . T!:e C : :~ ratio of t~e orga:-:ic r es::..C.i..:.cs in 

the present experiment was 12:1 ~hie~ indicates (Scarsbroo~ , 1965) that 

the mine:::-aJ.isation of :; exceeded tt.e i:':l~o'.Jilisc'.!.tion rat~ ( i n microbial 

protein) which would allow a net r elease of ~ . 

The main cri terio!'l used in c:10osinc the site :or t::e :present 

experiment was that ~he soil had a low X content . Ac expec t ed on this 

s andy site t he soi l test !1rior to planti ng ·,.•.;.s relatively low, 

viz . 0 . 175~ N. The soil i·1as also free-d.r:iinir.~ in nat~re a'1d 1 

therefore 1 t.._rell aerated allowing crcater oxidation , Hi th warm surrn:1er 

te:nperat".lrcs (Appendix la) 1 of t he relatively low orc;anic matter level 

present in the soil . The low \·late r - holding capacity of thi s s oil 

necessitated the installation of an irrigation system over the ,.;hole 

plot area. '!'his allowed the effect s of the N fertiliser on the G!'owth 

and development of the maize crop to be studied without t~e complicating 

effects of t·1ater stress at ariy growth stage. Hi&h availability of 

water to the maize plants throughout the growing season must have . 

contributed substantially to t he high dry matter yields recorded 

(Table 3.4) . One mi@lt a lso expect that such an environment would have 

led to an ideal condition for achieving a substantial nitrogen response . 

However , in terms of dry matter yield, this did not occur. 

It is recognised that no reliable soil test has or possibly can be 

developed to predict accurately prior to pla..~ting the degree of 



88 

mineralisation likely to occur as the season progresses . Vario~s 

microbial and chemical tests have been tried (Scarsbrook , 1965; Kurtz 

and Smith, 1966 ; Allison , 1973) out ee!'le r ally the l ab oratory co~ditions 

under which these tests are performed have little applicability to tte 

field si tuatio11 . I n the field, higi ly variable c limati c factors 

( e . g . temperature and r ainfall) and the nature of the r esidues from tne 

previous crop may increase or decrease the actual a.'llount of n that ma.y 

be released by soil microorga..~isms over the growth cycle of the maize 

plant. 

Often no dry matter yield.responses to H fertiliser have been 

recorded when maize crops are grown on soils of hign. organic matter 

l evels ·and therefore high ~T rese!'Ves (Brown , 1966 ; Di crcs on, 1966 ; 

Douglas et al , 1972'; Shukla, 1972). This includes parts of Australia 

and New Zealand where the i ntens ity of cropping has not reached the 

high levels found, for exa.'llple, in the Corn Belt of U. S. A. In these 

latter areas, soil ort;anic matter levels have declined. to low or 

mod.erate levels of around 4% or less (Eucban a.:i.d Brad,:/ , 1969 ; ,\.llison, 

1973; :.:enge l and Barber , 1974a) . I~ the less in tnnsely cropped soi ls, 

therefore, orc;a!'lic r eserves i n general are still rt:latively higi (i:-. 

the region of 8% ort;a.~ic i:"lattcr) al lowi ng for greate:::- rr.iner2.l isati o:l 

d-uri ng the crowing seas or •• 

4.1.3 Time of Fertiliser Applica tion and Pla.T'.t Res~o~se . 

As pointed out by Welch et al ( 1971) i t is necessary to oatai::-i 

considerable increases in yi eld due to N fertiliser, to be able to 

measure differences due to ti:ue of appli cation . Tnis premise is bor ne 

out to a lar.;e extent by the results of the present experiment. No 

substantial evidence was obtained to justify the pr actice of split ting 

the N over several stages of growth. In terms of dry weight response 

there were no significant effects of time of application . Sheath 

area measurements at harvest 6, however , did show a significant 

advantage for applications of N made at three different stages (Time 3 

split, Table 2.1) over that applied in equal proportions at planting 

and 6 weeks later. This may have been an artifact, however, as 

measurement was influenced by an arbitrary decision de pending on the 

proportion of green material in the S~'llple. No i nteractions between N 

rate and time of application of N for dry weight' components were 

considered important. 

In terms of N concentration in plant parts three components were 

significantly affected at two different harvests, by the timing of the 



fertiliser applic ation . . \ 
At harvest 4 (beV.nning of r ap id grain 

fillinc) plants r ec eivin ,c; }; in equal portions at planti ng and 6 ~·;ee }:s 

later had a significantly hi [;her leaf I'J conce:itr ation t han those 

r eceiv ing -3- of the r ate a t each of these time s plus-} at 50~ siLdnG• 

'!'his response may b e rel ated to the pla.."'lts' ability to take up large 

a.rnounts of N (if available ) in the early v egetative cro1..th stages 

( Fig. 10 .:i.nd Table 3. 18) from about 30-70 days after planting. With 

the latter method. of application smalle r amou."'lts of N were available t o 

the plant (per N level) over. this growth period , the finc.i. l -} being 

applied when the uptake rate and leaf rrrowth we:re declining from their 

respective maxima . Cob Ir conc entration at harvest 4 s !l.owed a 

s i gnifi cant increase for plants receiving all t heir N at planting as 

opposed to those receiving N in equal portions at plantine and at 6 Heelr...c 

growth . At this staee the cob had reached almost maximal d ry wei ght, 

but the reason for this particular r esponse is not clear . 

At harvest 5 (53 days after 50% silking) plants receiving the last 

porti on of the ~ rate a t 50% silking possessed a significa:1tly hi g.~er 

(;I'ain N concentration tha."1 plants subjected to all the rate at plar.ting 

or split equally between plant i nt; and 
,. 

~·ieel:s later. 0 It is of 

interest that this OCC'Ll..rred afte r the period of r apid f;Tai:i develop~~ ent 

( Harvest 4 

maturity . 

to 5), but "v he pattern ~ ·: as r.o-C r;;a~ifested at phys iolocical 

One reas on f or applyi::'lG E at 50% sil'.cing •·:as to try a:iG. 

asce.rtain the effc::ct on &rain q:uali ty. The interac t ion between r ate 

a...vici time of r\ appl ication reached Sigr!ificance at t:ie final harvest 

(physiological maturity) d.ue i n pa:t to pl ants receiving 84 kg N/ha ove r 

3 different growth sta5es hav i:ig iJ. sii9"1ificantly greater effect tha..'1 

t hose receiving the whole rate at p:!.anting (Table 3.24) . There is, 

therefore, a suggestion that the late application of N did have some 

effect on the grain ri concentrati on when the application rate was low 

and presumably the need for N high . 

Some further i nter action terms are considered important . At 

harvest 4 (34 days after the last N application at 50% silking) stem, 

leaf and the total shoot N content all showed that the plants r e ceiving 

84 kg N/ha split over 3 times of application had a significantly hi&her 

N content th~n plants receiving the rate as one dressing at plantin ~ , 

or split equally between a planting and 6 weekly application ( Tables 

3.20, 3. 19 and 3.17). It appears that when low rates of N are applied 

(e.g. 84 kg N/ha) and N clcficiency symptoms develop, th0n a significant 

res oonse to a late aoolication of 1'~ is possible as the plant has ... . .... 
insufficient stored 11 to meet the demands of the - developing grain . 
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Hov:ever, for plants treated 1-1i th higher rates of ~; such as 336 ke ~~/ha, 

the oppos ite trend seemed evident . In each of t hese cases ~la~ts 

rcccivinc N earlier in the C"Z'O'r:th (all the rate at pla:1tinc or -t· at 

plan tins and ~- at 6 weeks o: ace) haC:. si.'.3"ni fica:.tly creater !'T ccir:-:'.):-.t s 

t han plant::; r ecei vinG N over 3 split C.rcssinc,-s . ".'!ii s cc:ild oc expl<:.: :-. ed 

by the [,Teater uptake of available :I durine ear ly ero·r,·th (?ie. 10) and 

the sicnificantl;f greater amounts ~a~8!1 u.p (~·atle 3 . 16) ;1i 1.'.-: i:1c::-eased 

availability. Those p:;.ants rccei vine 336 k3 :;/na over .) ti:r.Bs of 

application would have received only 224 kg ::./:ia d.urine; cc.i.rly grm·:-t!: 

corr.pared with the full rate v;!:ich was ava il.::..olc to pla::ts from t::e other 

treatme11ts during this veriod. . This reduced ave.ila.oi lity ~nay r.ave 

contributed to . the lower K content recorded for pl ants from this 

treat ir.ent. The application of the final portion (112 kg 11ha) of ~he 

336 kg r-~/ha ra tc :-.ear tl":c er..d of t!>.e v ece ~a ti vc cro·.,1~h of the pla:i. -c 

(50i~ silkin5) r.~ay have had li ttle e:'fect of tie X content oecaL;.se o: 

the reduced ability of pla..'1tS 1.o acc-...z:iulate ;~ at 

increased reliance oei~s place~ on prev:c~sly stored 

this sta{;e , with 

r..eet the :-.ceds 

o: reproduc~ive devclop~cnt (Loe~hi~s , 1961; Vie~3, 1965) . lJr.G.er 

. h . ... - '"' . . . - . . 3 · t: ' ,-;· h ' -;; ese exper11nt::n.a.:. co::u.1 T,::.or.s pl.3.::·;;s recc::.v1:-.g J0 r~fS : • .r.a . u.a. 

accur:iul a t eci tne rr.ajor part of thei :::- :: (92;~) ·'Jy r.arvest 4 (Fig. 11) . 

Data re:erring to j\ u:,:ita:r..e ( ? ao l€: 3.:8) ar.d. py-e:·ri o·.J.S l.:,· p·.:·clis::E:d. 

r eports ind.icate t~1c.:t it is :..1:-:pcrta!1t for i::i::: 1.:a1:?.e pla:: t to have acce::>3 

to aO.eq·J.ate available ;.; at pla!1ting C!.!1d. dt:r:..:·,G the p'<:!riod of ra?id 

vegcta-:.ive growth, usually a!:Jo·.;.t 6 \·rneks l ate:-, t::e r eq:ui r er.;e::.ts of 

course being r.n:oh g::::-ea"tcr a"t the latte r Grov: th s taGe . Eec.::n.:se of -:he 

apparently exce:;itional conditions for f.'lineralisatior. o: soil I\ (Section 

4.1.2) under the present cxpcrir.:e:-ital conditions c.11 pl2..nts had access 

to an adequate supply of available N during the seedling and early 

vegetative growth stages . This is of i mportance as during the seedling 

stage R availability may affect (a) the number of leaves developed by 

the mai·ze plant during later growth (Aldrich and Leng , 1965; Allison, 

1973) and (b) the size of the leaf area prod1Jced. Along ·,1i th the hig:..'l 

mineralisation rate of soil K and the constant s upply of irrigation 

wate:::-, plants from the control plots were able to prodl:ce a dry matte r 

yield s~milar to those receiving N fertiliser and , therefore , largely 

negated the effect of time of application of N in terms of dry matter 

production and N conten~ . Sufficient N was available from the soil 

source early in the season to enable the plru1ts to produce a hi gh dry 

matter yield. The extra available N provi ded by increasing rates of 

fertiliser affected N content only in that it allowed varying rates of 
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luxury consumption depending on availability . 

Kost published re ports , however, indicate that iI applied l ater 

than the "knee-high" stac;e (about 6 weeks after plan tine) is of little 

bencfi t in increasine maize yields except possibly under high rainfall 

and leachine conditions (e.g. Sravastava et al , 1971, in India). 

'J.'he rapid growth and development of the maize root system (Section 

4 .1. 5(ii)) during shoot growth and its penetration to depths of about 

180 cm (Linscott !,! ~' 1962) depending on soil profile chara.ctcristics, 

would mitigate to some extent against substantial losses of N via the 

lea ching mechanism . Nelson (1956), from a review of the literature, 

indicated that N applied at the "knee- high " stage was more effective in 

increasing yields than when it was applied at earlier or later gro1-:th 

stages. Later r eports of Jung et al (1972) and Deck~rd et al (1973) 

suggest that applications made later in the growth of the maize plant 

may also be made less effective by a lower concentration of the enzyme 

nitrate reductase that is likely to be present in the leaves at this 

stage. This enzyme is thought to be involved in +· v!le reduction of 

nitrate (the form of K r:iost often ac curr.ulated by maize plants , Sectio:-i 

1.4.3) to nitrite which is necessary in the preliminary steps prior to 

the incorpo:-ation of N into a11ino acids and ,t:.roteins ;·1hich are utilised 

in gro1-1th processes (Rossman and. Coo:.::, 1966) . Xitrate reductase 

activity, therefore, may be a dete;.~minant of maize yields, out cause-

and--effect nas yet to be concll.<.Si vely established . Sor:ie of these 

findings may be applicable to tte present ex:;:erir::ent . Also, field 

applications of N to maize plants at stages later than "~mee-high" would 

possibly ne gate the benefit from applied fertiliser due to plant damage 

by the machinery involved. 

Further to the above argu;:ients it has been shown ('l'able 3 .18) that 

the uptake of N slowed c 0ns iderably over grain filling so N applied 

after vegetative growth would probably have less or little effect on 

dry matter production or e;rain quality . It is suggested, therefore , 

that in this experiment a high proportion of the 61-67% of the total N 

accumulated that was present in the grain at physiological maturity 

(Fig. 11) was derived from that previously stored in the vegetative 

tissues·. Reports in the literature indicate that from 50-7C/fv of the 

nitrogen in the grain at physiological maturity is derived from 

vegetative storage (Hanway, 1962b; Jung et&, 1972) and that at this 

growth stage from 65-75'fa of the total plant accumulation may be found 

in the grain (Flynn et al, 1957; Hay et al, 1953; Hanway , 1962b), 

which agrees with the present findings. 
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The rapid accumulation of 1~ durine the pc:-iod from 35-69 dayo 

after .planting (Table 3 . 18) did not see~n to be affected by an 

unseasonably cool December in 1972 (Section 3 . 1) althov~h the time to 

tassellinG and silkine was probably del<lyed by 1- 2 ;:eeks. Shaw ar.d 

Tho~ (195la) note the possibility of cool temperatures causing a delay 

in the occurrence of this 5--rowth sta5c . This abili t_y to store ll 

during- early erowth , even d.urinc a period of cooler temperatures , rr.ay 

h~ve contributed to the ecneral lack of advantace found for splitting 

of the N application (Gerdel , 1931 ; Viets , 1965) . In thio expcri~cnt , 

approximately 42% of the total N over all treatments had accumulated by 

69 days after plan tine but only 16% of the total dry matter (Fie. 10) . 

'l'hc wor~ of Hanway (1962b) in Iowa U. S . A. supports the contention of a 

delay in dry matter accumulation. 'rhis wo:-ker found that over a 

nu;nber of fertility treatme:its , at about 65 days after planting , 465~ of 

the total N had accumulated in the maize plants alone with 24% of the 

total dry matter. Edmeades (1972) recorded a time of 70 days for a 

late maturing cul ti var to reach 50'/.i tasselling when planted in r.iid­

~rovember in the same locality. T!lis ;1as equivalent to 520 effective 

deGree days in the 1969/70 season as cor.:pared with 579 (Table 3 . 1) in 

this study. 

4. 1.4 ~:i-cro ;::c ::. FertiEser, Le3.f Arc~ Index ar.d L.:ir. c::-evi7._v o: t'.:e :='hoto­
s.vnthetic A!'ea. 

The dc:i.ta. prcser.ted in ng. 7 sho'•IS that the le.:i.f area index (LAI) 

of the :naizc plants fro:n all plot s reacted. a rela';ively !".i ;;':: valac o: 

4 during rapid vesetativc growth about 70 days after pla.ntinc. By 104 

days after planting (11 days after 5~ silking) the pln.n';s ~ro~ all 

tr ea tmen ts had a L/,I c;reo. te:::- than 5. 'I'hi s ·,1as ::ear the end of 

vecetative growth . Perc entage cbsorption of solar radiation and c~op 

growth rate have been shm-m by :villiailS et al (1965b) ancl Allison (1969) 

to increase with LAI in Lhe reeion of 4 to 8 over the vegetative growth 

stages . A LAI o!' 4 or ~eater was maintained by all the maize pla.-:ts 

for a relatively long perioc;i extending well into grain filling. 

However , this period v;as longer for the plants receiving higher nitrogen 

applications than for those in the control and lowest nitrot;en 

treatme~ts where visual N deficiency symptoms were recorded . For 

example , plants exhibiting these symptoms maintained a LAI of 4 or 

greater for 12 weeks including 9 . 5 weeks over the grain filling period. 

Plants receiving 168 kg N/ ha maintained a LAI of 4 or greater for 15 

weeks , 12 of which covered grain filling. 

The leaf area duration (LAD) of 9 . 5 weeks after fl01-1ering found 
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in this study for plants erown at a populati on of 96 1 900/ i-,a and 

receivin g low rat e3 of X or no N fertiliser, is lancer t~an has been 

rc;_)ortcd by r:iost other worke r s . ~or ex<implc , it is aoout 1 •,;ec~ longe r 

than th:~.t re ported by Allison ( 1969) working in Rhodesia and 2-3 ·r1ecY:s 

lancer than that r eported by Eik and Hanwa,y (1965) in Iowa U. S. A. 

Adelana and Milbourn (1972) wor~ing i n a cooler climate in Southern 

1'.:n,zland reported u. similar ficurc . 

r an;_;inr, I'rorn 110,000 to eo , ooo/ha . 

These plants Herc f_jrown a t denai ti es 

:SClmc<idco (1972 ) n.luo found an 

incrcaaccl lc.:i.f J ongcviLy ( 10 wce:ko in total ) for two cu) tiva.ra [,TOim at 

75,000/ha in the M<J.n.:i.watu. Under :;cw Zeal and condi tiono where no 

rapid temperu.ture decline or shortening of the photoperiod i s experienc ed 

wi ih the approach of the autumn , leaf life appears to be main t ained :..Ji th 

continued Gr<l.in fillinG ivell into the autwnn ( Edmeades , 1972) . Such 

conditions are in contras t to rapid climatic chanecs experi8nced in the 

autumn of continental climates. Comparatively disease free conditi ons 

in this country also helps sustain leaf life (Ed.meades , 1972) . 

It is suggested that the ;-;iaintcnance of a high LAI over the major 

part of ~ain filline was an important determinant in the high grain 

dry matter yields recorded (Table 3 . 4). Others have noted its 

importance in t he prod.uctio:1 of a hi::;h grain yield (Sayre , 1948; 

Allison and lfatso:1, 1966 ; Ha:n.;ay, 19620) . In this study , fror:i 

18. 2 . 73 (11 days after 5CY;~ silking) until 13.4. 73 and up to 1.5 . 73, 

when t he major part of grain filling had ta:rnn place, a LAI of beti·ieen 

4 and 6.14 was mainta ined over all treatme:its (Fi g . 7). 

As well as the actual size and durat ion of th e l eaf area, the 

efficiency (net assimilation rate, NAR) of the leaf area in producing 

grain dry matter should be considered. Data presented in Appendix 9(a) 

indicates that a maximum leaf area comparable to those receiving hi gher 

rates of N was possible for plants receiving 84 kg N/ha or no N 

fertiliser (al though the soil supply was high, Section 4 . 1.2) . Grain 

yields, however, obtained at harvest 4 to 6 (Table 3.4) showed no 

significant differences which probably indicates that the NA.rt of the 

1 eaves was not affected by increasing N rate. Reports of Watson ( 1963) 

and Hanway (1962a) suggest that Nfu~ is little affected by plant 

nutrition and that N fertiliser usually has the most profound effect on 

dry matter production by increasing leaf area. Contrary to this 

argument, Gerdel (1931) Rnd Nunez and Kamprath (1969) su~gest that 

relatively low rates of N fertiliser (about 100 kg N/ha) is usually 

sufficient to produce maximum leaf area, equivalent to that attained by 

plants receiving higher rates of fertiliser. The plants receiving the 
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hieh rates of N, hO\·:ever , uGually produced a hi ctier t,T a:!.n yield due 

to a hit;her ~An . The pre::::ent results support in part both of these 

arcur.1cnts . Al thoucn sic1ificant difference::; in leaf arc:.:i. were evident 

in this experi ment this did not result in si0~ificant differences in 

gr.:lin and total dry rr.atter accumulatio:1 ''i t!1 increasinG :; l<;)vels . 

!Io\·;cver, the rate of appro~ch to the upper limit of dry matter 

production was certainly affected (Section 4 . 1 . 2) . 

'l'he appearance of visual 11 deficier.cy oyr:iptor::s in plc;..1ts rece1'ri!1g 

no fertiliser and 84 kg ~;/ha had only a slic;ht effect on th~ dry r::atte r 

production of these plants . This could be related to inc fact tnat 

the deficiency manifested i t:::;elf after the period o:f most r apid leaf 

growth and , therefore , probably had a reduced effcc't on leaf area 

production and LAD (Ham~ay , 1962a) . The a-bsence of water stress at any 

growth stage may also have lessened the usual impact of this condition . 

The shading of leaves lower in the canopy may have reduced the 

potentio.l c;rain productior. of the ?la:1ts wi 'th high :: contents (those 

r eceiving 168 kg :·;/ha or c;rea ter) to nearer 'the l evel o: t::ose receiving 

the lower ra.te oc no :; ferti:!.iser . Tt.is co·..:.ld. ';)e tr.e res·.il t of 

reduced leaf !'1i trate reduct.:.:::;e act: vi ty, si:-:ce i -cs :-t:.::ctior. is !)ro'babl:l 

light d.epender.t (::z.ccr.!a..1 a."1d. ?le3l:er, 1)160 ; ::ac~~.~ar • .£.! al , 1951; 

Zicserl et al , 196.?i) . T!'le ·,:orlc o: :\unez a.r.d t.o:.::ipr<:. -ch ( 1969) ir;d.ica :es 

that o.·oove a LAI of 3.5 t,-rain yields tend to d.eclir.e :iuc to s'.-l2.di:1f; of 

the importa.~~ 10~ves feedinG the ear. ~te rela~ively hi~h pla:1t 

density (96,900/ha) th.::.t was u:::ed i!1 this stud:;- mi.::;nt ,,·ell have. 

accentuated this effect . ':.\re11 tho'.lgi1 pla:i ts fro::i al 1 trea tGcn ts 

!'eached a LAI greater than 3. 5, pla1ts receivin:; ad.ec:::uatc N proC.~ced 

higher LAI ' s than those deficient in N. Ttis , al0:.1[; · .. .ri th ttc possibly 

less efficient use of a higher N content, file:\! have resulted in a 

reduction in the yield potential realised for plants receivine 168 k~ 

N/ha or higher rates (Section 4. 1. 7) . The contribution of the lo:·:er 

5-7 leaves to dry matter production is considerably less than the upper 

9 or so leaves (Hoyt and Bradfield, 1962) under shaded conditior.s . 

These were also the leav0n most severely affected by the develop:nent of 

the N deficiency late in the vegetative crowth of the maize plants . 

The higher leaf dry matter content at physiological maturity (Fis. 9) 

of plants under N stress (control and 84 kg ~J/ha treatment) , as compared 

to plants from other treo.trr.ents, indicates that the leaves as a whole 

from these plar.ts wer e nearer a non- functional condition . The absence 

of a similar pattern of response to N in leaf area measurements , as 

those for leaf dry weight (Section 3 . 3 . 2a) may be explained by the 



95 

observations of Pendleton ~ al (1967) and Early ~El (1967) that leaf 

area is much less responcive to chanGes in li ~ht intensity than is 

leaf dry weie'ht . 

1). . 1.5 'l'otal Dr.v '.:ci.cht Cho.naen j n Other Co:::por.ents . 

Ster.JG , roots , " husk" , and cobs al l l ost dry wcic;ht durine the 

crain fillinc period. 'l'he application o!' nitrogen fertiliser also 

failed to influence this significantly. 

(i) Shoot Comnoncnts 

After reachine a m:ixi rr.um dry weit;ht shortly after 50f'.: silking 

{Table 3 . 10) the stems beean to lose dry weight slowly at fi r st then 

rapidly over the period of greatest accumulation of crain dry matter . 

Several workers have reported locses frorn sterns beeinninr, 14 to .35 days 

after pollin.:i.tion reaching a maximum over the period of rapid crain 

filling (fro~ harvest 4 to 5) (Kiessebach, 1950 ; Allison , 1969 ; 

Adel;::.:1a and ~.:ilbourr., 1972 ; 3dr.cad.es , 1972) . In this stu:!.y, such 

locses '.·rcre cor.sid.e.rably ti.:;r.er :n tr.e lc•t! ?..!':d. no !1i -oroG2!1 ;;reat::oents 

th.::;..r.. in t:;e hiGher ni trobcn fc:-tiliser tre<:otr..ents, viz . a loss o'f' 22~ 

and. 325: of the res:ycctivc r.axi:::i.:r:: dry ;·:e i z~-;.s i!1 -o:C.e 0 .::...n.O. 84 ~=c :;/:a 

15~ in t::e .3.36 a!:d. 672 

A~proxi:r.ately ?C'f., of tl:e total 6--r-.:::..in d.r,;· :;;:;.:;;te:- acct:..~;ul:?.."Cior. i:1 plar.ts 

fro;;i all -creat:r.cnts !lac. t~..:::e:'l p::.ace ·o:,r narves<; 5 (146 C.a:,•z c:..fte::-

plan:ti::.g) 1-1h'e:: the e;rc:..ir. !1ad. reached the 11C.ent " stage of 0.evelop~e;. t . 

occurred at an ever: fas<;er :-ate in all tri3c.t:ne:1"'::n . 

deficiency symptoms c;encrally h:ld a i1ishc:- s"..em fibre contcr.t 

(signifi.car.tly so for pl.:i.nts receivi;.c 84 :.Cc 1;/ha at '.-:arve:;<; .3 and 4) 

tha:1 plants receiv::..ng hirher rates of ?T (Fig. 9) . T~is occurrence may 

be the result of earlier mobilisation of N from the stemr, of these 

plants reducini; the protoplas;-;:ic content of the tissue , wi th conseCiucnt 

layi ng down of greater amoi:.nts of fibrous supporting constituents . 

The "husk" portion •;;hi ch included the cob shank, ear husks , silks, 

tassels and tassel peduncles reached a maximum dry weit;ht near the 

beginning of rapid grain fill and then dec lined rapidly over this period 

in all treatments . From harvest 5 to physiological maturity there was 

little chanee in "husk" dry weight ('l'able .3 . 1.3) . It was not possible 

to distingais:h which portion of t!1e "husk" component actually was :nost 

affected over this period but r:.illar (194.3) , Sa,;rre (1948), Eay .£!al 

(1953) , Allison and Hatscn (1966) and ED.mead.es (1972) have all reported 

losses from actual ear hus}: and/or shank portions and suggested that 
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such losses re presented :noverr.ent of assir..ila.tes to the gr ain. Th er,_; 

h<ivc been few re ports of declines in cob dry i1ei~ht over grain filli::c . 

Edme<l.des (1972) cites r.:anson (1967 ) as the only report, indicating a 15~ 

decline over this period . This is approximately the rna01iti..;.de of the 

declines in this study which ranged from 7 to 15% over the treatments 

imposed . 

The above discussion indicates that a substantial mobilisation of 

r es erves of s oluble s ugars takes place from the ste~11 s and husk du.rine 

rapid gr ain filling in all plar.ts . 'I'hi s mobilisation, however , appears 

to be ereater for plants showing visual N deficiency symptoms (exce pt 

for the losses from t he "husk" of plants receiving 168 kg N/ ha) .._, . 
~nan in 

normal healthy plants . Great er mobilisation of these reserves 

accumulated durine; the earlier growth of the N defici er.t plants, is 

probably necr:issary to meet the peak demand of the grain sink when photo­

syn tha te production by the N deficient leaves is likely to be less due 

to (i) a significantly smaller leaf area ove r grain filli ng than . plants 

r eceiving 168, 336 and 672 kg lI/ha (Appendix 9(a) and ."ig. 7) anG. 

(ii) a loi·1er chloro;;ty:.l conte:1t (Tc;.ble 3 . 26) . 

grain fillin 5 stc:n r eserves cor:tin-.;.ed to be uti lised bi..:.t at a greater 

r Clte in plants r eceiving 168 , 336 a::d. 672 '.<g :/ha , than in :~ defici ent 

pla.!1ts . By co~.parison the "i:usk" cornponcnt a;>peared to CO!'" .. ~ :::':._ Ou:e 

little -to the grain, as its d::-,:,r weizht sho\·:ecl negligible cr,ange . It 

is of interest to note that as tne :ft:.nctional leaf area declined '::i th 

leaf senescence, along with the slowing of assimilate production with 

ti1e approach of maturi t:,r , st err, r eserves were utilised t o a greater 

extent by plants receiving adequate ;1r , in order -'vo meet the demands of 

a large r grain sink . It i s suegested that the small amount of dry 

matter that accumulated in the cob over the rapid grain filline period 

in most treatmen t s (Table 3.14) indicated the presence of a small 

excess of dry matter arriving at the grain, resul t ing in some temporary 

storage in the cob •. Although no consistent pattern was evident it is 

possible that sorre of these cob reserves were subsequently used in 

grain filling in some treatments. 

(ii) Roots 

Jl~any studies concerned with the growth and development of the 

maize plant have ignored the roots. The roots have an important role 

in the uptake of water and nutrients . and anchorage of the plant; they 

are also intimately involved in the metabolism of N in the plant (Hera, 

1971). 
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Unfortunately, the use of root sa.'ilpling and \o:ashi::g tc~h."liqi;.es 

to measure root product i on unavoidably introduces consideraole errors . 

T!'lc tj_rce main proolerr.s to overcome are as follo· .. :s (:.;ewbo·u.ld , 1963) : 

(i) rapid turnover of small roots and root material (e . g. root 

hairs) bet;·1een sar:ipling times . 

(ii) the effect of clisturbine; the soil environr.-.cnt . Sor:1e 

attempt in this cacc was made to return the soil to the 

level in the profile from -v;hence it came . '=1he rc:..ther 

structureleso nature of the profile ~ay have lessened t~is 

effect somewhat. Only 2 plar~ts od of the 48 gro;·m i.:-, 

containers failed to grow in an apparently norr::al manner . 

(iii) the high vc..riaoil:. t:i' "between S:J..'Tples that is 1..!::a:ally obtaineC., 

due to the crudity of the esti~ation tecr.n.i~~c an~ , ~ore 

of~er. , due to soil heteroger.eity . 

critical factor affccticg the results of tho present 

experir.:ent . 

effective sa.-:1~linc of t~e later3.l :-oct cx-;;:2:::s:.on -:o ·ce ::-.adc , rc::-.c: . ."8t::-ing 

that the 

entrance o: roots . 

c~ . the ::"OO~S o: 

mature maize plants to be bclo~ this deJth in ~~e soil ~refile . 

a.'" eye assess;;:ent at -t:i_e ::pi):.CO;_)l'ia"~e r.ar·..rests tnc ::Jajori -';,,y Of !'Cots '•:Cl'e 

located in the U?pcr 20 c~ of t~e J!'o:ile . 

of Bloodsworth et al (1958), Foth (1962) a."ld r.:cr.gel a.'1d. 3arber (1972a) 

who reported that at an:,r r;:-0~·1th stac;e rr.ore tha.'1 60% of the roots of 

maize pla.:1ts are located in t~e top 30 cm of soil . A high proportion 

of the maize r oot syste:n, therefore , was SW':'lpled usin[; this techniq-..i.e 

(see below) . Sayre (1955) reports -';,hat the mature maize plant contains 

approximately 30g of roots while Foth (1962) gives a fig~re of 25g :or 

a qui ck maturing c11ltivar grown on a loam soil type . Ji.s shown in 

Table 3. 11 such root weights are si!':'lilar to tho3e obtained in this study. 

However , ~arley (1970) levels criticis~s at root weight data because of 

the difficulty in separatin~ completely soil particles f r om the root 

sample. Nevertheless, most studies have used this type of technique 

but , as in the present study, comprehensive and detailed analyses have 

not been attempted as it was felt the technique did not justify .... 
l. t. . 

Although the N fertiliser was applied consistently at the sw.e 



side and approximately the sa~e positio!1 opposite each pla::.t , !10 

particular cor.centration of roots ·.-1.::i.3 observed in t:t:.. s recion . It 

~..,ould sug0est that the tecirnique employed in the presc!'lce of t rickle 

irrication did not lead to any hich "spotc" of fertili t:,' . Other 

workers have noted root proliferation on entry into localised zones of 

h i eh fertility (Duncan and Ohloroe{;e , 1958; Viets , 1965; 1:clson and 

Eansen, 1968) . 

l:ndcr tho preccnt cxpcrimcntul condi tiono r oot elonc;ci.tion i n all 

the treat:ncnt plots exa:nined was r apid ; some roots natl penetrated. to 

at lea::; t 30 cm below the depth of sarnpline (91 cm) by 69 days after 

planting . Linscott ct al (196 2) noted the Greatest r oot eloni;ation 

beh1een 10 and 30 days after plan ting. Root dry we i ght i ncreased most 

r api d l y over the period 35 to 69 d.ays after plantine i·1hich supports the 

fir.dine of Linncott !:_! ~ (1962) who found the t;reatest ir.crease in the 

period 40 to 65 days after planti:'l{;. Kaxii71UT:l root dry weicht (25- 295) , 

includir.e brace roots, i·:as recorded for samples taken at harvest 4, j us t 

pr ior to r apid grain fill. Dur ing grain fillir.e , f.o·.·iever, tr.e r:ica..'1 

root dry weic;ht for pl a::tc r ecei vine 2.68 and 672 kc ;:/ta decli!1ed by 29~ 
of tl:eir mazir.n.:.::-i i·:i i.h li -'.;tle ch~e:;e :or pla:-1ts receiv i r.g no :erti lis~r 

(Table 3 .11 ) . This sup~or::.s t::e ::nd.i::~ of ::enz;ei ar.d. :J::.roer (:974a~ 

but is co:-. t rary to -::r.:.t of !>'oth (1962) '.:~o s~o;:ed r.o ch3.::c:;e in root 

arid. roots (Brouwer, 1966) . Grain dry ~atter ?roduction tended to be 

greater in plants rccci vi n& ;; fer-viliser, tha:1 for those :ro:n t::e co::trol 

plots. It is possfole that in ad.di tion to shoot components so;71e dry 

rr:attcr was also r::obilised from the root::: t o satisfy the Gr ain si::k . 

The shoot to root r atios over the major part of grain filling ( E~rvest 

4 to 6) increased by 72% and l OOfa for plants r eceiving 168 and 672 kg 

' N/ha but only by 8% i n plants f rom the control plots ( 7able 3. 12 ) . 

These increases are pri~arily due to a build up in grain dry ~atter 

(Fo t h, 196 2) • 

Assu.11ing tnat all plants in each treatment underwent similar root 

growth and development with time, then it is possible to estimate the 

root yield per hecta re to a de pth of the sampling container (Table 4.1). 
Assuming also that approximately Bo% (allm·1ing 10% for losses during 

washing and l O'f., of the root systc~ outside t he container) then root 

yield per hectare was approxim9.tely 3, 400, 2,750 and 2,680 kg/ha for 

plants receiving o, 168 and 672 kg N/ha respectively. In ot:i.er wor ds , 
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approximately 151~ , 10% a."1ci lofa of the total plant dry wei[;ht of t:-: c: ::ie 

reapective trcat~ents was contaiLed in the roota. These rcsult3 are 

simil2.I' to those previoL:.sly indicated by the d.ata of /leihi:i.g ( 1935)' 

Foth (1962) and van Zijnatten (1963). 

Table 4.1 Estimated root dry weight data (kg/ha). 

Harvest IT r~te I ::'.:ctirnated. 
m.:mber (kg/na) t . 1 ,+ roo yie a 

1 0 95 
168 80 

672 75 

2 0 1,432 
168 5'7' I .L 

672 1,281 

I 

4 0 2,653 
168 3,03::. 

I 672 3,059 

6 .. 0 2,727 
l 

168 2,204 

672 2,148 

+calculated fro;n mean dry i·1eight data per plant ('rable 3.ll) 

Root growth did not seem adversely affected by t he slightly 

compacted layer at 7-11 cr.i in the profile, nor by the variations i!1 

texture with depth in the profile. Root growth continued into the 

gravel which was at approximately 60 cm depth in the profile. 

4.1. 9 Nitrogen Uptake and Distribution 

I 

I 

I 
I 
I 

Nitrogenous fertiliaer had its most striking and positive effect 

on the rate of N uptake by the pla:i.ts during the period of maximum leaf 

growth (Fig. 6) when stem erowth (Fig. 8) was only 25% of its maximum 

from 35 to 69 days after planting. This implies rapid movement of 

nitrogenous compounds from the roots to the shoot. Root growth was 

also rapid over this period (Table 3.11) and the N not utilised in this 

process would have been exported to the shoot to meet the greater needs 

of its rapidly developing tissues (Hera, 1971) . Pate (1971) also noted 

MAS$cY t.:~-la Vi'.':RSITY . 
.LUL Y. I 
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the pr ecocious accumulation of reserves of prote i ns and other solut es 

a.ssociated with the rapid ex.;::ar:s ion of your..c lce:.ves . The ra-::e of 

upkkc by pla.11ts i!'l. tl'le va rious ni tro[;e:i treat:..8nt:: (Table 3 . 18) 

r :c; :'lccted the level of N availabl e to thei r root s,yste:~:s. As mi['ht 

"be expected the u:;itake rate of t~ os e plants s:-,o':ii:-!G vist:.al K C:.e : icie:-:c;; 

s,yT.1ritoms, from about 70 days afte'.:' plar-.t i :cg, Has distinctly lor,;e r t"."ian 

those fo r plants receivinc hiGher r ates of N (Table 3.18) . Ho'11ever , 

there were no sig:'lificant diffe r ences in roo"'v growth (Scc tio:-i 3.3.2c) 

fo r plants receivinc r.il 01· even the hi e;hest rate of ?I ap:;,licat ion over 

this period . Sayre (1955) r eported an averaGC daily ~~take rate of 

3 kc N/ta and a r.ia::cimum u~;t a.ke near tasscllin0 and si H:i.r.:g of 4 . 5 kg/ha/ 

day . These figures are si mi 1 ar to those recorded i:i tti s s tt:dy 

(Table 3 . 18 ) for pla"lts receivinc 160, 336 o.nd 672 kt; ~:/ha . 

The N accur:iu.latior.. c -...<rve (Fig.10) follows t he patter!'l. sugEeste:i by 

Viets (V:?65) 1 be i nc less si.011o i C.al tha..'1 that for d.r:,r rn:.tte r ac cu:nulati on 

due to the more ra~id accu~ulation of ~ relative to C.ry ~~tte~ early in 

the growth of the _i)lwts. !n this ex~eri~e~t the diffe~e!'l.ces arc 

which delayed tasselling by 1-2 weeks. 

early growth s ta,s-c s is i rd.i cated b~r t'::e steeper c::-2.::.::.e:.: o: t!'!e r 
accu.":lulatio:i curve relat ive to tr.at for '°'"'r ,..,.., -'- +e" (~;i..:~ 10) ........... ...: 1 .. C.,. IJ w ... . ' J.. 6 • • 

the pla.'1.t to s tore l:::.r ge quantities of soluble '.'T for fut·..rre growtt 

(Loewhing, 1961 ; Viets, 1955) . r:'his is illustrated b:,r -:-. high 

concentration (3- 41jS 1n in the leaves and stems (Fit;. 12) at harvest l, 

35 day;:; after plar.ting. :·:i th ti::-.e the co:1ce::1trati on in all plan"., 

components declined refl ecting dilution of the N level as dry matter 

accumulated and nitrogen was translocated. to the grain as source-s ink 

patterns changed ( Figs . 12 and 13) . 

The concentrati on of N in the sterr.s , over all treatments, declined 

~t a faster rate than that of the leaves a.'1.d reached a much lower level 

prior to rapid grain filling ( Harvest 4, 127 days after planting) 

(Fi g . 12). At harvest 2 (69 days after planting) the H concentrat ion 

in the stems and leaves had reached a significantly lower level in 

plru1ts receiving no N fertiliser than that in the plants receiving 

increasing increments of N. At harvest 4, however, the pla...'1ts 

receiving 84 kg N/ha could be grouped with the controls for both stems 

and leaves (Fig. 12). The greater decli!le in N concentrations in the 

leaves and stems of plants receiving these treatments would refl ect to 

some extent the lower availability of N to the root systems of these 

plants . Th.is hypothesis is cupported by a significantly lower N 
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concen t r a ti on found in the r oots of t he pl an ts r ecei vir.g no X 

fertiliser, at harvest 2 &nd 4 ( ~G· 12) . BJ har vcs t 4 the ~; 

concentrati on in the s tem::; (Fie. 12) had r eacil.ed a level of lees t~a:i . . 

0 . 9% N over all t r eatments . 'l'hi s o.crces t~e reports of jo~ca.n 

ct ;-,l (1950) ar,d J ohnson et c..l (1966 ) for ;;tern :;5~ at a sirrilar e:-o~·i t '.ri 

sta.:;c . Leaf N%, how ever , except i n pl ants rec eivi ng no ?; fe r t i li sL! r , 

1·::is .::;rcLl.tcr than 2'/., over all t r eatmc:-lts (I·'ic . 12) . :~ leve l of 2-2~ 

( n',·ncr 10 ~6 · 
.j,.J • ' ... ,; ' r ' Jordu..'1 et El, 1 1950 ; Johnson ct ~~1, 1966) is c or:sidcre:C. 

u.sual a t tas seEinc; and s i l;~in t; which occur:r' ed. some 40 days earli er t ::a.n 

harves t 4. 

The more rapid decline i n ~% i n the stc~s r el ative to that of 

the l eaves woul d 'ce mai nl y due t o di l ution e:'.'fec".;s u.s ay :C.arvcs t 4 the 

stern contained a much hi e,;her pr oporti on of the c2.ry matter accur..ul ated. 

( ?i'c- ~\ 
- '-' . ..I J than did the leaves , over all treat~e:-.ts . Llso , as noted. 

earl i er, t he leaves t end to accu,~ulate lar6c quantiti0s o~ nitrc ~~r: o~s 

69 days a:'tGr planting c ontained abcu-t t1·1c- -'.;hircis of t:-,e -;;ot;;::.l shoot :: 

':'n i s , 

the r efor e , also contribu"~o~ to -vtc si gnificar..tls lo:·:er : concent r at :.. cr:s 

f oL:.nd in the ster.;s a:Lci leavc:J cf tfi.GSG plc.r .. ts at harvest~ . .M.t har ves t 

2 1 t h + 'T . + ~ ' t • . ~ 7 2 • '·T/ ' on y e s ., e;;, r, con ten ., s 0 1 p.i a."l s receivi ng b .:~.:; ,., r:.a were 

si gnificar.tly greater than plants showint; }~ deficiency symptor.is (those 

receiving nil and 84 kg N/ ha) but at harves t 4 those r eceiving 168 kg 

N/ha or hi gher levels had s i gnificantly greater N cont ents than N 

deficient plants. Fi g. 11 illus t rates these chan;-es. All pl an ts 

s howed similar changes i n s t em dry wei ght over the period from harves t 

2 to 4 (Table 3.10), but as noted earlier N concentr ations in the s t ems 

at harvest 4 for N defici ent pla."lts was s i gnificant ly l ess than th ose 

in other treatments. This s uggests ear l ier t ranslocation of N from 

t he stems of the N deficient plants in order to meet t he demands of the 

developing grain. Similar t rends could have occurred t o some extent 

in the leaf component as suggested by the decline in N content of this 

component in the control pl ots ( Fig. 11) from harvest 2 to 4. 

Stem dry weight and nitrogen concent ration generally declined 

over grain filling (Table 3.10, Fig. 12) therefore stem N content 
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d.cclincd (Pi ,'.;. 11) . 'E~c s::io.ll declines in stern ::'j~ over this tir:ie in 

~11 but the N deficient plants indicdtes that so~e tra~olocati on to 

the cr~in r,;as occurri nc in t!les c pl~. ts . Plan-;;s r.::cei ving no :r 
fertiliser showed an increase in N cor..centration from o. 29jo to 0 . 47% 

pos3ibly because of the co!1tir.i;.ed. r;,obilisai; ion of li fro::: ra:;Jidly 

senescing leaves , but restricted er.. try into the g r a in as r:iaturi ty 

etppr oac hcd and black layer formation began . 

Leaf !'\ concontrati on con tinucd. to dccli::e over era.in fi lli.:.e in 

pla.'1.ts f r o:-:i all treatments (Fig. 12) . A.1~ p:-~ysiological ::-:aturity 

plants recei vi!1z 168, 336 anci 672 kg ~:/ha still ~1ad a leaf ~; 

ccncentr.'.ltion i.:;rcater than 2~6, whereas t!1ose rccei v.i.:-1.; 8tt kg l~/ha and 

no H fertiliser had siQ1ifica'1tly lo~..;er c once::tre:.tions of 1. 69 and 

1.59~ respectively, reflecting again the l ess :avour~tle supply situation 

o.nd possible earlier trans location of H to the grai n ir: these trcatr~or:ts . 

:SanwJ..y ( 1962b) reported. 'th.:i. t transloca t i on of :.: to -;;!1e grai.n fro;;: ot'.1.er 

plant co:nyoncnts C.ccs ";.o-:. ::sually occur ·c.r:til :;;.e "blister" Gta~e o: 

i:,'"'.:'ai!"l d.evclo;;::;c!'lt, except u.:,d.er :: C.e:::.c.ient co!1d.:. t:.o,.s. Earvest 4 iG 

a r bi tr<:l.ry decision to cxcl-...:c.e fro:-:i r.-.c.:.s·c.:-c::-.er.t :!.eaves · . .;i-';;!l l ess t::-.ar. 

50~ green a:-ea . 

~he dead leaf co~ponent as -:he ~ concc~trat:.on ~oacurc~cnt: refer only 

to that of the functior:al lcc.:J GS i 

there:orc , underest i ina-;;es s ::. ichtly the ac-::.:u.i lea: :: con-oent . Sor:-.e of 

the leaves inclu:icd in t!le C.ce.C. leaf co:-:ipone::.t '.-Jere devoid of an,y creen 

areas , their chlorophyll having been c omplete ly deGTaded . This was 

more often the case for plants s howi n g N deficiency symptoms, whereas 

plant s receivi ng hicher rates o f N removed less of the N conta ined in 

thei r lower leaves . 

At harvest one (35 days after planting) the N~ in the roots 

(Pi g . 12) was the highest recorded for all treatments . This relat es 

to the l uxury uptake of r~ by the young maize plant (Viets , 1965) . 

Mengel arid Barber ( 1972b) noted the greatest uptake of N into maize 

root s during the fi r st month of growth at about 20 days after pla.::.ti11g. 

By 30 days after planting this rate had declined by 85% and had reached 

a stable low rate of entry when the pla.'1ts were 70 days old . Root dry 

weight in the present experiment reached a maxi mum between harvest 2 

and 4 so some dilution of the N concentration in the roots may have 
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occurred contributing to the decline in conccntraticn, the rate of ~hi ct 

was greatest over thic peri od (Fig. 12). 

s01ali chances i n r oot H concentration are evid.ent (?i g . 12). r:ir .. is is 

concistcnt with a r cl:i.tivcly low upta~:c of '.·T over this :_--eri c:l ('=1:::.olc 

3 .1 3) ar~d a Greater :nobi l is2l. t ior: of ;; re~cr-ves fro:-:i otrtcr shoot orc;~!i.3 

( especially the leaves , FiG. ~2) . C~ly one re~crt ~as found con~ern i ng 

the concen~rati on of ~ : lit:c: y in ~naize roota at ar:y par-'cicular t;ro:,·tr. 

lf1'e ... _ (1ar)c ) ~o~o-vu ./ ~ .l.J. l1•:.. '-> the pa~city of such infor~ati on . 

(1973) repor te d. a :'.:'igurc o:f' 1.32% ~·T fer t l:e c oncc;·y~ra".:i:.n in rna i z~ rco-'.:s 

irl the pre- bloor:'l stage ao oc:t 60-70 d.ays after pla!i t i::.:; . r_c;-1c rr.ai zc crop 

f' .1- ' 1 ' 1 t 1 .... , 75 ' "/' i·:as t;row!'1 on a ·er.,1 ... e Sl ~ earn w1 .. n .r~G ;. I"~a . Fig. 12 ir, :i ic2..tes 

si:nilar concentratio!'1S for plants s a:npled a'cout ·~he sar..e period (69 ciay.;; 

after plantin g). A co::sider ab ly hi gher co~-: c cnJvl'atio:1 ~ :'10·:1<.;vcr, of 

1.87% ~·1as foun.d in the roots of plants receivin,; a !1ij'1er rate of ~·T 

(672 kg/ha). 

result ed in a decline in the ~ content of t~e cob . : :s val~e a~ ~~~ves t 

Or- (~·hvs1· olo-" ca· '·at·ur .; .. y) ·· ~c-1-' ... J 5 .l. J.. !11 J.. V ' : tC:. o:J 

(1 .. ~,,.. ~,..,· ' ... ~,·~-~"11.; _, (-:;-i.; , .. :1\ \oc;:;1nni::c o:;: - u."'1c 6 r.:: .. --• .:.l..l.-~n 6 ; -· ~ 0 • _ i• 
. -
cn2.~iCC~ 

only slicrrtly over tbs ;ie:ci cd. ('I'a.':)le ::,.14). 

hood of 30iT,e transloca.tion of n fro::; t~e COO to the l,7<:::.in. during ra"1id 

grain filling. 

r api d t;rai !'1 filli n,~ a!"ld i::. ::e t hat of -'.:i:.e c ob re:::air:.ect esse::tiall::' t!le 

same over the remainder of c:cair, :Y:. ling (Fig. 13b ). The TJ content of 

the "husk" also d.ecli!'1ed ove r the major t,Tair:. filling period (Harvest 4 

to 6) (Fi g . 11) but the 11 DilSK 11 a lso lost so::ie dry ·,..;eib'ht over this 

period (Tab le 3.13). Again there is a sug6estion of so:-:-.e loss of 

" husk" N to the grain ove::- the r apid &rrain filling period, but because 

of the various inclusions in th is component it is not poss ible to 

indicate precisely which portion(s) actually lost N during this period. 

Hanway (1962b) reported that translocation of N from the cob, husk and 

stem usually preceded that from the leaves in normal maize plants. 

The·N% of the grain was first recorded at the "blis ter" or "milk" 

stage of developme~t at harvest 4. At this time the N concentration, 

except for plants from the control plots was relatively high being 

greater than 2% W (or 12.5rfa crud e protein) (Fig. 13c). A greater 

proportion of the total N a ccumulated , compared with dry rr.atter, was 

present in · the grain at this stage (Figs. 5 and 11). From harvests 4 
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to 5 ( g-.cai n i n clent staGC of clevelop:::cnt) dry :;.atter acc-:r:;·-.:.la::ed at a 

rcl::.:.tivelj· fG.ster rate tha:-; :! , 1·:'.1.ich re:::;ul ted. i r. a iilo..1.tio:;, of t:-:e ~.; 

conccnt r a 4cion in the craiZ'l ( Ii'ig. ljc). ~jer tte fi~al period of gra: n 

fillint; (~arve3 ts 5 to 6) the accumulation of dry matter in't:-:e cra in 

represented a;::iproximately hal f the amount accur.:ulatei over t'.:'le 19 da;/S 

between. !1.arvests 4 and 5 ( I•'it; . 5). rTl' "c1 . .... h . , 1 inc 1.;<.) in " .e gain over a .... 

treatments, however, s howed little chance , sueces t i ne that t he 

accumuJ.ation of i'Z •:1as S"..lfficicnt, up until blacl-: layer formation , t o 

lareely necate the effect of dil"..ltion of the c oncentration iZ'l t he b-::-ain 

by the i ncrease in dry matter accur:ml ation . 

slo1-: over the grain filline period ('.2able 3.18) this r eflcctc the 

cont inued mobi lisation of X r eserves from ot{:er plant orgc;.n3 up ur.ti l 

physiological maturity Has reached (Hc:.y et al , 1953 ; Ii'am:ay, 1963) . 

Data prese!1tcd in Appendi x 15 indicc:.tcs t!l.at only pl<:!nt :::; ro ceivinz 

336 and 672 kc l7/ ha attained. a grain N concent ration in the reeion of 

hybrid.s grm-m in the U. S . A. (Kurtz a!1d S;-;iit'.: , 1966) . 

data sugc;est that a hi i;!-1 level of I\ avc:.ilabili t::,', co::-.bined ·::i th a 

relatively h i t;'.1. populai:ion der:sity (96, s; oo pla::ts/!-.a) , 1·;::.2.1 resdt iri a 

hi:::;h :J concentrati on in tr.e r:iatu.:'e grain, t~;,e res;.io.:-:se seo;;;s to pla"~eau. 

higher rates of 13c) . have a:so 

reported this pheno~cnon. 

4.1.7 Nitrogen Jeficiency S.'rrr:~to~~s 2..!"'.d l'.aizc ?roci:xtio.:1 

The data discussed in tr.e ~revious section inC.icatcs t hat t·-.e 

appearance of visual N deficiency sy;n:i)toms . in so:r.e of the r::aiz e plants 

was consistent with a significantly redL:.ced conc entration of :T 1 at so;;;e 

gr01.·1th stage , in all plant parts studied, with the exception of the cob. 

These differences, however, were not associated with a significant 

reduction in growth as measured by grain and total dry matter 

accumulation (Table 3. 4). 

Plates 4 and. 6 show the develop:nent of the classical 1J deficiency 

sympt oms in the lower leaf portions ar.d stem internodes of plants 

receiving no fertiliser N. These deficiency symptoms (also evident in 

plants re.ceiving 84 kg I'r/ ha) h owever, did not visually manifest 

ther;iselves until about 70 days after planting and consequently gro~·rth 

in terms of height \'1as not affected (:Soffer, 1941; Aldrich and Leng, 

1965). Chlorophyll extractions at 25 days before .physiological matur~ty 

s:iowed an increase with increasing N rate (Table 3.26). A reducti on in 

leaf chlorophyll content occurs with the development of a N deficiency 
.. 
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vii th the decradation of t!'le chlorop!iyll molecule, s -cipplying r..ore 

. t t t' . t. (y ' - ' •. 1 ~ . il 1 r.f: I) n1 roc;cn o ne GT01nr.c issues , .. rancz c;.nQ ... e _;:;-:;ev. 1 .J..)'-'..,. • 'I!:e 

pcnultir:iate expanded leaf ''~s sa~pled in order to obtain ::o~e 

c o::sistcncy in age of the tissue sar:ipled and to a'roid an~r pos::i bili ty 

cf lea:' scnc:::;ccnce infhi.cncing t:1e sample. 

si c,11 i ficant difference bet·.-1een the chloro:;:ihyll cor.t0,,"'c o-;.~ pl<k."lt:: 

rcceivin[; 84 kc ~T/ha and 163 kg H/ha exictcd. and a ::ic:Jificant 

difference existed between plants recei-v-i::c 64 l:c; :;/ha e:.ncl ryo fertiliser 

N, these results were influenced to some extent by the fact that ~ 

deficiency influences ini tiall;y the lm·re:!'.' ar:d older por"'::ions of the 

plo.."lt . N is preferentially mobilised fror:i older tissu·:;s to supply the 

If t: c deficiency 

persists thc:1 the l eaves and other ve.;etati ve pari;s i1ii;her up t'."le 

;)la.'1.J.; becc~e affected, as W.J.S the case in the p:!'.'esent ex~erirne:1t . 

Plates 8 and 9 show that similar N deficiency sy:n :::; to::is are evident in 

the lm·1er po r tions of the sl:.oots of pln.!:ts receil.·:n.s; 84 kC r:/:-.a 
(c ompared to the plants recei\"ir..g ~o ~J :crtilise!'), but not i:1 -t~os~ 

receivin~ 16~ kc 

'='3.b le 4.2 indicates th<J.t t:ie ratio of :; in the cSTa::.n to that :'..n 

the stover (all ~arts o: t~e s~oot except the :r3.:n) :o:!'.' pl~~ts 

· · lb .... 11 336 " d ·7° ~ -- ' '/'..., ~ s· - ,,..,... · 1 rccec..v1:: g u 1 •• n o .. ~ ''"G ,.
1 
n~ 1·:.::::.:.:. cc:-. lu1;;. ao y for 

Ratio of grair.. !'litrogen to sc,over nitrot;cn at physiolocical 
l':latc:.rity . 

N treat:nent (ke/ha) 0 84 168 336 672 

Ratio l.91 2.05 1.69 0.97 1. 56 

This indi cates that there was a greater uptake in plants receiving 

higher rates of I~ than could be used in grain production. This suggests, 

ther efore, luxury consumption of N in terms of grain production for 

plants receiving the three highest rates of N1 since only small 

inc reases in yield were produced by the extra N accumulated . Pla:its 

that showed the K deficiency sympto:ns were more efficient ·in the 

production of dry m::i.tter because of a greater internal "reuse" of 

nitrogen . In other words, the plan·~s under X stress exhibited a 

greater plasticity in interr:al "reuse" and redistribution of N than 

those receivine adequate levels of N. 'l'his was manifested in a greater 

withdrawal of leaf a"ld stem K reserves during grain filling i n order to 



counter lm-1er overall upt<::.ke of ~'! by plants recei vin£; no :::~ertiliser a."1i 

Suf~icicnt ~ was still avai:atlc , ~o~s~~r, ~er 

the proc~uction of a ,'.?,Tain ci..nd. total dry rr:a·cter yield. in the reg-io.!1 of 

It is p0ssi "";;le 

th~t t!:c zrea~cr plaGticity in I'J usaze e:-::!:ibitcd by,,~; d.e:·ic::..er .. t :1l o.r:""\:::, 

was er21·.ar:ced. 0:,r the atse!"lcc o: l;!ater stress . Fer exar::::·: e 1 uric er dry-

l.:u:d. conditions 1 ?\ uptai<e 1·1ould prooaol,y h::ve been ~r: or 8 li:;ii ":ed. (v:ets, 

i 9o",..,) ,.:i ,_,, "'o "" l. "'"'"r .. -·m -11 ,.,, ~ ...,r'O''r:"' ..... I . 1....t..1.4.\Vo "' 'Co 1.J.:1.... ~ ~: :1.::.:.. ...._o.:.;.l,. ~.d LA lll of s oil ~~ 'ceco~r; :;:;; :::.vail3.ble or 

restricted root develo7,-,cnt (:·:eaver, 1926). 

lower in X content (Viets, 1965). In t~is study cn:y the lciwer ~ 

co:1tcnt :;-eac!:.ed. statistica2. si£:--~ificG:.:>.ce. 

The 11differer:ce 11 method (Sec-;;ior: 3.7) ·t1s..s ".1.Sed. to c a.lculate the 

\rµ,"-rve~t 4) ar.·' phy--"o'oc..;c~l -.,- ·",, r" T- · (::-~v-c-- c,..'; . ~.1........... -... < ... L.o.. ... v...:.. - t_:..L. c. ....... o. ""~- - ":i ... c.:J.. - \.......; \J 

contends tha't ~his ~et~cd o~ calc~l~~i -13 ~~e pa~cs~~~se ~ecove~y i:: 

i:waLd. 

generally be describ ed a s oei~t lcw bu~ co~;ar~~lc ~eco?2ries ~e ~o~'t~~ 

in t:-te litera~ure r~~e~y exceci 

-965 'D t' 1 - "7' ) ~ ; ~ar ~o o~e~ 1 -~.i • 

in plants receivinr; 168 and 336 kg :~/'ri2 is !:ig:'1cr, es;ecially for 'ti:c 

former treatment, than in plan ts receivir_g the lm·i rate of ni troger_ 

(84 kg N/ha). Tne r easo:: fer t :r_is ·occurrence is u.'1certai.n bat it r:iay 

relate to the more rapid upte:.ke and. attainment of near yield potcnt:al 

as discussed in Section 4.1 .2. Over the grain filling period the data 

(Table 3.25) ir.dicates that the recovery declined for plants receiving 

168 and 336 kg N/ha, v:hereas it cor1tinued to increase (as expected) for 

plants receiving 84 and 672 kg N/ha. Although it is recoenised that 

as plant~ mature, especially if they have access to a high level of 

available N, significant ar.:ounts of X may be leached from the tops and 

roots (Allison, 1973; Terman al'ld Allen, 1974). But this did not seem 

to occur to a marked extent in the case of plants rec eivi:i.g the highest 

rate of nitrogen (672 kg/ha) and having the highest nitrocen content at 

harvests 4 and 6 (Table 3.16). These declines in percentage recovery, 
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however' may b e an anorr.alous resul t caused by the r:iethod of calcu l a ti 0;1 

and th e fact that pla:its receiving 163 a-'1d 336 t:g X/ha had a c cumulated 

97 and 92% of the ir total uptake by narvest 4 ( Fi g . 11) . Plants :::~r o:i. 

other treat ments , i nc l udi ng those i n the cont r ol plots had only 8oc(o of 

thei r total u pt.:ike by harvest 4 a-'1d continued to accu:r.ulate c onsice ::-a·::ile 

qu.:int iti es of X over era.in fillinc . The relat i ve i ncrease i n N c ontent 

over grain fil l i nrr , therefore , was rr.'J.ch greater than for plan ts r c c eivi:-:3 

168 and 336 kc N/ ha . 

A con t ributing f.:ic tor to tne generally low recover y of fer t i li ser 

N would undoub t edly b e the high degree of r.:ine r alisation of s o i l :.; 

(Sec t i on 4.1.2) evi den t unC.er t he c or:C.i tions of this expe:-i r.lcnt . 'l'l1i s 

i s emphas i sed by the met~od of calculating the perc entage r e c ove r y of 

f ertilis er N. Sorr.e l 8achi ne of ni trate- N may also !'.ave contr ibute.d :o 

the l ow recovery of fertiliser ?J , espec ially wi th the very high rates of 

~ appli ed under s andy conditions . No significan t diffe r ences were 

s hown , however, between the effects of tirr.e of appli cat i on on total dry 

matter yie l cis a::ci only on a few occasions for c or.:ponents o: !~yield., 

whi ch may i ndicate that t::e lcacti:lb :actor ·..ias less ir..portant ; a 

greate r l oss of 17 woul d be ex~ectcd. fro;., tl'.e application of tii;h r ates 

of X t o the r:.aize plar:ts at p:'..ar.t:'..ng. ~~e extensive ~atu::"e of t~~ ~~ize 

r oot s y sts;n (a,:.ar t fro::-1 t!J.e fi:2st r;;o::U:. of (;::.-'a>·:th) 1 CC;7'.0 :.ncd ,,.; i t:, t!J.e 

r:iaintenar.ce so i l !'lear :'ielii ca]2.Ci ty i)ro::rnti:-.g ra:;;id 1.:pta.ke 

( Vi ets, 1967) would. have r.. i ti gated against heavy leacr.ing l os s es . 

Howev er, the rnai ze root ::;ys te:n was of i;rea test density in the t~p 20 c r:i 

f . , ( ~ t. A 1 5 I . . ) ) -'l t . ' ' . . d tl- ' .t:' . h o S Ol.L ;:)ec ::.on '+ • .1. • \"-'- .::.:: ..... a "tne OGDnni ng a...ri near .1e enc. OJ. -.; c 

growth cycl e of the maize plant , when uptc..."i<e of W ·.-1as re latively s l o1·1, 

sor..e cons iderable losses co".1iC. have occurred wi th \->a ter moving at a 

faster rate through t he pr ofi le . 

It is unlikely that losses of N due to volat ilisat ion of ammonia 

from the hydrolysis of appl ied urea , had a si gni f icant effec t on the 

recovery of fer t ilis e r ~~ by maize plan. t s. These loss es would have been 

mini mised by the a pplication of u r ea t o a depth of 18 cm in t he soil anci 

the filling in of t he hole l e ft by the injector immediately after 

applying t he f ertiliser. 

4 . ~ CONCLUSI ONS 

1 . Total dry matter yields and y i e l ds of i ndividual plant parts, 

inc luding the grain , over t he growth cy cle of t he maize plant were not 

significantly affec t ed by increments of K ferti l i ser up to 672 kg/ha . 

These results · ~uggest that in t e r ms of dry matte r production there is 
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no ju::::tification for the 2.?~lication of ~ fertiliser ~o ~aize when tt~ 

cro) i::; {..,TOi-Jr'. on a soil recc:-~tly out o: past'..A:::-c: u.r.d. ·.-:he:-i o::.cleq;..::1te '1/Q."':.er 

i::; ;.,rovided . The total i\ ,yield a:'.ld yi el cl::; of ind.i vid~:J.l i;:,lc...'1t :!1urt:::: , 

however , sho•t!ed silr.'lifica."'lt rcsponnes after "the first :-:-.or.th of ~m·rt!: . 

2. ~fo substantial favourable evidence ·,1a.s obtained fer ;;:-ie spE t -;;:::c 
of 1.hc l·'. rate over severaJ. (,-Y-0:·1th sta.::;es . 

that the 9la11t::::' ~rcatc~t req:uircmc!'lt for !li troccn is d·.:.ring the first 

6 to 8 ·.vcu!-::s of c;rowth . 

3. ?ii troccn uptake b,y the naize p::..ant increased ·,;i -;;n i~cre2.s:..nc ::..E:ve::..s 

of fc:niliser The ni trozcn taken up. duri:lg the earl.)' cro:·:th of the 

plant · . .;as stored i:iainly in the leave:::i and al::;o in the sterr,s , "hus}{::::" 

a:'.ld oo':.Js , from ;1hor0 it i/as later J":'IC°.:lil:!..::::ci to nup~)ort c,Ta:!..:~ dcvelo;;:ir~c:;t . 

The [,Ta.in , therefore, evcn"'cuo.lly been.me the :T.ajor stora~c orco.:i for 

nitro.:;cn . '.I'he ni -crogen cont2.i:-:.cd. in the :>tc:::s of ni troccn deficient 

plants was r:iobili::>cd at an ea::-:!.ier e.c-owth s"i;<:.6e tha.'1 fr0r:; other ~la:-."t 

p:trts . 

occurred -:o a g:-e~-tcr extc::~ i:;. :~ ::.c:icien~ ;>la:--~ts . 

atta:..ned by the::;e ~la::ts . ~his ~a3 attributea ic ~ar: to the ~ore 

ef!'icient l:tilisat:on of avai:!.able ni :ro;en in grain prod-..;.ction by th.:se 

plants . 

6 . The maintenance o: a larce leaf area over the major part of GTain 

filling by plants from all treatments probably made a significant 

contribution to the high grain yielQS recorded. 

7. High availability of ·,:ater a"t a ll grm·1th stages would certainly 

have made a substantial contribution to "the hi gh y ields that were 

recorded. 

8. The level of available soil nitroeen had a marked effect on the dry 

matter responses to fertiliser N. Some assessment of this source of 

nitrogen should be atte~;;:ited prior ~o planting the crop in order to 

increase· the .efficiency of utilisation of Nin maize production . 

assessment is hampered by the lack of a sufficiently reliable field 

test for nitrogen availability. 

This 



9. The concentration of 1T in tne r..ature g!'Clin increased with 

increasing rates of N fertil i ser , but seemed to ?latca~ with rates 

greater than 336 k& i'J/ha . 

lCJ 

10 . The roots conta.in a signi:f'ica.'1t proportion (ap_;iroxi:-:-:ately 10~) of 

the total dry rr.atter of t!'.c r:la.ize plant a.'1d thus have an i:.ipo:-ta."'.t 

influe~ce on sourc e- sink relationships . 

fur the r detailed study . 

This relationship warrants 
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Appendix 1 (a) Weather Data for the Experimental Period 
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Solar radiation data measured with an Eppley pyranometer 

at Oho kea R.N.Z.A.F Station . 

Maximum and minimum temperatures, measured with 

standard meteorological instruments at Grasslands 

Division, D.S.l.R., Palmerston North. 

All data is reported as five day averages. 
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Appendix 1 (b) Accumulated Effective Degree Days 

Record ing began November 6th, 1972, the date 

of sowing of the first replicate. 

Effective degree days = 

~ajly max.lei+ (Daily min
2
(cl or IOC whichever greater~ -10 

(after Gilmore and Rogers , 1958) 
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Appendix 2 

D.J.y from 
sowin4 

0 

6 

13 

A3 

Schedule of Operations 

Date 

17 . 8. 72 

25.8.72 

11.9. 72 

5.10.72 

6.10.72 

21.10.72 

26 .10. 72 

30.10.72 

30.10-5.11. 72 

6-9.11.72 

12-15.11.72 

19-21.11.72 

Operation 

16 soil core samples, 2.5 cm diameter , 

taken to 15 cm depth on grid system over 

0. 13 ha plot area, for total nitrogen 

determination . 

Plot area pl oughed . 

Disc ing, rolling and levelling. 

Fertiliser applied to plot area : 49 kg 

O. S. P., 336 kg lime . 

30 soil core samples , 2.5 cm diameter , 

taken to 18 cm depth on ~rid system over 

plot area for standard P and K 

availability tests. 

Cultivation with spring tyne cultivator. 

Cultivation with Dutch harrows. 

Applied 152 kg KCl, 152 k g O.S. P., 

42 . 5 kg Kieseri te (7 . 3 kg ll.g ; 10 kg S) 

to plo t area using conventional combination 

drill . 

Applied propachlor weedicide at 4.5 kg/ 

ha with 13.6 kg KCl and 31 . 7 kg O.S.P. 

using a Gravelly spreader. 

Placed 48 root containers in position. 

Sowed crop. Gesapon 10 G insecticide 

applied with seed at 22 kg/ha. Four 

rows of guard plants sown around entire 

plot area. 

Elner gence. Planting time application of 

nitrogen (N). 

Bulk of thinning and transplanting. 



12-15 

21-24 

23-26 

35 

42 

59-62 

62-65 

85-88 

93 

99-102 

104 

118-121 

119-122 

21.11.72 

27.11.72 

30.11.72 

2.12.72 

11-14.12. 72 

15.12.72 

18-20.12.72 

10.1.73 

13.1.73 

14-18.1.73 

31.l. 73 

2.2.73 

7-13.2.73 

16.2.73 

18-21.2.73 

8.3.73 

2.8 kg a.i/ha atrazine weedicide 

applied with 0.56 kg/ha Lannate 

A4 

insecticide. Beginning setting up of 

trickle irri gation system. 

8 tensiometers installed to 46 cm deptn 

in soil over plot area. 

Stand now complete . 

Trickle irrigation system installed and. 

working. 

Harves t 1. 

Detailed study of soil profile in plot 

area. 

Second N application. 

First count to assess tiller production . 

8 soil core sar::ples, 2.5 C :-:1 diameter , 

taken at 15 cm and 30 c~ de~ths at 

tensiometer sites for % moisture deter-
• .i.· m1na .. 1ons. 

10 tensiometers installed t o 15 cm depth, 

8 at similar sites to those installed on 

27 .11. 72. 

Harvest 2. Soil core samples taken for 

% moisture determinations on 14.1.73. 

16 root containers lifted. 

Second count for tiller producti on. 

Counts for tassel emergence. 

Soil core samples taken for % moisture 

determinati_ons. 

Third N application at 50% silking. 

Soil core samples taken for % moisture 

determinations. 

Harvest 3. 

Soil core samples taken for % moisture 

determinations. 

Aerial application of Lannate insecticide. 



127 

131 

141-144 

146 

149-153 

153-156 

160-163 

180 

11-14.3.73 

15-16.3.73 

30.3.73 

1-4.4.73 

7.4.73 

26.4.-5.).73 

6-7.5.73 

AS 

Harvest 4. 

16 root containers lifted. 

Soil core s a~ples taken for % moisture 

determinations . 

Harvest 5. 

Began checking in sample rows for black 

layer development. 

Took l eaf discs from all plots for 

chlorophyl l determinations . 

Soil core s&~ples taken for % moisture 

determinations. 

Harvest 6 at physiological maturity. 

16 roo t contai ners lifted . Experir::ent 

terminated . 

O.S.P. = ordinary superphosphate . magnesiUt.i . 

KCl potassium chloride . s = s-....lphur . 
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Aooendix 3 
Leove~ 

?.:ethod for Determi ni ng Chl orophzll Content of I·'.aize Leave 

1.:ater.iaJ:z : -

Extr act ing a&ent: 95% ethanol. 

I.:cthod :-

10 ml of ethanol was pi petted i nto tes t ·~ubco , arran,:;cd i n 

laoelled posi tior.s in racirn , a.'1d each containinc 5 lea: discs (total 

area , 15 . 45 cm
2

) 1 representing one plot treak;ent . ':1hc :.ea:::~ d::. ::cs 

v1erc previ ously held in a refri t;erator in l abelled screw top glass jars 

lined with mois t f i lter ?a?cr. The test tubes were c ap!)ed :·1i th 

al umi nium f oil and the levels of liquid marked before being pl aced in 

a. \·tater bath fo r 10 mi:rntes at 83C . . Not all the chlorophyll was 

extr ac ted f rom t he leaf discs in thi s time. 

After extr action , the racks of test tubes were i mmersed i n c o l d 

water and then placed in a refrigerator prior to t~e colour density 

be i ng read on an E . :S . L. Portable Colorii:~eter, prev::.o-..:sly ze :;:-oed. u.si:-.g 

an e t hanol blar:k. Levels in tic test t-..:.bec '.vere :-::a.de t,;.p to the l O ml 

1..cJ.rk with e~hanol before :.r.e sar..ples wcr~ t r a::sfer::-ed. to ;:;atched 

c olorimeter tubes ar.d tne co::.our density re<:.d u.sin(; the Ilfo::-d f ilter 

608. Al l readings \·1e::-e -;;a2<en wi -;;hin l1al:' an i;o-...:.r of cA-;;ractior. . 
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!i.ppcnclix 4 J.Jicro- KjclC.ahl J.;cthod for Detcm i ninr; ITi tror.·cn Cor..tent of 
Plant ;.:atcrial cas ical ly as described by Cl eo-.ents I 1970 

J;iaterials :-

Di .~estion mixture : 100 g K
2
so

4 
with 1 g se leni um po·11der and 1 

li t re o f concen t r a ted. , ni tro e;en f r ee 1 ii
2

So 
4

• 1•'.ixture heated i n 

fur.:e cupboard until clear. 

Indi cator mi xture : 5 volumes of 0.1% e thano lic solution of 

· b rorr.ocresol gre en to 1 volume of 0.1% e thanolic s olut ion of 

me thyl r ed . 

Bori c acid ind.icv..tor :.ii:x:ture : 25{, :·l/V H
3
Bo

3 
with di s tilled wa ter, 

con t a i n i ng 2% v/v i ndi cator mixt ure . 

:t-;ydr ochloric Acid : 0.01 N HC l ( diluted from s tandar d Il~ HCl) . 

Sodium hydroxide : 500 g NaOH per 2 litres of d i sti lle d. wat er. 

:.:ethod :-

Before anal ysis the fir.cly i;,--rou:-,d pl ant material '·:as d. ::-- ied :or 

approximately 8 hours at 95c . 280 mg of each sa:-:-.yl e 1-:as ac cura.-cely 

we i ghed and di ges t ecl with 5 ml of di .;es ti on mixture in 50 ml Xj eldah:::. 

flasks, pl aced in labelled positions on "t he teating llilits . 

anti - bumpi ng granules were aciC..eci to each flas~~ before carc:'ully 

b oil i ng f or 2-2-} hour::; i:i a fu.-::e C'.lpboarC., ·,;..'1ti 1 tl:e s oLi.t i o:i cl ear ed . 

Dur i ng the f irst half hol:T of digestion t:ie flc.sks were frec;:ue:it l y 

turned to ensure c omplete dicestion of the sampl e . A bla."lk (no pl a."':.t 

materi a l a dded) 1·:as i n c luded in each :'l:n of 22 s amples . 

After dit;es ti on the flas~s 1"1er e al lowed to c ool .. or hal f an hour 

in the fume cupboard; less than 0.5 ml of di stilled wat e r was then 

added after which the s ampl es were diluted t o a 70 ml mark.etched on 

the neck of the flasks. The fl a s ks were stoppered and inverted 3 

times following which the dige s tate was poured i nto labelled, air-ti ght 

containers, being ready for distillation. Samples were kept for no 

longer than 18 hours before distilling; Clements (1970) suggests tha t 

they may be kept in sealed containers for several days without loss of 

nitrogen. 

The· Markham still was utilised for t he distillations. The outlet 

from the still was submer ged under 5 ml of boric acid indicat or mixture 

in a 100 ml conical fl a s k . 5 ml of diluted di gestate was added to the 

inlet cup of the still plus about 10 ml of NaOH; the stopper was then 

removed to allow entry into the inner chamber, on replacing the stopper 

a little NaOH was again added to the cup to prevent nitrogen losses at 
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this junction dt-..ring distillation. About 30 ml of distillate was 

collected in the ooric acid indicator mixture, which wa3 then titrated 

against 0.01 N HCl, the col~ur cha.~ge being from olue to mauvy- grey . 

Before distilling the next sample of digestate, the inner cha11ber of 

the still was emptied and flushed with distilled water . 

Standardisation of still :-

The method described produced highly repeatable percent<l.ge ni tro,:;en 

estimations and recov"3ry of nitrogen from ( 1':11
4

)
2 

so
4 

standards was 

greater than 95%, when checks were run periodically durir.g the a."'lalysis . 

Recovery figures in this region are consi~ered acceptable by other 

workers (Chu, pers . comm.). Clements (1970) obtained figures of 97% 

or greater for recovery of nitrogen from (1'rn:
4

)
2 

so
4 

standards . 

Calculation :-

N% = (titre (sample)-titre (blank)) x 7/10, for a 280 mg sample 

and where titres are expressed in ml 0.01 N HC l. For sa.11ple ;;eights 

other than 280 mg appropri ate adjustments were made . 
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Appendix 5 Ar.alysic of Variwcc of Grain 'Ilry :·!eie."rit Per Pla.::t <.:.."ld 
Total :Dry ~·!eight Per Hectare at Harvest 6 ( Fhj'ciolot;ical 
l 0'.a turi ty) . 

(a) Grain dry vrnight per pla'1t . (e) 

Source cs i\'.ean Squnr-es 

Block 3 341 . 31,. n . s . 

.1°:ain Factor 4 971.ll n . s . 

!:.'rror 1 12 436 . 13 

Sub factor 2 15.04. n .s. 

I nteraction 8 257 .42 n . s . 

Error 2 30 443 . 20 

Total 59 

(b) Total dry -..:ei.;:-i: per l-.ectare. (:~,;/:;a) 

Sou::-ce 'L' 
C.J. :.:~~ ~q"J.a~es 

3loc~ 3 14556142 .75 n . s . 

Kain Fu.c tor 4 339e5139 . 2s n . s . 

aror l 12 11725127 . 01 

Sub factor 2 3129115 . 25 n . s . 

Interaction 8 1149955 .89 n . s . 

Error 2 30 21452251 .77 

Total 59 
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Appendix 6 (Continued) 
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Appendix 7 Comparison of Dry Matter Increment ( Y)with Time(x .days). 

(Linear form of Gompertz Curves) 
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Control 
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Al2 



Apncndix 8 A:w.lysis of Variance of Leaf Dry ·'.·:eight Per Piant at 
Harvests 3, 4, 5 and 6. 

(a.) Le'1.f dry Heic.;ht per pla.'1t at harvc:::t 3. (c) 

Source df . :.:ca:-i 3quet.rc::; 

Dlock 3 .?,13 .15 n . s . 

Fiain Factor 4 123.91 ** 
:srror l 12 12 . 38 

I 
Subfactor 2 21 . 73 n . ~ . 

Intcr<J.ction 8 21.88 :i . s . 

!!:rror 2 30 23.35 

Total 59 

(b) Lea:' dry Neight t>cr plant at :w.rvest 4. (c) 

So\.i.rce 
. \ 

- .t:' c. ... ;.:cr~:l S~"J.:l:'CS 

I 

Block 3 26. 03 .r. . s . 

r.:ain Factor 4 34. 09 ** 
2-ror 1 l. 2 10. 13 

Subf<;..ctor. 2 30. 51 n . s . 

Interaction 8 62 .88 * 
Error 2 30 25 .47 

Total 59 

Al3 

I 
I 
I 



Auncndix 8 (conti nued) 

(c) Leaf dry \·might per plant at harvest 5. ( s) 

Source df i-:c.:i.n Sq~J.res · 

:Slack 3 82 . 82 ** 
Kain F'c:.ctor 4 ll6 .27 )(··lE-

Error 1 12 B.:n . 

Subfactor I 2 37 . 98 n . s . 

Interaction 8 29 . 78 n . s . 

I Error 2 30 22 . e9 

Total 59 

( d) Leaf dry wci[;:i.-'c per )la.'1t at har-.rcst 6. ( 2;) 

Source df ;.:c:;.n Sq:'.lar€:s 

:Slack 1 I 
9 1 . ~6 I ..) I * 

Eain Factor 4 89 . 43 ·)(- I 
Error 1 12 25.94 I 
Subfactor 2 29.10 n . s . 

Interacti on 8 28.56 n . s . 

:srror 2 30 19.75 

Total 59 

I 



Appcncliz 9(a) Surr,ma.ry of Leaf Area. a'1d. LAI ::er Plan:. for the l·:ain 
Factor Treatrr.ents (1I rate) • 

• ] ( ) c-- ... ( 2, T~o .ea uummary of leaf area per planv . cm) 

~; rate (' / \ xc .'.12.j 

Hanrest r ~ + 3ig!1ificancc 
d . ~ . 

Nu'1lbcr level 
0 [,4 168 336 672 

2 I 3900 3887 3996 4083 41t,G 361.6 n . ::; . 

3 5171 5424 5530 5588 5810 178 .3 * 
4 5709 5385 6271 5734 5837 169 . 8 "** 
5 5036 4788 5631 5508 5634 191.2 ** 
6 2843 3024 3758 3192 3651 290 . 0 * 

for cor:iparison of means betrn:!cn H rates . 

Table (b) Sum~ary of LAI ~er plant . 

i·: ru."'.;c 1 ' -c- 1:na '-::-...u / ) 
Earvest 
?\-ur:<ber : 

0 84 163 336 672 

1 0.15 0.19 0.18 0 . 16 0.19 
2 3.82 3.81 3.91 4 . 00 4. 06 

3 5.07 5.32 5. 42 5.48 5.70 

A 
.. 

5.60 5.28 6.14 5.62 5. 72 

5 4.93 4.69 5.52 5. 39 5. 52 
6 2.78 2.96 3.68 3.13 3. 58 



Appendix 9(b) 

Al6 

Analysis of Variance of Sr.eath Area per Plant at riarvcst 
6 ( Physiological I·:aturi ty) . 

I 2) Shea. th area pe r plant . \.cm 

Source df J.:ea.'1 Sq:uares 

Block 3 19413 . 96 n . n. 

;.:ain Factor 4 92526 . 41 -K-

Error- 1 12 12063.46 

Sub factor 2 55377 . 43 * 
Interaction 8 36956.80 * 
:::.:rror 2 30 15018.72 

Total 59 



Appendix 10 

f..17 

Anal,ysis of Variance of Leaf Dry ?0'.a ttcr Content and. Stem 
Dry Katter Conte:it at Harvest 6 and :ia.rves t 3 a.."1d 4 
Respectively . 

(a) Leaf dry matter content (on a fresh ;:eight basis) at harve::;t 
6 . ( 7b) 

Source df r::ean Squares 

Block 3 12.02 n.s. 

i·'.ain Factor 4 54.89 * 
Error 1 12 12 . 04 

Sub factor 2 17 . 88 n .s. 

Interacti on 8 11.59 n . s . 

Error 2 30 10.17 

Total 59 

(b) Stem dry ma"'.;ter conten"';; (on a fresh ;·:eic;l".t basis) at harvest 
3 . (~) 

Source df I.~ea.n Squares 

Block 3 1.86 n.s. 

!'.:air. Factor 4 14. 55 * 
Error 1 12 3 . 18 .. 

Sub factor 2 0 . 69 n . s . 

Interaction 8 4 . 66 n.s. 

Error 2 30 2.09 

Tot al 59 
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Appendix 10 (continued) 

(c) Stem dry matter conter.t (on a freah weight ba::>is) at harve:::;t 
4 . (~) 

Source df r~ear. Squares 

Block 3 2.82 n . s . 

J.:ain Factor 4 16.43 ** 
Error 1 12 1.68 

Subf.:i.ctor 2 1. 74 n . s . 

Interaction 8 o. 73 n. s . 

Error 2 30 1. 35 

Total 59 



:\ppcncl ix 11 

,\19 

Analyci ::> of Vari<1nce of Total Shoot : ii trogcn Yield per 
Hectare at H<i.-::-vccts 2 , 4 and 6. 

(.1) 'l'oto.l shoot ni troc;en yield at har•1cst 2 . (kt;/!1a) 

Source d.f J,:can S(iuarcG 

Block 3 1032 . 19 n . s . 

;.:ain F~ctor 4 3670 . 16 * 
Error l 12 1088 . 21 

Sub factor 2 2855 . 38 * 
Interaction 8 980 . 72 n . s . 

'8rror 2 30 659 . 99 

Total 59 

(b) To~al s~oot nitrocen yield a: ~arvest 4 . 

Sot;,rce ,;).£' 

I 
"'-"-

"'"t:. .. -""' 
•• - c:J. •• :c:·~::.~e.:; 

:Block ") 3231.29 r: . s • ...) 

" . ..• a1n Factor 4 26667 . 01 * '.(· 

~~or 1 12 :!.770.21 

Sub f actor 2 173 . 86 n . s . 

Interaction 8 6824. 55 ** 
Error 2 30 1396 . 86 

Total 59 



Appcn~ix 11 (continued) 

( c) Tot.1.l ::;hoot ni trogcn yield at harvest 6. fi,r-r/ '-- a\ \ .. ~ •. I 

Source r1-<' 
u..L Ee an Sq~ares 

B::.ock 3 6302 . 20 
... 
· · ~a1n l.i'acto::- 4 22103.12 

Error 1 12 1696 . 39 

Suofactor 2 1006 . 10 

I nte ro.ction 8 27 22 . 12 

&ror 2 30 2947.23 

Total 59 

* 
~* 

n . s . 

n .s. 
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;..21 

Analysis of Variance of Leaf !'Titro.:.;en Content per ?lant 
at Harvests 2 1 4 and 6. 

(<i) Leaf ni trogcn content per plant at ha.:rvest 2 . (g) 

Source df r.:ean Sc;:uarcs 

Block 3 c.0512 n . s . 

r":o..in Factor Ii r 0.1096 n . s . 

Error 1 12 0 . 0~.33 

Sub factor 2 0 . 0890 n . s . 

Interaction 8 0 . 0379 !'1 . s . 

Error 2 30 0 . 0321 

Total 59 

(b) Leaf nitrocen co~tent ,er plar.t at harve~t 4. rs) 

Source L.f !.:ea."l Sc;:uar es 

Bloci< 3 0 .1116 *•* 

11:ain Factor 
, 

0.3::,29 *'* '7 

aror 1 12 I 0.0117 

Sub factor 2 0.0091 n . s . 

Interaction 8 0.0520 * 
Error 2 30 0.0206 

Total 59 



A~ic~dix :2 (cc~tinucd) 

(c) Lc::i.f nih'o;;cn con-~cnt per pl<:!.r..t at ht::.rve;::;t 6. (c) 

Source I di' J.:C2.:1 :(ri.l.a.re: 

:3lock 3 0 . 0731 * 
... 
~ .. ;:;..1n F~ctor 4 o . :2so ibl· 

Zrror 1 12 0 . 0204 

Subf.:lctor 2 0 . 0155 n . c . 

In.tcrc.ctio!'l 8 0 . 0::.08 n . s . 

E!'ror 2 30 o.oi.:n 

Total 59 
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Apncnc'!i:x: 13 Summary of Lc <1f, Stem and Root ~: Concentration per Pla:-1t . 
for ~he J.:ain Factor Treatment (H rate). 

T'.1.b lc ( a) Nitrocen conccntr~tion in tr.e leaves . (';-:) 

N rate (kc/ha) 
Ifarvcst 
1!umbcr 

0 84 168 336 672 

l (35) 3. 74 3. 83 3.78 3.76 3.95 
2 (69 ) 2. 84 3. 11 3. 16 3. 47 3. 35 

4 (127) 1.91 2. 21 2. 52 2. 62 2.82 

6 (180) 1.50 1.69 2. 20 2. 01 2. 06 

+s . E. for comparison of means between H rates. 

() days after planting. 

~ T.' + 
.J • L, • 

0.189 

0. 091 
0. 106 

0. 157 

Table (b) Nitroeen concentration in the stems . (%) 

I 
I "'T rate (kg/ ha) 

Ea::-vest 

I 

s . ~ - + Xur;ib e r 
0 2~ 168 326 672 

I 1 3.61 3.59 .).86 3.39 3. co I 0.263 
I 2 " '7" 2. 21 2.24 2.37 2.58 ' 0.139 I ..!... i 0 ! 

I 4 0.29 0. 42 o.63 0 . 81 0.89 0.078 

I 6 0.47 0.42 0.48 0.63 0.79 0.089 
. 
+ . 

S.E. for comparison of means between N rates . 

Sienificance 
level 

I 
l 

n . s . 

** 
** 
** 

I 

Signi ficc...J.ce 
level 

n.s . 

** 
-l<·* 

** 



Appendix 13 (continued ; 

'P~blo (c) ~itrogen concentration in the roots . (%) 

H<'.l.rves t H rate "(f1 S . E. + Significa.:-,ce I l~ /0 

Number (kg/ha) level I 
j 

l 0 I 1. 62 0.22,~ n . ~ . l 
I l 

I 

168 1. 91 0 . 200 

I 672 I 1. 78 0.153 l I 
I ' I 

2 I 
0 1.25 0. 436 * 

168 1.39 0. 238 

672 I 1. 87 I 0.1..;.9 I 
I 

I l 

4 0 l o. eo l 0.348 * ! l 168 0.73 
j o.o:n I l I 

"7? l - "'O l C. l96 ! 0,- l. • .) 

I 
i l 1 

l I 

' i 
r 0 I o. 68 C.O]O ** l 0 l 

I I 
1 ,,,.. ,-., ! o.s2 O.l38 I 
~Ov 

i I 
672 j l.12 I O.E9 

I l i 
I 

+s . E. associated 1.-1ith eo..ch rr:e~~ 
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L25 

Analysis of Variance of Leaf i:i troge:'l Co:-.centration per 
Plant at Harvest 4. 

Leaf nitrocen concentration per pla.!'lt at harvest 4. (~) 

3ource df 1-~ear. Sq1.:..:.~""es 

BJ.eek 3 0.4312 •* 'I: 

;j:f1.in Factor 4 1.5293 ** 
2rror 1 12 O. G676 

Subfac"'.;or 2 0.2246 ·X-

Interaction 8 0.1326 n . s . 

Error 2 30 0.0654 

Total 59 

I 



Surr.rnary of Grain Ni trogcn Conc8n-'~ra.tion pe r Plant at 
Ha rvests 4, 5 and 6 for the 1.:ain Factor 'i' r ca.tr;;ent (U 
rCL te) . 

Gra in nitroGcn concentration pe r plant . (% and ~ crude protein ) 

A26 

II::i.r·vcst 
Number 

l'ni t 
Signi:'icance 

level 

4 

5 

6 

""' 1~7 ... 
<- + 
1 • .cr . pr. 

c~ ;ver. pr . 

0 

1.67 

10.44 

1.29 

8. 06 

1.33 

8.31 

+C" ( ' p er. pr. percen--cage 

++~ ~ ~ . 
~.~. ior co~par1son 

84 

2. 09 

13.06 

1.30 

8 .13 

1.36 

B.50 

168 

2. 02 

12.63 

1.46 

1.39 

8. 69 

326 

2.13 

13 . 31 

1. 53 

1.56 

9.75 

072 

2.04 0.133 

12. 75 

1.54 0 . 065 

9.G3 

1. 58 0 . 056 

9.88 

* 

** 

** 
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