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ABSTRACT 

An evaluation of whey, compost and mineral materials as fertilizers for an 

organic farming system, was undertaken in an ongoing 3 year old field trial 

at theMAFTech Levin Horticultural Research Centre. Sweetcorn (var. Honey 

and Pearl) was grown as a summer crop (1989-1990) and responses to the 

three fertilizer forms were measured using fresh cob, plant dry matter and 

dried grain yield as production criteria. Plant uptake of N and K was 

measured along with soil inorganic and total N and mineralizable N. 

The whey fertilizer gave the highest sweetcorn cob yield averaging 12 t/ha. 

All fertilizer forms at low and medium levels increased fresh cob yield above 

the control in the order of whey > mineral > compost. The increase in yield 

averaged over all levels was 26% for whey and 21 % for compost. The 

mineral treatment at the high level gave a significant depression (-20%). 

Whey fertilizer also increased sweetcorn N and K uptake to a higher level 

than compost and mineral fertilizers. Nitrogen and K weed uptake, which was 

measured only on the control and high level of fertilizer addition, was 

considerable (26-46 kg N/ha and 83-143 kg K/ha). 

Apparent plant N recovery from whey and compost treatment levels were low, 

3-13 % for compost and 12-22 % for whey. Apparent plant K recovery ranged 

from 4-15% for whey rates, 10-43% for compost rates and 0-27% for the 

mineral rates. 

Soil inorganic N levels, 20 DAS, relate well to plant N uptake which also 

showed a good relationship with plant K uptake. The mineralizable N 

potential of the soil associated with various treatments was measured by 3 

methods. The anaerobic incubation appeared to relate well to N uptake by 

sweetcorn. At all levels, the whey treatment mineralized at a faster rate than 

either the compost or mineral treatments. It appeared that the N component 

of whey and compost was mainly responsible where yield increases were 

measured although, the P and K component of the fertilizers may have 



contributed in some situations. 

Some suggestions are made regarding the design and conduct of future trials 

i.e. use of plant nutrient analysis to monitor nutrient status and a treatment 

eliminating annual fertilizer application from part of the main treatment to 

allow measurement of the residual effects from previous applications. 

Some guidelines for organic growers using whey, compost and mineral 

fertilizers were suggested. These include the continual/annual monitoring of 

the soil's nutrient status, the measurement of nutrient losses in produce, the 

construction of a simple nutrient balance for each crop and the suggestion that 

the fertilizer forms used could be altered when some soil nutrients are 

considered to be in excess of requirements. 
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CHAPTER I 

INTRODUCTION 

The present trend in intensive agricultural and horticultural systems, where 

high yielding and fertilizer responsive cultivars are used, will eventually 

exhaust the fertility of the soil unless proper soil and fertilizer management is 

practiced. Additional inputs of plant nutrients in the form of fertilizers, 

synthetic/chemical or natural, has over the years proved to be necessary to 

achieve and maintain high yields. Numerous trials have shown that no less 

than 30 per cent increase in yields can be attained by the proper use of 

chemical fertilizers (Flaig, et al., 1977). 

Today, the spiralling cost of synthetic fertilizers and pesticides, brought about 

in part by the disruption in oil supply, is having a marked influence on the 

profitability in agriculture and horticultural enterprises. Consequently, there 

is increasing interest in more efficient fertilizer application rates, timing and 

methods of application along with the use of N fixing legumes in rotations. 

In addition, people are becoming more conscious of their health and are 

demanding "organically grown" foods. Organic farmers are turning their 

attention to the better utilization of rural wastes, farmyard manures and other 

agricultural wastes as sources of plant nutrients. 

Organic farming systems have been practiced in New Zealand by a handful of 

farmers for some years now. The interest in bio-dynamic farming is also fast 

increasing. Both organic and bio-dynamic systems aim for a "balanced" and 

"sustainable" production system. 

In many overseas grassland organic farms, where fertilizer N input is low, 

leguminous herbage together with excreta from housed livestock are the prime 

source of N. However, under intensive cropping (arable farming) where N 

is almost always limiting, brought-in organic farm supplements are necessary. 
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Many claims have been made concerning the advantages of organic fertilizers 

over inorganic sources. For instance, organic sources are claimed to slowly 

release nutrients at rates that match the uptake of the crop (Smith & 

Hadley, 1988). Thus, there are less nutrient losses and the residual pool 

slowly increases. Organic fertilizers can also help improve soil structure as 

well as provide a source of trace elements. 

There has been little experimental work done to evaluate the relative ability 

of different fertilizer sources used in organic production to supply plant 

nutrients. Variability in the composition of organic material often causes 

inconsistent crop and soil responses to organic materials(MacRae & Mehuys, 

1985). Furthermore, the availability and cost of organic materials are 

important considerations in the choice of these materials. 

The general aim of the research reported in this thesis is to evaluate the effects 

of whey, compost and mineral fertilizers, such as phosphate rock/dolomite 

and potassium sulphate, on the production of sweetcorn in an organic farming 

system. 

More specifically the aims are to; 

1. determine at various stages of growth the nitrogen and postassium 

uptake of sweet corn. 

2. relate plant N and K uptake to the chemical composition of 

fertilizer and soil properties including soil inorganic N (N03 and NH4), 

mineralizable nitrogen and K levels. 

3. determine the effect of the fertilizer sources on the final yield of 

sweet corn. 

4. provide guidelines on the use of fertilizer materials for organic 

growers. 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 Organic Farming System 

2.1.a. Definition 

The United States Department of Agriculture (1989) defines an organic 

farming system as "a production system that avoids, or largely excludes the 

use of synthetic fertilizers and pesticides, growth regulators and livestock feed 

additives. To the maximum extent feasible, organic farming systems rely on 

crop rotations, crop residues, animal manures, legumes, green manures, off

farm organic wastes, mechanical cultivation, mineral bearing rocks, and 

aspects of biological pest control to maintain soil productivity and tilth to 

supply plant nutrients." 

Currently, New Zealand has no legal definition for organic farming. In 1988, 

the New Zealand Ministry of Agriculture (MAFTech) and the New Zealand 

Biological Producers Council (NZBPC) jointly devised a revised set of 

standards (see Appendix 1.) for organic food production in New Zealand 

which they hope will be accepted by the International Federation of 

Agricultural Movement (IFOAM)). The IFOAM is an organization that links 

together organic farmers worldwide. It aims to create a common standard for 

organic produce and foster understanding of what the organic concept means. 

2.1.b. Organic farming, an overview 

Organic farming stresses the use of renewable resources; the need for 

conservation of resources such as energy, soil, and water; and the 

maintenance of environment quality. 

It is apparent that converting or adopting to organic farming is not easy. In 
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addition to the standards that farmers need to follow to be classified as an 

organic grower, there is a lack of technical information which acts as a barrier 

to the greater adoption of organic farming as an alternative to chemical

intensive or conventional farming (Roberts, 1989). 

Soil health is of immense importance to organic farming and as a 

consequence, organic production systems should aim for maximum recycling 

of nutrients. However, most annual crops that are removed off the property 

to be sold represents net losses of nutrients which must be replaced to 

maintain the balance in the system. 

Most often in an organic farming system, natural soil fertility is insufficient 

to supply the total plant needs for nutrients, and nutrient containing materials 

are needed to supplement losses. Therefore, an understanding of the 

characteristics and constituents of fertilizers acceptable to organic farming 

system is required for growers to gain the most benefit in their use. 

2.2 Determination of fertilizer requirements in an organic farming 

system 

Generally, fertilizer use practices under conventional arable farming are 

influenced by a number of considerations (Stanford, 1973) such as: 

(1) recommendations based on field-plot research 

(2) experience and preferences of growers 

(3) crop yield expectations 

( 4) economic factors 

Most of the field researches which established fertilizer amounts as well as 

time and method of application, are based on the use of synthetic inorganic 

fertilizers which have relatively 'fixed' nutrient contents and well understood 

availability indices. 

4 



Organic wastes/fertilizers application rates are generally based on crop yield 
5 

goals and estimates of N availability from the waste during the growing season 

(King, 1984). However, compared with the well researched performance of 

chemical fertilizers, the performance of organic/natural fertilizer sources, 

particularly under an organic farming system is still not well documented 

(Briton, 1985). There is very little published information which describes the 

type of nutrient release pattern and crop response to be expected from organic 

materials (Flaig, et al., 1977). 

The variability of constituents/composition (as well as availability) of organic 

materials make determination of the actual rate to be applied difficult. Some 

studies using organic fertilizers (Briton, 1985; Pratt et al., 1973; Castellanos 

and Pratt 1981; Smith and Hadley, 1988) approximate the rate of application 

based entirely on the amounts of inorganic fertilizer N needed in conventional 

farming systems. 

Bitzer and Sims (1988) based their application rates on the predicted 

availability of N in poultry manures and a target yield. They predicted the 

available N (PAN) in stockpiled poultry manure and poultry houses using the 

equation, PAN = 80 % Ni + 60 % N0 where Ni= NH4-N + NO3-N and N0 

= (Total N - Ni). This assumes that 60% of the manure organic N will be 

mineralized during the growing period and 80 % of the inorganic N would be 

recovered. The reported values range from 54 to 118 mg N/kg soil and 

include the actual available N, measured by 2M KCl extraction, plus N 

mineralized during a 140-d nonleached incubation study. 

The above mentioned approaches in determining the application rates take into 

account only one of the major plant essential nutrients, mostly N, but trial 

results with organic fertilizers are confounded by the effects of the other 

nutrients present in the applied organic fertilizers. Consequently, the 

interpretation of results from these trials could be limited. The most effective 

way to determine the overall fertilizer value of an organic material is to 

construct a nutrient budget (Bitzer and Sims, 1988). The other major essential 



nutrients, P and K and their availability indices should be considered along 

with N. This way the total nutrient input is taken into account and it will be 

possible to determine whether the additional inputs are just adequate for long 

term increases in soil levels or more than needed. This approach depends on 

the availability of nutrients in various organic sources. 

In the absence of availability information it is difficult for growers to choose 

correct rates of organic sources to meet plant nutrient requirements because 

there is no reliable data at hand to aid in choosing the correct rates (Briton, 

1981). A further complication is that in organic growing system, restorative 

crops are used and when these are ploughed back into the soil, contribute to 

a nutrient pool for the following crop. 

As a general rule, however, the nitrogen that should be applied (Stanford, 

1973) in any given situation is dependent on: 

(1) target yield of dry matter (Ydm) 

(2) associated quantity of N in the crop at final harvest (Ny) 

(3) amount of N supplied by the soil (mineralizable N plus initial 

inorganic N (Ns). If the amount of the soil-derived N is insufficient 

to supply crop demand, then fertilizer N can be supplied to meet the 

deficit : Nf = Ny - Ns, where Nf is the amount of fertilizer required. 

New Zealand MAFTech (1986) recommends the application of 90 kg N/ha for 

sweetcorn for a 16 t/ha cob yield. Uptake of N, P and K for this yield will 

be equivalent to 3.9, 0.56 and 2.1 kg/t of cob yield respectively which would 

represent the net losses of these nutrients for this crop if the stover are turned 

back into the soil. About 112 kg N/ha, 13 kg P/ha and 84 kg K/ha will be 

added to the soil reservoir if stover are ploughed back. -

Plants obtain its N requirements from mineral N which is present in the soil 

at planting, N which is mineralised during the growing period and from 

applied fertilizer N. An understanding of these factors is needed as well as 
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the efficiency with which the crop can utilize soil and applied fertilizer N. 

The N mineralization potentials of the soil during the growing season helps in 

predicting the fertilizer requirement as it determines the relative N supplying 

capacity of the soil. Keeney and Bremner (1966) stated that only 1-3 % of the 

N in soils are mineralized during the growing period. In New Zealand the 

amount of mineralizable N varies between different cropping soils. Elliot and 

Gregg (1979) reported net mineralizable N in the range of 0.5 to 1.0 kg 

N/ha/d over the growing season for corn from field experiments conducted in 

the Manawatu district. Other studies reported 1 kg N/ha/ d based on 

laboratory incubation (Ross et al., 1982) to 1.5 kg N/ha/d (Hart et al., 1979) 

over the growing period. Bonoan ( 1991) using a horticultural soil in the 

Manawatu, reported the values for mineralizable N to be equal to Ns x 2.5 and 

Ns x 3.0 for unfertilized soils and inorganic N fertilized soils respectively 

where Ns is the soil mineral-N in the root zone of the crop at sidedressing 

time. These values were calculated based on an equation (Greenwood et al., 

1987) 

where dNu is net N uptake by the crop during the growing period, dt, is the 

time from sidedressing to the period shortly before harvest (60 days), dNs is 

the change in inorganic soil N to depth taken (30 cm) and dN1 is the amount 

of estimated N leached below 30 cm. 

Another important consideration in the fertilizer requirement- determination is 

the efficiency by which plants can recover the plant nutrients. Stanford (1973) 

using inorganic fertilizers reported plant recoveries of N ranging from 50 -

70 % and Greenwood et al., (1980) reported plant recoveries for K to vary 

between 8 - 70 % . 

For manures, very low plant recoveries are reported i.e., 9.2 % for composted 

manure and 28.2 % for fresh manure (Brinton, Jr. 1985); 13.8 % to 15.5 % 

for fresh and composted manures respectively are reported by Kirchmann 
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(1990); and an average of 35 % of the inorganic N from poultry manures 

(Bitzer and Sims, 1988). 

Therefore, the most logical step to take in determining the rate of application 

of organic sources is to adopt the required inorganic fertilizer rate for N if it 

exists and/or use of a nutrient budget to take into account the other major 

nutrient supplied; an index of nutrient availability needs to be known and the 

N mineralizing capability of the soil considered. Furthermore, the likely 

effect of the previous crop residue as an addition to the nutrient pool be taken 

into account. 

Since most of the organic sources have a very low content of major nutrients, 

growers are faced with problems associated with sourcing sufficient quantity 

of materials as well as effectively spreading these materials. 

2.3 Organic fertilizers 

'Organic fertilizers' are initially made from constituents of plants and animals 

and micro-organisms or their metabolic products (Flaig, et. al., 1977). More 

often they contain very low amounts of nutrient elements which are mostly in 

insoluble forms. 

Some of the more common organic sources are farmyard manure, animal 

manures, sewage sludge, and urban/municipal wastes. These organic sources 

can be applied singly or in combinations to increase the nutrient content. 

Unfortunately, not all organic material sources are permitted in the standards 

set by the NZBPC (see Appendix lB.). 
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2.3.a. Characteristics and their reactions in the soil 

Due to the low nutrient content of organic materials, it is necessary to add 

large amounts in order to influence plant growth via a fertilizer effect. Also, 

additions of organic materials should maintain, if not increase, organic matter 

content of the soil which acts as reservoir of nutrients. Other effects include 

improvement of soil structure, soil biological activity and formation of organo

metal complexes (Al, Fe and Cd) which helps reduce the toxic effects of these 

heavy metals to plants. 

The amount of organic matter present in the soil at any one time depends on 

the accumulated balance between the quantity added and the rate of decay. 

Added organic materials undergo continuous decomposition and the stable end

product have similar composition to humic substances (PAO Bulletin, 1975). 

Some processes involved during humification of dead plant material 1s 

summarized in the following scheme . 

Fig.1. Scheme of formation of soil organic matte1· (FAO Bulletin, 1975) 
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Plants are mostly made up of cellulose, proteins and lignin. Cellulose is used 

by the microorganisms mainly as a source of energy and degraded to carbon 

dioxide. A part of the cellulose as well as the protein serve for formation of 

the mass of microorganisms (FAO Bulletin, 1975). 

Variation in the final chemical and physical composition of the materials 

added is unavoidable because of different conditions during the humification 

of the organic substances. Some of these conditions include type of the 

material, cropping system, climate, temperature, precipitation, soil texture and 

aeration (Batey, 1988). 

2.3.b. Composting 

An important process in hastening the decomposition of these organic 

materials is-composting. Gray and Biddlestone, (1981) define composting as 

the decomposition of organic wastes by mixed microbial population in a warm 

moist aerobic environment. Wastes are gathered into heaps in order to 

conserve heat, thereby raising the temperature and accelerating the basic 

degradation process which normally occurs slowly on the surface of the 

ground. 

most organic waste materials such as cereal straw and animal manures 

produced in agriculture are suitable for compost production. Table 2.1 shows 

a list of the approximate composition of materials suitable for composting 

(Gray and Biddlestone, 1981). 

The C/N ratio of manures is often below the optimum level (20: 1) which leads 

to ammonia loss during composting. Thus, it is best to mix manures with 

materials of high C/N ratios such as straw and wood ash. A little soil or clay 

in the compost heap mixed throughout will help to hold any liberated ammonia 

within the heap until the microorganisms can immobilize it thereby reducing 

the nitrogen loss. 
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Compost is primarily a soil conditioner and to some extent a fertilizer (Gray 

and Biddlestone, 1981). When added to the soil it breaks down further 

releasing the major plant nutrients like N, P, K, and minor and trace 

elements. Soil fauna attacks it and the gummy constituents and fungal and 

actinomycetes mycelia help to bind the soil particles into crumbs while the 

organic components increase the water-holding capacity of the soil. 

Table 2.1. Approximate composition of materials suitable for 
composting. (Gray and Biddlestone, 1981). 

Matenal 
Nitrogen (%) C/N Ratio ( dry wt. 

basis) 

Urine 15-18 0.8 
Dried Blood 10-14 3 
Hoof and Horn Meal 12 na 
Night soil, dung, s.sludge 5.5-6.5 8 
Grass 4 20 
Bone meal 4 8 
Brewers · wastes 3-5 15 
Farmyard manure 2.2 14 
Water hyacinths 2.2 20 
Millet, pigeon pea stalk 0.7 70 
Wheat, barley, rice stalks 0.4-0.6 80-100 
Coconut fibre waste 0.5 300 
Fallen leaves 0.4 45 
Sugar -cane trash 0.3 150 
Rotted sawdust 0.2 200 
Fresh sawdust 0.1 500 
Paper nil infinity 

Several studies (Kimber, 1967; Patrich, 1971; Rao and Mikkelson, 1977; 

Tang and Waiss, 1978) have shown that during the early stages of decay of 

organic materials, particularly of crop residues, the toxins produced or 

liberated can retard plant development. Harper and Lynch (1981) and Lynch 

et al. (1981) further showed that phytotoxic microbial metabolites such as 

acetic acid may accumulate in wet soils which inhibits seedling development 

and result in lower yields. Consequently, it is often necessary to apply 

mature or well composted organic materials to avoid crop damage while at the 

same time supply enough energy for microbial activity. 

11 



Some advantages of composting are as follows (Gray and Biddlestone, 1981): 

i). The final weight of compost is less than half of the original 

material with subsequent reduction in volume which can reduce the transport 

and spreading costs. 

ii). Pathogenic organisms, weeds and other unwanted seeds are killed 

when temperatures of over 60°C is reached. 

iii). Mature composts quickly comes into equilibrium with the soil 

whereas raw organic wastes can cause a period of major disruption which are 

often detrimental to the soil processes. 

iv). Compost heaps are free-standing, while manure slurries require 

tanks or pits for storage. 

v). Different materials can be blended or mixed together which can 

increase the nutrient content of the end product. 

Table 2.2. gives an indication of the composition range of composts which 

shows that farm/garden composts are more or less 'superior' than municipal 

composts in terms of nutrient contents. 

Table 2.2. Chemical composition ranges of matured composts (Gray 
and Biddlestone, 1981). 

Weight - % dry basis 

Substance < ------ Municipal wastes 
Farmyard manure-----> 

Organic matter 25 - 80 
Carbon 8.0 - 50 
Nitrogen (as N) 0.4 - 3.5 
Phosphorous (asP20 5) 0.3 - 3.5 
Potassium (as K20) 0.5 - 1.8 
Calcium (as CaO) 7.0 - 1.5 
Ash 65 - 20 
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2.4. Effects of organic fertilizers on soil organic matter and soil physico

chemical and biological properties: 

2.4.a. Soil Organic matter 

Soil organic matter is regarded by some as the vital and essential link 

controlling soil productivity (Batey, 1988). The general statement being that, 

all other factors being equal, a soil with high organic matter level has a good 

physical condition. If organic materials/fertilizers are capable of increasing 

the soil organic matter level, then it could be expected that at least some of 

the soil's properties would be improved. 

Organic matter to a great extent is responsible both directly and indirectly for 

making the soil environment suitable for plant growth through its effects on 

soil aggregation which in turn influences soil encrustation, water infiltration, 

moisture content, drainage, tilth, aeration, temperature, microbial activities 

and root penetration (Batey, 1988). 

Cooke (1977) reported that in Broadbalk Wheat Experiments in Rothamstead, 

after 100 years of continuous annual application, farmyard manure-treated 

plots had 2.58% Carbon (C), fertilizer-treated plot had 1.19% and the 

untreated soil with 1.09%C. In another experiment in Woburn (Bedfordshire) 

on loamy sand soil, 75 t/ha of FYM applied annually from 1942-1967 raised 

% C in soil from 0.87% to 2.26% and the same weight of sewage sludge 

given only from 1942 to 1961 raised % C to 2.87% . However, there will 

be a point in time when an equilibrium is ultimately reached where %C in soil 

becomes constant after several yearly similar 

additions of manures. 

Plaskett (1981) estimated that an application of farmyard manure at 35 t/ha/yr 

represents only about 4 t /ha/yr of organic carbon, the rest is moisture and 

non-carbon dry components. Thus, it would take about 11 years of such 

additions to increase soil carbon from 1 percent to 1.5 percent, even if none 
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of the added carbon were lost. 

In the Hoosfield Barley experiment which was continuously treated since 

1852, Jenkinson and Johnston (1975) reported the following effects on soil 

properties: 

% C % N Bulk Density (glee) 

Treated with NPK fert. 1. 10 
Treated with FYM 3.38 

0.105 
0.29 

1.50 
1.29 

Some authors (Allison, 1973; Warman, 1980) stated that green manures will 

maintain or increase organic matter or maintain or increase soil nitrogen levels 

but not both at the same time. He further stated that plant materials typically 

low in N i.e., 1.5 % N or less on a dry weight basis can be effective in 

improving the organic matter content of the soil. 

Organic matter concentration in the soil is related to both the rate of addition 

and the rate of decomposition of organic residues. To create an increase may 

require a change in cropping system i.e. change in crops used in a rotation 

and the retention of more of the plant residues in the soil. Additions or 

application of brought-in farm manures are mainly for the purpose of 

augmenting the growing crops' requirement for nutrients which the soil could 

not supply and not necessarily to increase soil organic matter levels. It 

appears that additions of farmyard manures have to be frequent and large 

amounts of materials need to be applied to produce any significant change in 

the amount of soil organic matter. The availability of other bulky organic 

materials such as compost, sewage sludge as well as poultry manures are 

limited and their use would be restricted by transport and spreading costs as 

well as potential content of toxic metals. 

From the literature it is evident that organic fertilizers that are applied in small 

quantities are not likely to have any significant effect on soil organic matter 

levels. Batey (1988) stated that after correction for the fraction decomposed, 

any ultimate addition to soil organic matter is likely to be less than 20% of 
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that applied by the end of the first season. For example, after an application 

of 300 kg/ha of an organic fertilizer, a residue of about 60 kg/ha would have 

little influence when diluted with 2500 t/ha of topsoil which is a typical value. 

Batey (1988) further suggested that to make the most out of the added 

materials, one should reduce the depth of ploughing to avoid bringing up the 

subsoil which could dilute the organic concentration at the surface. In this 

way, the added materials are retained close to the soil surface where plant 

roots can utilize most of the released nutrients during mineralization. 

2.4.b. Soil Biological Properties 

The soil has many different microbial and other life forms. Soil biological 

activity which is dependent on the numbers and species diversity of 

microorganisms is crucial to soil productivity particularly on organic farms. 

Table 2.3. shows an approximate number of some organisms in a typical 

agricultural surface soil and their mass in a depth of 15 cm (Batey, 1988). 

Table 2.3. Approximate number of some organisms in a typical 
agricultural surface soil (Batey, 1988). 

Soil organisms Number per gram of dry mass kg/ha 
soil 

Bacteria 100 million 1600 

Actinomycetes 2 million 1600 

Fungi 0.2 million 2000 

Algae 25,000 320 

Protozoa 30,000 380 

Nematodes 1.5 120 

Earthworms 1 per kg 800 

Plant residues, manures, composted organic materials etc., contain many 

different organic compounds, sugars, starches, proteins, waxes and other 

complex molecules which microorganisms attack. Only a small proportion of 

the nutrients which these sources contain is immediately available to the 
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plants. The other constituents require the process of mineralization to 

breakdown the organic matter and convert the nutrients into soluble forms that 

can be taken up by the crop (PAO Bulletin, 1975). 

Mineralization is microbial and the rate is therefore, governed by the factors 

affecting microbial growth. Foremost of which are temperature and aeration. 

Mineralization is very slow in dry soils. However, excess water such as in 

waterlogged conditions may suppress nitrification due to lack of oxygen. 

When moisture content of the soil is above 70 % of the water holding capacity, 

Lewis (1986) observed that mineralization decreased due to poor aeration. In 

areas with wet-dry cycles, onset of rainfall increases the rate of 

mineralization. Soil aeration effect depends on whether the mineralizing 

organisms are aerobic or anaerobic. 

Thermophilic organisms are mostly involved in the process of mineralization 

and the optimum temperature is usually between 40°C and 60°C for 

ammonification to occur (Lewis, 1986). 

The decomposition rates of plant litter whether determined by weight loss 

(Standen, 1978) or by the release of mineral nutrients (Anderson et al., 1983) 

is enhanced by the presence of invertebrates in soils. The ability of the soil 

fauna to comminute and incorporate organic matter and to increase the 

turnover of microbes (Malowe and Reichle, 1973) and alter the microbial 

population present justify their importance in the soil. 

Earthworms can significantly affect the decomposition of organic matter in the 

agroecosystem. They accelerate organic matter decomposition directly by 

consumption and indirectly by incorporation of organic matter into the soil and 

stimulating microbial activity in the casts they produced and around burrows 

(Hamilton and Dindal, 1983; Shaw and Pauluk, 1986). Jensen (1985) 

reported that in barley fields, earthworms accounted for 5% to 21 % 

(depending on the soil type) of the total mass loss from straw enclosed in litter 

bags. Mackay and Kladirko (1985) reported that Lumbricus rubellus 
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increased the decomposition rate of soybean residues by 26% and maize by 

33% in pot experiments. Parmelee (1990) studied earthworm and enchytraeid 

densities and biomass in conventional and no-tillage agroecosystems and 

reported that in the no-till system, earthworm densities were 70% greater than 

in the conventional while enchytraeid densities and biomass in the no-till 

system were 50-60 % greater. 

Bohac and Pokarzhensky (1987) studied the effect of manures and NPK on 

soil macrofauna in chernozem soil under barley and found that plots with 

farmyard manures had the maximum species density of soil macrofauna 

followed by plots fertilized with 300 kg/ha of NPK. The control or 

unfertilized plots had a more diverse species of soil macrofauna than plots 

fertilized with 600 kg/ha N which they explained could be due to increased 

pH, salinity, changes in osmotic potential and water regime. 

Parallel to the above findings, Pokarzhensky et al., (1987) reported that 

increased use of manures in agroecosystem increases soil animal population 

because manures induce the growth of cellulolytic microorganisms which in 

turn are the nutrient source for saprophages. 

Long term fertilization of loamy sand with liquid manure caused marked 

accumulation of organic matter in the soil, improved its biological properties 

and consequently increased the soil's productivity (Myskow et al., 1987). 

Haystead (1987) conducted a survey comparing organic enterprises with 

conventional farms in New Zealand which commenced in 1984. It was 

reported that biological activity; earthworms, mesofauna and the soil 

microbiomass showed substantial differences between soils under permanent 

pastures and rotation~lly cropped soils. Earthworm biomass was found to be 

greater on two (out of 8 farms surveyed) of the organic dairy farms. In 

conventional farms, it was observed that the use of chemical fertilizers and 

pesticides does not seem to have any detrimental effects on the soil biomass. 

This is not surprising, however, since soil organisms thrive on plant and 
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animal debris which are also present in conventional farms. Thus, if both 

systems could support active microbiomass, then the difference would lie in 

the species present and population diversity. Unfortunately, this was not 

measured in his study. 

Shifts in microbial numbers and activity in soil are often related to changes in 

carbon inputs to soil as a result of management-related changes in crop type 

or residue addition. Soil microbial populations are increased by additions of 

animal manures or by synthetic fertilizers where crop residue and soil organic 

matter levels are simultaneously increased (Martynirik and Wagner, 1978). 

2.4.c. Soil physical properties 

Greenland, Rimmer and Payne (1975) found that for many British arable soils, 

2.5 per cent organic carbon was necessary to give a really stable soil 

structure. Batey (1988) estimated the weight of the ploughed layer of an 

arable field as about 2500 t/ha; 2.5 % therefore, corresponds to 62.5 t/ha of 

organic carbon or 108 t/ha of soil organic matter. This suggests clearly that 

it is difficult to apply enough organic material to influence quickly the organic 

matter content of a soil (Plaskett, 1981) and subsequently soil physical 

properties. 

MacRae and Mehuys (1985) gave a comprehensive review on the effect of 

green manuring on the physical properties of temperate-area soils. From the 

literature cited they concluded that: 

1) Organic matter does not directly affect all physical parameters but most 

likely affected directly are aggregate stability and bulk density. 

2) Green manures maintain soil organic matter levels under particular though 

not well defined conditions and that different plant species used as green 

manures vary widely in their effect. 3) Green manures do not necessarily 

improve the soil physical conditions even when total soil organic-matter levels 

are maintained or increased. There is, however, a need for more information 

on the relationship between green manuring, soil organic matter levels, and 

18 



soil physical properties before more meaningful conclusions could be made. 

4) Even if the soil physical condition is improved, it does not necessarily 

follow that crop yield is also improved. 

Not all kinds of organic matter act as effective stabilizing agents of soil 

aggregates. Materials such as peat, sawdust, and essentially all kinds of 

undecomposed crop residues have little effect in stabilizing of aggregates but 

they help to keep aggregates small (Allison, 1973). It is primarily the 

products of microbial and fungal activities that acts as stabilizers. Thus, well 

rotted manures and composts will not be active as stabilizing agents because 

microbial activity is reduced. This is parallel to the findings of Martin and 

Waksman (1940) who stated that organic matter additions have no effect on 

soil aggregate stabilization unless microorganisms are present. Similarly, 

Jenkinson and Johnston (1977) reported that soil improvements in physical 

properties result from fresh additions of organic materials; very old or mature 

organic matter has no marked effect on soil properties. This is because there 

is less biological activity which produces mucilages and gums 

(polysaccharides), etc. that binds soil particles together in older organic matter 

compared to fresh materials. It is the end product of decomposition or the 

result of microbial action that serve to cement or bind clay particles together 

into larger size particles. The increase in soil aggregate stability is directly 

related to the ease of microbial decomposition of the added organic material. 

For example, it has been found that additions of alfalfa are more effective 

than peat (Martin and Waksman, 1940). McCalla et al., (1957) found that 

cereal straw or cellulose produced less stable aggregates in the same period 

of time than an easily decomposable substrate such as sucrose or glucose. 

Gilmour et al., (1948) have pointed out that straw and other crop residues can 

provide substrate for microorganisms to produce agents to stabilize soil 

aggregates. 

Chaney and Swift (1986) showed that soils amended with glucose produced 

stable aggregates and the stability was related to the natural soil organic matter 

levels and to the original stability of the natural aggregates. However, 
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stability induced by incubation with glucose was transient and declined over 

a period of 12 weeks. This was attributed to microbial extracellular 

polysaccharides and their subsequent decomposition. Results of a 14 day 

incubation study by the same authors with and without glucose, suggests that 

humic substances were capable of stabilizing aggregates under different 

conditions where extracellular polysaccharides were ineffective. 

The effect of cattle manures and its humic fractions on the aggregate stability 

of a sandy loam soil has been studied by Fortun et al., (1989). Results 

showed that the addition of manure itself was not effective in producing water

stable aggregates but stability was significantly improved after two weeks 

incubation with organic fractions such as fulvic/humic acids. 

Apparently, the effects and effectiveness of added organic matter vary with 

soil texture and the source and type of organic matter. Furthermore, the 

effects do not last long unless continuous additions are made (Batey, 1988; 

Plaskett, 1981). 

2.4.d. Effect on Crop Productivity 

When organic materials such as farmyard manure (FYM), liquid manures and 

slurries, poultry manures, composts or any other materials from plant and or 

animal wastes are added to the soil for the purpose of supplying the crops with 

nutrients then these materials could be classified as organic fertilizers. Cooke 

(1982) however, classifies organic fertilizers as only those wastes from 

processing animal and plant products which contain high percentages of N and 

P. Some of the materials are listed in table 2.4. 

The value of any organic material as a fertilizer can only be evaluated through 

it effect on soil properties and consequently, crop performances i.e. yield 

increases, improvement in the quality of the produce i.e. increases in 

palatability, increased protein contents of grains, etc. 
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Early studies by Haworth (1966) have shown that Nitrochalk performed better 

than hoof and horn meal on spring and summer cabbage and potatoes. They 

attributed this result to hoof and horn meal having a slower rate of 

mineralization of its organic N. Unfortunately, the report did not give details 

on the analysis of the materials used and the basis for the chosen application 

rates. 

Table 2.4. Some concentrated organic fertilizers (Cooke, 1982). 

Type Origin Approx. amts. of the 
principal constituents 
(% of total) 

Nitrogen P2Os 

Hoof & horm slaughterhouses 10-12 -
meal 

Dried blood slaughterhouses 12-14 -

Shoddy wool wastes 3-12 

Meat & Bone slaughterhouses 6-10 18 
meal, carcass 
meal 

Fish meal, fish fish processing 7-14 9-16 
manures 

Leather wastes leather making 7 -

Castor meal residue from oil seed 5-6 1-2 
processing 

Rape cake oil-seed processing 5 -

Bone meal grinding/ crushing 3 20 
of bones 

Steamed bone steaming bones 0.5-0.8 26-29 
flour/meal 

Guano bird/bat/poultry 10 12 
excrement 

Protox (derived from the activated sewage process), dried blood and 

feathermeal was compared with ammonium nitrate as base and surface applied 

topdressings in a study by Smith and Hadley (1988) on summer cabbages. 

Results of their study showed that at rates higher than 250 kg N/ha the base 
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application of Protox and feathermeal to summer cabbages gave larger yields 

than ammonium nitrate but dried blood gave similar results from those of 

inorganic N treatments. However, yield response of summer cabbages with 

surface-applied top-dressings of organic N materials was only 10-50% of that 

with ammonium nitrate. They considered that ammonia volatilization from the 

organic N sources was responsible for the decreased yield. 

Animal manures are another source of plant nutrients and ways of disposing 

of them as fertilizers are being studied. Evans et al., (1977) compared the 

effects of solid and liquid beef manures and liquid hog manures against 

inorganic fertilizer on soil characteristics and growth, yield and composition 

of corn. Results of their study showed that a) corn grain yields from manure 

treated plots were not significantly different from the inorganic fertilizer 

treatment, b) all manure treatments significantly increased N, P and K levels 

and decreased the Ca and Mg levels in the plant tissues and grain in some 

year. There was, however, a rapid movement of N03-N below the rooting 

depth of corn on manure treated plots particularly at higher rates. Thus, 

continued annual application might prove detrimental even though grain yields 

were not affected. Similarly, it was reported by Mugiwra (1976) from his 

study that at high rates of dairy cattle manures, excessive accumulation of 

nitrate in plants and soils occurred. He suggested that 22-44 M t/ha of dairy 

cattle manure were more effective than higher rates in stimulating millet 

growth. 

Injected liquid manures at the rate of 90 t/ha was reported to increase corn 

grain yield by 14% above that from the inorganic fertilizer treatment. Also 

there was higher concentrations of NH.i and N03 together with build-up of P 

and K to a greater depth within the soil profile from injected manures 

compared to surface-applied manure (Sutton, et al., 1982). 
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2.5. Synthetic/chemical and some natural inorganic fertilizers 

Any fertilizer applied to the soil undergoes physical, chemical and biochemical 

reactions that could have both positive and negative results. Such reactions 

could lead to the formation of products more suited to the soil environment or 

can result in significant losses of nutrients from the soil-root zone after 

application. It is evident that the characteristics of the fertilizer added and the 

nature of the soil environment where the fertilizer particle were applied 

largely determines the nature of the reaction products that form in the soil. 

In the following review only a few of the more commonly used chemical 

fertilizer grades/types will be considered. 

2.5.a. Characteristics and their reactions in the soil 

Chemical fertilizers are made up of highly soluble materials usually of high 

nutrient concentrations which the plants can uptake readily. Thus, crop 

response to chemical fertilization is rapidly observable particularly under 

deficient conditions. Once these fertilizers are applied to the soil, they 

undergo chemical reactions as illustrated below. Several of these reactions are 

also observed where organic fertilizers are added to the soils i.e. 

mineralization-immobilization. 

i. Nitrogenous fertilizers 

a. Ammonium suphate: (NH4)2S04 - contains 21 % N 

Reaction in soil: 

(NH4)2S04 ------------> NH/ + so/- (1) 

NH4 + + 3/5 0 2 -------- > N02- + H20 + 2H+ (2) 

2N02- + 0 2 ----------- > 2N03- (3) 

net: (NH4)2S04 + 402 ---> 2N03- + 2H20 + SO/- + 4H+ (4) 

b. Urea: CO(NH2) 2 - contains 45-46% N 

Reaction in soil: 

23 



CO(NH2h + 2H2O --------- > (NH4) 2CO3 (5) 

(NH4) 2CO3 + H2O --------- > NH4OH + H2CO3 (6) 

net: (NH4) 2CO3 + 402 ------ > 2NO3- + 3H2O + CO2 + 2H+ (7) 

Nitrification occurs which is the oxidation of NH4 + to NO3- with NO2 as an 

intermediate conversion. An important consideration in the reactions is the 

generation of 2H+ ions per N~ oxidized (2) in ammonium sulphate and 1 

mole of H+ per mole of N~ in urea (7). Thus, ammonium sulphate is 

sometimes known as "acid" fertilizer (During, 1984). 

Rapid hydrolysis of urea in soils can result also in high pH values and high 

ammonium ion concentrations which are conducive to ammonia accumulation 

(Gould, et al., 1986). The major problems observed in urea fertilization are 

the loss of volatile ammonia gas and ammonia toxicity to germinating 

seedlings (Court et al., 1964 cited from Gould, 1986). Furthermore, very 

high concentrations of applied urea could produce nitrite sufficient to cause 

gaseous losses of N2 and N2O (Christiansen et al., 1979). The accumulation 

of nitrite in soils can be toxic to plants. 

n. Phosphatic fertilizers 

a. Triple Superphosphate: Ca(H2PO4)i * H2O consists of water 

soluble monocalcium phosphate, some dicalcium phosphate and a little amount 

of unreacted rock phosphate. Typical examples contain 18 % water soluble P 

and 20% total P (During, 1984). 

Reaction in soil: 

Ca(H2PO4)i *H20--------- > CaHPO4 *H2O + H3PO4 

b. Diammonium phosphate: (~)2HPO4 - considered as ammonium 

orthophosphate, Pis 100% water soluble and contains 19-21 % N and 20-23 % 

P. 

Reaction in Soil: 

(NH4)iHPO4------------- > NH4 + + HPO/ 

Once applied to the soil and are dissolved by soil water, reactions occur 
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among the phosphate, soil constituents and the nonphosphatic compounds. 

When soluble P forms are added to the soil, high P concentrations and very 

acid conditions occur near the fertilizer granules and forms AlPO4 and FeP04 

which are amorphous and reverts to crystalline forms which are extremely 

insoluble (Englestad and Terman, 1980). 

With diammonium phosphate, the pH of a saturated solution is about 9 and in 

calcareous soils a greater proportion of insoluble reaction products will be 

formed than would in triple superphosphate (Tisdale and Nelson, 1975). The 

released NH4 + can also react with CaCO3 and is subject to NH3 volatilization 

with simultaneous precipitation of calcium phosphate (Papadopoulos, 1985). 

In alkaline and P deficient soils, the NH4-N in diammonium phosphate may 

have a simulatory effect on P availability due to the temporary acidifying 

effect of the soil adjacent to the P granules which can stimulate root growth 

and increase in the metabolic activity of plants. Therefore, there is a higher 

early growth response and occasionally higher crop yields obtained from 

diammonium phosphates than calcium phosphates of similar P solubility 

(Englestad and Terman, 1980). 

111. Potassium fertilizers 

Potassium chloride (KCl) known more commonly as muriate of potash and 

potassium sulphate (ca. 50% K or 60% K2O). In pure form, potassium 

chloride is a very soluble crystalline white salt (During, 1984). However, 

when refined from sylvinite ore, a mechanical mixture of KCl (sylvite) and 

NaCl (halite), the salt is often reddish due to contamination with minor 

amounts of iron oxides that are occluded in the crystals of sylvinite ores 

(Dancy, 1984). 

Reaction in soil: 

KCl + H2O --------- > K2O + HCI 

The above reaction shows that soil acidity can be created with KCI 

application. During (1984) reported that in mowing experiments the 
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application of 250 kg /ha potassium chloride each year sometimes increase soil 

acidity caused by preferential absorption of potassium by plants leaving a 

surplus of chlorine ions in the soil. Fortunately, this is not always the case 

and that pH changes are very small. 

iv. Natural inorganic fertilizers 

a. Gypsum (CaSO4*2H2O) - contains 16.8% S 

The process is actually an acidifying reaction since 2H+ are generated for 

every S atom oxidized. A disadvantage is in the formation of acid clays or 

'cat clays' soils where the process bring about extremely acid conditions 

particularly under submerge conditions. 

Under anaerobic conditions, sulphates tend to be unstable where they are 

reduced to sulphides. Thus, sulphur oxidation-reduction in soils determine the 

quantity of SO4 = which is the available form of S to plants and the consequent 

degree of acidity produced. 

b. Elemental sulphur (S) - contains 30-99.5% S; 

Elemental sulphur must be oxidized by soil microbes before plants can utilize 

it because of its insolubility. 

Reaction in soil: 

S + 3/2 0 2 + H2O ----------- > H2SO4 

Other natural inorganic fertilizers include dolomite and reactive phosphate 

rocks. 

2.6. Major differences between organic, natural inorganic and 

inorganic/synthetic fertilizers. 

Application of most chemical fertilizers which are highly soluble may give rise 
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to soil acidity and some nutrient imbalances in the soil. In the same way that 

soil pH can change significantly, it can also alter the availability of some 

minor or trace elements. An imbalance created by chemical fertilizer 

application can make practically whatever quantity available of a trace element 

disappear even when there were originally adequate quantities of the element 

available in the soil (Voisin, 1965 cited from Hodges (1981)). Chemical 

fertilization practices generally only recommends the regular replacement of 

the four major elements, N, P, K, S except where there is a specific 

deficiency for a certain element. 

On a nutrient per nutrient basis, it will take tons of organic fertilizer to meet 

recommended fertilization rates compared the weight of soluble inorganic 

fertilizers which range from 4-800 kg /ha depending on crops and soil. 

Studies by Gill and Muller (1982) on the substitution of N and P fertilizers 

with farmyard manure on loamy sand soil planted to rice-wheat rotation 

showed that the application of 80 kg N and 12 tons farmyard manure per ha 

was comparable to the yield of rice applied with 120 kg N per hectare alone. 

Therefore, 12 tons of farm yard manure per hectare could substitute for 40 kg 

N as inorganic fertilizer for rice. 

It must be emphasized that large scale use of organic materials as fertilizers 

depend on a number of factors such as; climatic conditions, level of 

agricultural mechanization, availability of low cost organic materials in large 

quantities, specific needs of soils for amelioration of the its physical 

condition, influence of constraints such as water supply and transport charges 

and the substantial economic gain to the farmer by using them (Horn, 1977). 

2.7. Conclusion 

The philosophy and development of techniques to be used in organic farming 

systems, in New Zealand is in its infancy. Very limited published information 
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have been found regarding the use and effectiveness of fertilizer materials that 

are accepted under the NZBPC. Furthermore, the large variability of 

components/ constituents of organic materials particularly compost and 

manures makes it difficult to establish the availability indices of the nutrients 

contained in these materials. It is therefore, difficult to make 

recommendations for growers regarding the correct application rates and 

timing of organic fertilizers to meet plant nutrient requirements because there 

is no reliable data at hand to aid in choosing the correct rates. 

From the cited works, it can be inferred that additions of organic materials has 

two main effects; either to increase or maintain soil organic matter or these 

materials are added as fertilizers to provide crops with the required nutrients. 

Organic farming practices such as green manuring and crop rotations are 

attempts either to maintain or increase organic matter levels in the soil and 

subsequently improve soil physical properties such as aggregate stability. 

Additions of animal manures or wastes from plant and animal processing can 

provide crops with required nutrients particularly nitrogen. However, the 

plant recovery of N from organic sources are much lower compared with 

reported plant N recoveries from inorganic sources. There are very few 

instances reported where these materials gave comparable if not even better 

crop yields than inorganic sources. 

Most of the studies undertaken were on the effect of organic materials on the 

organic matter level of the soil. There were very limited studies on the actual 

effects of organic materials on soil physical and chemical properties and crop 

productivity. 

All normal surface soils contain organic matter and on several studies where 

organic matter was added, changes in organic matter levels were not detected. 

Where the effect of organic matter addition are to be assessed, it would seem 

profitable to use soil low in organic matter contents. 
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Some of the studies on organic fertilizers have been conducted for only a 

comparatively short time. There is much evidence that soil aggregation and 

stabilization are properties affected in the long term. Often there are 

inconsistencies in the results obtained in a one-month laboratory experiment 

or in one-season field experiment and in soils left undisturbed for many years. 

Newly formed aggregates are likely to be only moderately stable compared to 

old aggregates which are more firmly cemented and longer lasting (Allison, 

1973). 

From the literature survey insufficient information on the experimental 

conditions was given to determine reasons for inconsistency in results 

associated with organic fertilizers. In most of the studies on the fertilizing 

value of these organic materials, only the major elements, N, P, and K are 

studied and almost always the possibility of the effects of associated trace 

element present in the materials is overlooked. 
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CHAPTER 3 

MATERIALS AND METHODS 

3.1. Field Trial 

3.1.a. Trial Site 

In 1987, MAF (Tech) Horticultural Research Centre in Levin set up an 

organic farm trial to evaluate the performance of some possible fertilizer 

sources under an organic farming system. This trial is ongoing and compost, 

whey and mineral fertilizers have been added annually to the site for three 

years before this study commenced. 

3.1.b. Soil Type 

The soil in the trial site is Levin silt loam classified in USA taxonomy as an 

U mbric Dystrochrept which in the New Zealand soil classification is a 

moderately leached intergrade between the yellow-brown loams and yellow 

brown earths soil groups. It is fine silty, mixed, mesic, friable, freely 

draining soil to 80 cm., of moderate natural fertility, high % P retention with 

moderate reserves of Kand Mg (A.Palmer, 1991, pers. comm.). 

The parent material is greywacke alluvium overlain with some loess and 

volcanic ash material. These soils are not easily pugged making them 

suitable for cropping and intensive use (During, 1984). 

3.1.c. Nutrient Status 

Some soil characteristics at the commencement of the study are presented in 

table 3.1. 
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Table 3.1. Soil Characteristics at the start of the study. 

Depth of pH Total MAP Quick Tests 
sample in water (Ave. of control) 

N(%)1 C(%)2 p K Ca Mg Na 

0-15cm 5.8-6.1 0.47 4.4 24 8 6 10 9 

K eldahl d1 estion done on sam les taken 20 da s after sowm J g p y g 
2Leco Combustion done on samples 20 days after sowing. 

For the growing of sweetcorn, MAFTech (1986) recommend for this soil type 

that Olsen P should be 45 - 50 and K test 8 - 9. Whether these levels 

represent a non-responsive situation is unclear as no published information is 

available for sweetcorn P and K responsiveness. 

3.1.d. Climate 

The weather condition during the growing season (November 1989 - March 

1990) are summarized as follows: 

Table 3.2. Weather condition during the growing season (November 
1989-March 1990). 

Nov Dec Jan Feb Mar 

Rainfall Tot.(mm) 41.6 74.6 151.9 17.4 247.4 
Mean Monthly 

(mm)· 89 104 84 70 76 

Ave Temp Max 19.8 19.1 21.9 24 22 

Ave Temp Min 11.9 11.5 13.3 15 13.4 

Ave.S/shine Hrs 6.4 5.5 7.4 8.2 5.8 

Mean monthl 1949- 980. NZ Met. Service Misc, Pub. 177 . Dunn Y ( ) g the 
early growth of sweetcorn, rainfall was lower than average but in January and 
March, higher than average rainfall occurred. 

3.1.e. Cropping History 

The experimental site had previously been planted to the following crops 
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following an unknown period in pasture: 

1st crop winter brassicas 1987(winter) 

2nd crop super sweetcorn 1987/88 

3rd crop vetch and ryecorn 1988(winter) 

4th crop squash 1988/89 

5th crop ryecorn 1989(winter) 

After each summer crop the stubble is turned back into the soil. All winter 

crops are ploughed in. 

3.1.f. Treatments 

Treatments used for the trial are as follows: 

a) Whey - is a liquid by-product of the dairy industry. 

b) Compost - is a solid organic waste made up of the following 

materials under a windrow composting system; 

Asparagus tops (green) -15 % , Grass/pasture -15 % , animal manure-

30% and straw-40%. 

c) Mineral fertilizers - which include potassium sulphate, North 

Carolina reactive phosphate rock (RPR) and dolomite. These mineral 

fertilizers are acceptable to the NZ Biological Producers Council. 

The compost and mineral fertilizers were applied on 2/11/89 about four weeks 

before planting and whey was applied on 15-16/11/89, two weeks before 

planting. All fertilizers were applied only once and worked in the soil to a 

depth of 12 cm. 
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3.1.g. Application Rates 

The materials were applied at the following rates: 

Material added Control Low Medium High 

whey (m3/ha) 0 80 160 240 
Compost(m3/ha) 0 80 160 240 
Mineral(kg/ha) 

RPR(NC) 0 375 750 1500 
K2S04 0 80 160 240 
Dolomite 0 2 4 6 

Table 3.3. Application rate based on nutrient analysis is as follows (in 
(kg/ha). 

Level/Form N p K Ca s Mg Cl 

HIGH Whey 336 156 360 300 36 24 216 

Comps 690 461 360 99 - 45 -

Min - 156 360 57 144 24 -

MED Whey 224 104 240 200 24 16 144 

Comps 460 307 240 66 - 30 -

Min - 104 240 38 96 16 

Low Whey 112 52 120 100 12 8 72 

Comps 230 154 120 33 - 15 

Min - 52 120 19 48 8 

3.1.h. Chemical analysis of compost and whey 

3.1.h.1. NH4-N and NOrN content 

Whey and compost were analyzed for inorganic N content by the 2MKC1 

extraction procedure and NH4-N and NO3-N was determined using the 

AutoAnalyzer Machine. 
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3.1.h.2. Total N and P 

2 g of compost and 1.0 g of whey were digested with 4ml of Kjeldahl digest 

mixture for Total N and P determination using the Autoanalyzer method 

(Twine & Williams, 1971; Technicon, 1976). 

Analysis shows the following results: 

Material (%) (%) NH4-N NO3-N %N 
Tot.N Tot.P (ug/g) (ug/g) morg. 

compost 0.55 1.9 255 124 7 

whey 0.12 0.41 18.01 neg. 1.6 

Note: most of t1e Pm the whe 1s mor amc Radford et al 1~ y g ( :56. Com p ost 
P is mostly in organic form (Gray and Biddlestone, 1981). 

3.1.i. Design and Layout 

The trial design was a split-plot with three replications. The treatments are 

completely randomized (Appendix 1.) and each main plot was divided into 

nine plots measuring 15 m long and 16 m. Each of the 9 plots was 

subdivided into 4 subplots to allow for the four rates of application. There 

was one control for each fertilizer form. Each subplot had 8 rows of 

sweetcorn. 

3 .1.j. Planting 

Variety Honey and Pearl sweetcorn seeds were mechanically sown on 

29/ 11/89 about three weeks after compost and mineral fertilizer application at 

a spacing of 0. 75 x 0.2m. 

Weeding was done only once at the early stage of plant growth using a tyne 

weeder. Since it is an "organic trial" no pesticides or weedicides were 

applied. 
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3.2. Measurements 

3.2.a. Plant Sampling 

Whole corn plants (excluding roots) cut approximately 5 cm from the base 

were harvested at different dates as follows: 

Sampling Days No.of Stage of Growth 
date after Plts. 

Sowing sampled 

19/12/89 20 10 Plt. emergence 

11/ 1/90 40 10 Collar of 8th Leaf visible 

31/1/90 60 6 Collar of 16th leaf visible 

1/3/90 90 6 Silking 

20/3/90 120 10 maturity 

It can be noted that in two sampling periods only six plants were taken which 

was due to the limitation on total number of available plants in the rows. 

Whole plants were taken randomly from each side of the inner guard row of 

the two guard rows of each subplot. This sampling pattern was necessary as 

the inner four rows were required by MAP for final sampling. Sampling was 

usually undertaken in the morning. The samples were cleaned and weighed 

fresh then sub-samples were taken for drying, dried weights recorded and the 

whole plant samples were ground and stored for chemical analysis. For the 

last/final harvest the plant parts were dried and ground separately into leaves, 

stalks, grains and cobs (less grain) respectively. MAP sampled the trial at 

final harvest by taking cobs from the inner four rows and graded them 

according to quality (grade 1- export; grade 2 - local market; and rejects). 
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3.2.b. Plant Chemical Analysis 

Total N was determined using Kjeldahl digestion method as follows (Mckenzie 

& Wallace, 1954): 

To 0.100g plant sample in a 100ml pyrex tube, 4ml of the Kjeldahl digest 

mixture (250g K2SO4 and 2.5g selenium powder to 2.5 li of H2SO4 in a 5 

li pyrex beaker and heat it or a gas ring until the mixture becomes clear) is 

added to the tubes which are then placed in the digestion (aluminium) block 

at 350°C for four hours. The digest is made up to 50ml, mixed with a vortex 

mixer, let stand for a few hours before total N is determined using the 

Autoanalyser machine (Technicon, 1976). 

Herbage K was determined only on the final harvest samples by the nitric acid 

digestion method and K is measured using the Atomic Absorption 

Spectrophotometer. 

Some leaf samples of the final harvest were analyzed for both macro and 

micro nutrients. 

3.2.c. Soil Sampling 

Soil samples were taken at the same time as the plant samples. Ten soil cores 

of 2.5 cm each in diameter were taken from each subplot in between the two 

outside guards row, 5 cores on each side of the subplot and bulked together. 

The soil samples were wet sieved to pass through a 2mm mesh. Half of the 

sieved sample was air dried and stored for analysis of Total N and C and 

potentially mineralizable N. The sieved field moist soil was immediately 

extracted with 2M KCl for mineral N (NO3 and NH4-N) content. Soil 

moisture content was calculated after drying sub-samples at 105°C. 
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The plots were soil sampled as follows: 

Sampling No. of plots sampled Sampling Depth 
date 

19/12/89 all plots 0-15 cm all plots 

11/1/90 all, except med. rate 0-15 cm 

31/1/90 all 0-15 cm all,15-30cm 
med.rate 

1/3/90 all, except med. rate 0-15 cm 

20/3/90 all 0-15 cm all, 15-30 med.rate 

3.2.d. Soil Chemical Analysis 

3.2.d. l. pH measurement 

For the top 0-15cm. soil, at 1 :2.5 soil to solution ratio. 

3.2.d.2. Extractable N (NO3-N and NH4-N) 

To 2 g of soil, 40 ml of 2M KCl was added and the mixture was shaken 1 

hour in an end-over-end shaker, then centrifuge for 3 min. at 9000 rpm. 

Filter through Whatman #40 and the filtrate collected. 

determined by Autoanalyser (Technicon, 1976). 

3.2.d.3. Total Carbon 

Mineral N is 

Total carbon was determined using the Leco Combustion method (Nelson and 

Sommers, 1982; Tabatabi and Bremner, 1970; Bremner and Tabatabai, 1970). 

3.2.d.4. Total Nitrogen 

Total N was determined using the Kjeldhal digestion method and total N 

measured using the autoanalyzer machine (Twine and Williams, 1971; 

Technicon, 1976). 
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3.2.d.5 Bulk Density Measurement 

Soil samples taken on depths of 0-10 cm and 20-15cm using 2.5cm soil corers 

were oven dried at 105°C. The weights of the samples plus corer were 

recorded before and after oven drying. 

3.2.d.6. Water Balance 

A water balance for the site was calculated using the PTaylor programme 

based on meteorological data of the site (see Appendix 2.) over the growing 

period. 

3.3. N Mineralization Study. 

To measure mineralization potential, two methods were evaluated. 

3.3.a. H:&2 Extractable N (Saggar, 1990 pers. comm.) 

a. To 1 g air dried soil add 2.5ml of 4%H2O2 

b. Shake for a few seconds with a vortex mixer and stand for 30 

minutes. 

c. Add 17.5ml of 0.5M KCl 

d. Shake for 16 hours in a rotary shaker 

e. Centrifuge for 3 minutes at 9,000rpm then filter through a 

Whatman No. 41 filter paper. 

f. Take 5 ml of the filtrate, add a drop of H2SO4 (To avoid NH3-N 

loss) then oven dry (110°C). 

g. Make up the volume to 10 ml and determine mineral N (mostly 

NH4_-N) using the autoanalyser machine. 

h. Subtract the measured NH4-N from the control (no H2Oi) to obtain 

the amount of N mineralized. 
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3.3.b. Anaerobic Incubation study (Waring & Bremner.1964) 

a. To 5 g soil add 15 ml of deionized water 

b. Incubate at 30°C for 7 days 

c. At the end of the period, shake the tubes with a vortex mixer for 

a few seconds 

d. Add 5 ml of SM KCl and shake for one hour 

e. Centrifuge at 9000rpm for 3 min and filter through Whatman 

No.41 filter paper 

f. Collect filtrate and analyze for NH4-N using the autoanalyser 

machine 

g. Measured NH4-N after incubation less NH4 before incubation 

equals mineralized N. 

3.4. Data Analysis 

Statistical analysis of the data was done using the SAS package programme for 

analysis of variance of treatment effects. The trial was analyzed as a split-plot 

design with treatments as main plots and levels as split-plot. Data are 

presented using Duncan level of significance at 5 % probability. 
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CHAPTER 4 

RESULTS AND DISCUSSIONS 

4.1 Effect of fertilizer fonu and rate on the yield of sweetcorn variety 

honey and pearl 

4.1.a. Fresh cob yield 

Visual observations in the field showed that crops treated with whey were 

more vigorous and the leaves were greener compared to mineral and compost 

treatments where yellowing of leaves as well as stunting of growth were 

observed, particularly in the mineral treatment. (See plate 1). 

Fresh cob yield data taken from the inner guard rows for each fertilizer form 

and rate is summarized in Table 4.1. 

TABLE 4.1 Effect of fertilizer form and rate on the fresh cob yield 
(kg/ha). Values in O are weight per cob in kg 

Form 
Rate 

whey mineral compost 

control 10831 (.25) e 9907 (.23) f 12027 (.27) cd 

low 13523 (.30) b 11029 (.25) e 14791 (.33) a 

medium 13728 (.31) b 11777 (.26) d 13589 (.30) b 

high 13024 (.29) b 12679 (.28) C 11557 (.26) de 

Means followed b y the same letter do not differ si mfic g antly 
(Duncan's Multiple Range Test at p=0.05). 

In general, the additions of all treatment forms and levels had a positive effect 

on the yield of sweetcorn. An exception was the high mineral treatment level 

which was not significantly different from its respective control. At the 

medium level, whey treatment gave the highest fresh cob yield followed by 

mineral then compost. At high levels, the whey treatment gave the highest 
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Plate 1. Trial Site. Taken at tasselling and early 
silking stage of the sweetcorn plant. 



Plate 2. Mature sweetcorn plants taken at final 
harvest (cobs taken out). 



yield.. Yields of compost treatment increased with an increase in level but the 

whey treatment did not. 

TABLE 4.2 MAFfech fresh cob yield with actual MAFf ech plant 
population and MAFfech's cob yield data. Values in () are 
weight per cob 

Fertilizer Form 
Rate 

whey compost mineral 

control 9469 (.22) C 7646 (.19) d 10112 (.20) C 

low 12013 (.28) ab 7359 (.18) d 11182 (.28) b 

medium 12456 (.30) a 9266 (.23) C 9906 (.24) C 

high 12295 (.28) a 11243 (.26) b 8051 (.20) d 

Means followed b y the same letter do not differ s1 g nificantl y ( Duncan's 
Multiple Range Test at p=0.05). 

A discrepancy was observed between the fresh cob yield data calculated in this 

study from the two inner guard rows (Table 4.1) and that obtained by 

MAFTech (Table 4.2). The difference probably relates to the method of 

assessment of plant population density used by MAFTech and that used in this 

study. Furthermore, for all treatment levels the weight per cob from the inner 

guard rows (Table 4.1), where destructive sampling was carried out over the 

growing period, were higher than that obtained from the four middle rows 

(Table 4.2) where plant sampling was done only at final harvest. This effect 

maybe due to less competition for nutrients and moisture by the plants from 

the inner guard rows as destructive sampling would have lowered the 

population per unit area. 

In calculating the fresh cob yield from the guard rows (Table 4.1), the plant 

population density was assumed to be 44,000 plants per hectare irrespective 

of treatment. This value was calculated by averaging the number of plants 

per row from ten randomly selected plots which covered a range of 

treatments. No obvious treatment effect was apparent from this data. 
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However, examination of the MAFTech actual plant population per plot for 

the whole trial (Appendix 3) indicated that although there were significant 

differences in plant population between some treatments (particularly mineral) 

they were relatively minor but would· have some effect on cob yield data. The 

MAFTech overall average population was measured as 42,000 plants per 

hectare which is slightly lower than that used (44,000) to determine cob yield 

in Table 4.1. 

The MAFTech results most accurately reflect treatment yield data for the site 

as MAFTech was able to take more samples from a greater area per plot (i.e. 

4 middle rows) and counted actual plant population per plot. 

Based on MAFTech's actual yield data (weight per cob and actual plant 

population, Table 4.2.) the trend in decreasing order is as follows: medium 

whey > high whey > low whey > low mineral > high compost. No 

significant differences existed between whey treatment levels but yields of 

medium and high whey treatments were significantly higher than compost and 

mineral treatment yields. 

The medium mineral and low compost treatment levels gave yields not 

significantly different to their respective controls with the high mineral 

treatment showing a significant depression in yield. 

Although differences existed between the yield determined in the present study 

and actual MAFTech yield data, it is quite apparent that yields and weight per 

cob obtained have similar trends i.e. both whey and compost additions showed 

significant yield increases over control but overall, the whey treatment 

obtained the highest yields. 

The mineral treatment showed the largest discrepancy between the two yield 

evaluations which could be a reflection of the difference in actual plant 

population density in this treatment. 
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The yields obtained from this trial using MAFTech data in Table 4.2., 

(excluding control yields) ranged from 7-12 t/ha which would be considered 

slightly lower than the average yield level for sweetcorn in New Zealand. 

Wallace (1987), reported a national average of sweetcorn yield for fresh 

market to be 12-15 t/ha. and for processing of about 10-12.5 t/ha. The lower 

yield from this trial maybe attributed to the weed population which competed 

for nutrients and moisture (see Section 4.2-3). It has been reported that weeds 

can take up about 65 kg N/ha when growing in association with maize (no 

value for K given) and as much as 100 kg N/ha and 180 kg K/ha when 

growing in association with wheat (FAO, 1975). 

Reasons to explain yield differences between treatments and their respective 

levels are difficult to identify because each treatment had been applied over 

a period of 3 years and a range of summer and winter crops have been grown 

and their subsequent residues incorporated into the soil. This has created 

different fertility gradients across the trial site. 

For instance, examination of soil test data prior to sowmg of sweetcorn 

(Appendix 4) shows that for the two major nutrients P and K (Appendix 4 

table 3 and 4), which are likely to be deficient, a range of availability status 

existed. For P, the control treatments had an Olsen P value averaging 24. 

With increasing levels of compost and whey, Olsen P values also increased 

and at high levels, Olsen P values were 45 for whey and 36 for compost. 

With the mineral treatment levels, Olsen P values ranged from 24-29 which 

were much lower than the whey and compost treatments. Low compost and 

medium whey levels, which have comparably similar N added, have Olsen P 

values of 34 and 43 respectively. However, the use of Olsen P to characterize 

available P status where reactive phosphate rocks are used has been shown to 

underestimate available P (Saggar et al., 1991) further complicating 

interpretation of yield results in relation to P responsiveness. 

For K, (Appendix 4, Table 5) control treatments had an average value of 4 

prior to sweetcorn sowing, which from the New Zealand literature 

43 



(MAFTech, 1986) would indicate the likelihood of a K response. With 

increasing levels of whey and compost, K values increased with whey 

treatments increasing at a faster rate than the compost treatments. Mineral 

treatments only showed an increase over control at the high rate. 

Mineral inorganic nitrogen (Ni), although determined 20 days after sowing 

(see Table 4.10, Section 4.4.), also showed a marked difference between 

treatments with control plots averaging 33 kg Ni/ha and whey treatments 

increasing to 132 kg Ni/ha at the high rate. Whether these differences exited 

between treatments prior to fertilizer application in 1990 is unknown as no 

measurements of Ni were taken at that time. 

The compost treatment levels also showed an increase in Ni but the rate of 

increase was much lower than the whey treatment. Mineral treatment levels 

showed no differences in their Ni levels with increased rates. 

Of the other soil chemical characteristics (Appendix 4, Table 1) 20 days after 

sowing, pH did not vary much (6.17-6.43) between treatment levels and are 

within the range recommended (pH 5.3-6.8) for sweetcorn by MAFTech 

(1986). Mg (Appendix 4, table 6) increased only at the high rates for all 

treatment forms, from an average control value of 9 .4 to 11 for whey, 16 for 

compost and 13 for mineral. No information on Mg response in relation to 

soil Mg level appears to be available in the New Zealand literature. 

Differences between treatments in relation to fresh cob yield are unlikely to 

be due to soil physical effects. From visual inspection of the soil and a 

limited number of physical measurements (Appendix 5) which include bulk 

density (average 1.08 glee for the top 0-15 cm) and gravimetric water content 

(0.40), there does not appear to be any treatment effects on soil physical 

properties even though a high number of earthworms were observed in all 

whey treatments (MAFTech Annual Report, 1990). 

Another factor that makes it difficult to identify reasons for treatment 
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differences was that each treatment applied contained nutrients in varying 

degrees of availability and different ratios of total nutrient levels (see Chapter 

3 Section 3.1.g.) with only K as the common nutrient added at an equal level 

for the different treatment forms. Therefore, to assess the effects of added 

nutrients in any treatment on yield is difficult as its effects are due not only 

to the actual fertilizer treatment but also due to the residual effects in the soil 

from previous applications. 

To determine whether N additions from the different fertilizer forms 

influenced yields, a comparison can be made between whey and mineral 

treatments at all levels as the mineral treatment had no added N but has 

equivalent levels of P and K. However, the P additions from each of these 

two treatment, although similar at each level, may differ in their P 

availability. Olsen P values, as stated previously, do not reflect the true P 

status of the mineral treatments and therefore, cannot be used to determine 

whether P additions from whey and mineral are equally effective. 

MAFTech recommendations for sweetcorn (MAFTech, 1986) indicates that 

a 16 ton fresh cob yield would have P uptake of only 9 kg Plha or 1.8 kg 

Piton while N cob uptake was 62 kg Nlha or 4 kg Nit indicating that 

sweetcorn is not particularly demanding of P as it is for N. Thus, the 

difference in P availability of the 2 treatments (whey and mineral) may be of 

little consequence. 

To determine whether N form is of importance, a comparison can be 

considered between low compost (230 kg Nlha) and medium whey (224 kg 

Nlha) treatments. However, these treatments have variable total amounts and 

availability of K and P. 

Examination of Olsen P data from these treatments prior to sowing of 

sweetcorn indicates a difference of 10 units (Appendix 4, Table 3). The lower 

value of 34 for compost, however, is still likely to provide sufficient P to be 

considered non-limiting in these treatment comparison. 
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On the other hand, with respect to K, high amounts have been applied over 

the period of 2 years of whey additions; 240 kg K/ha compared to 120 kg 

K/ha from low compost additions. Soil test results in Appendix 4 Table 4 

show that the medium whey treatment had a K value of 11 compared with 5 

in the compost treatment thus, providing a differential K status which 

consequently, would mean that the compost treatment is more likely to be K 

responsive and the whey treatment will not be as K responsive. 

Therefore, if the medium whey treatment had a greater yield than the low 

compost the effect may be due not only to a higher N availability of the added 

whey but also due to a possible K deficiency on the compost treatment. This 

will be discussed more fully in Section 4.3. 

Data in Table 4.2 showed a difference between yields of control treatments. 

The compost control yield was lower than the controls of whey and mineral 

treatments. This may be a positional effect related to the initial lower K status 

of the control compost treatment prior to sowing and the initially lower Ni 

values 20 days after sowing (Section 4., Table 4.10) or simply be due to a 

lower plant population density (Appendix 3). 

With regard to N responsiveness, comparison between whey and mineral 

treatment yields indicate that at all levels, whey performed significantly better 

than the mineral treatment. The added N from the whey maybe the major 

reason since equivalent levels had similar amounts of added K and a large 

difference in N uptake existed (see Section 4.2). Furthermore, at all levels, 

whey had initial soil quick test K values higher than the mineral treatment 

(Appendix 4, Table 4) which suggests that whey treatment levels are not likely 

to be very K responsive initially. Whether N from the application of whey 

prior to sowing in 1990 is mainly responsible for the high yield or due to the 

cumulative effect of whey additions from three years application cannot be 

resolved as Ni levels were not measured on the whey and mineral treatments 

prior to fertilizer application in 1990. 
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One cannot fully eliminate the possibility of the yield difference between the 

mineral and whey treatment being due in part to added P. Even though 

similar in amount added, the P availability may not be the same. Olsen P 

values in Appendix 4, Table 3, show that the mineral treatment had lower 

values than the whey treatments. As previously stated, Olsen P values do not 

truly reflect the P status of mineral plots where reactive phosphate rock was 

added. 

The extent of yield responses for each main treatment was calculated from the 

control of each treatment (Figure 4.1). Data showed that for whey treatment, 

average response was 26 % from its control. Medium level gave highest 

response (32 % ) followed by low level (27 % ) and the high level gave the 

lowest yield response (20 % ) . 

For the compost treatment, yield response increased with an increase in level 

(-4% to 47%) where high level gave a response of 47% which was probably 

due to the low yield value of its control compared to controls of whey and 

compost. Overall average response of the compost treatment over its control 

was 21 %. 

For the mineral treatment, yield response decreased with an increase in level, 

with overall average of -4 % . The high mineral level gave a negative yield 

response of -20% over its control although the weight per cob was not 

significantly different. The unusually high plant population of one replication 

of the control mineral treatment maybe the main reason for this finding along 

with soil nutrient interactions (see Section 4.2-3). 

Overall, the whey treatment gave a better yield response than the compost and 

mineral treatments. Comparison of the yield levels and percentage responses 

of medium whey and low compost treatments, which have equivalent N levels, 

showed that yields and percentage response of medium whey was significantly 

higher than the low compost (Table 4.2). This difference maybe due to 

differences in the N availability from the two treatments. Montagu and Goh 
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(1989), reported that the poor yield of tomatoes treated with compost was 

assumed to be due to the low availability of Nin compost. However, whether 

the difference was due to the high N availability and/or high K status of the 

whey treatment cannot be resolved as no plant leaf analysis were taken to 

identify adequacy of K levels at silking in the two treatments. 

4.1.b. Graded fresh cob yield 

As organically grown sweetcorn has export potential, MAFTech graded the 

fresh cobs from each treatment and classified them into different grades based 

on the percentage filled grains of each cob. Grade 1 is export grade; grade 

2 for local market and deformed or cobs with mostly unfilled grains were 

graded as rejects (Table 4.3.). 

Results show that the whey treatment had the greatest number of exportable 

grade cobs relative to its total yield compared with compost and mineral 

treatments. Total exportable grade cobs from the whey treatment averages 4.9 

t/ha for all levels, excluding control, grade 2 cobs 1.6 t/ha and total rejected 

cobs had an average of 5. 6 t/ha. These grading correspond to an average of 

41 %, 13% and 46% of the total yield, respectively. 

The compost treatment had an average of 2.4 t/ha of grade 1 cobs, 1.8 t/ha 

of grade 2 cobs and average rejected cobs of 4.6 t/ha from all levels 

corresponding to 26%, 23% and 52% of total yield respectively. 

The mineral treatment had the lowest number of grade 1 cobs averaging 1. 8 

t/ha, 2.4 t/ha of grade 2 cobs and 5.4 t/ha of rejected cobs from all levels 

which corresponds to 19%, 24% and 57% of the total yield respectively. 
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TABLE 4.3 Graded fresh cob yield (kg/ha). Figures in O are 

Form/Rate 

Grade 1 

Grade 2 

Rejects 

Grade 1 

Grade 2 

Rejects 

Grade 1 

Grade 2 

Rejects 

percentage of total yield based on MAFTech actual yield 
(Table 4.2). 

Control Low Medium High 

Whey 

2024 (21) 5133 (43) 4888 (39) 4925 (40) 

1676 (18) 1583 (13) 1987 (16) 1217 (9) 

5769 (61) 5297 (44) 5581 (45) 6152 (50) 

Compost 

1829 (23) 896 (12) 2465 (27) 4286 (38) 

1141 (14) 1642 (22) 2579 (28) 2059 (18) 

4676 (61) 4821 (66) 4222 (46) 4898 (44) 

Mineral 

2440 (24) 2115 (19) 2113 (21) 1363 (17) 

2534 (25) 3053 (27) 2482 (25) 1618 (20) 

5138 (51) 6013 (54) 5311 (54) 5070 (63) 

. 
The above data have not been statistically analyzed. However, the mean 
values are from replicates that varied < 10% in yield. 

The results further showed that the mineral treatment had the most number of 

rejected cobs in relation to its total yield. The high mineral level contributing 

the largest number of rejected cobs (63% of total yield). This effect may be 

related to the poor total yield of high mineral level, the reason for which had 

been discussed in the previous Section (4.1). 

These results for grading are parallel to the trend and differences observed in 

fresh cob yield between treatments. 
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4.1.c. Dry matter yield (total plant less roots) 

The total dry matter harvested from the two inner guard rows for all 

treatments are reported in Table 4.4. All treatments showed a yield response 

over the control with the highest yields from medium and high whey > high 

compost > medium mineral. In the whey treatment, dry matter yield of the 

low level was significantly lower than medium and high level. The high 

mineral treatment yield did not differ significantly from the control. 

The dry matter yield, in general, relate to fresh cob yield data presented in 

Table 4.2. The pattern of gain in dry matter yield is shown in Figure 4.2. 

Prior to 60 days, dry matter yield increase was slow but from the 60th to the 

80th day after sowing was rapid and the growth rate slowed after the 80th day 

till maturity. This pattern of dry matter accumulation is consistent with that 

shown for maize (Zea Maize) reported by Hanway (1962), although the length 

of time that sweetcorn is grown is shorter by 2-3 months. 

TABLE 4.4. Dry matter yield of whole plant at final harvest (kg/ha). 

Fertilizer Form 
Rate 

whey compost mineral 

control 5060e 5192e 481lef 

low 5529d 6512bc 6204cd 

medium 7010a 5573d 7040a 

high 6820ab 6482c 4796f 

Means followed b y the same letter do not d1Uer s1 g mficantl . Dunc y ( an's 
Multiple Range Test at p=0.05) 

At any one time, the whey treatment showed higher gains in dry matter yield 

compared with the compost and mineral treatments. Increasing the level of 

whey and compost treatments increased the rate of gain in dry matter yield 

over time. The mineral treatment, however, differed in the pattern of dry 
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Fig.4.2. Dry Matter Yield over tiMe for control (o)I low (a)I high(+) levels. 
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matter yield as low levels gave relatively higher gains compared to the high 

level. 

This pattern of response by the high mineral treatment is similar to the fresh 

cob yield data for this treatment. As indicated previously, there is a 

difference in the plant population between these 2 treatments. In addition, 

evaluation of the N and K uptake data for all mineral levels (Section 4.2-3) 

suggests a lower uptake at the high mineral level. It is possible that in the 

high mineral level the high amounts of added K2S04 (360 kg K/ha) may have 

generated salt toxicity. Corn plants appears to be sensitive to high salt 

concentrations (Mengel and Kirkby, 1978). However, no measurement on 

electrical conductivity was made and this reason must remain speculative. 

Leaf analysis done from samples taken at the final harvest (Appendix 6) 

showed relatively high K concentration (1.09% K) in the high mineral 

treatment which might have depressed yields. 

Pooling all data from the trial, a significant linear correlation existed between 

dry matter yield and sweetcorn N uptake as shown in Figure 4.3. Individual 

treatments showed significant linear relationships with R2 = 0.94 (whey) and 

R2 = 0.92 (compost) respectively while mineral treatment had R2 = 0.89 and 

overall correlation coefficient (r) of 90, signifying the importance of N uptake 

in determining dry matter yield of sweetcorn. 

Stanford (1975), gave N concentrations in the range of 1.16% N to 1.25% N 

(ave. 1.2 % ) in total maize dry matter (stover and grain) associated with near 

maximum yields (maize grain yield of 6.3 t/ha). He further pointed out that 

the percentage N in total dry matter at maximum yield is unaffected by 

variety, location, climate or level of attainable yield. In the present study 

percentage N concentration of the treatment associated with highest yield 

(medium whey) was 1. 7 % N in the whole plant for a 7 t/ha dry matter yield. 

Therefore, the findings in this trial in relation to yields may have a wider 

applicability. 
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4.1.d. Grain Yield 

Grain yield results (Table 4.5.) showed that control plots gave significantly 

lower yields than the 3 treatment levels. Results show similar pattern to fresh 

cob yield (Table 4.1) i.e. medium mineral > medium whey > low and high 

compost > high whey > low mineral > low whey. 

Medium levels of mineral and whey had the highest grain yield of 1911 kg/ha 

and 1829 kg/ha respectively while medium level of compost gave the lowest 

grain yield of 1254 kg/ha which is not different from yields obtained with 

high mineral. 

TABLE 4.5 Grain yield (dry wts. kg/ha) 

Fertilizer Form 
Rate 

whey compost mineral 

control 685h 907g 999g 

low 1429de 1722c 1557d 

medium 1829ab 1254ef 1911a 

high 1690c 1720c 1338ef 

Means followed b y the same letter do not differ si g mficantl y ( Duncan's 
Multiple Range Test at p=0.05). 

Medium whey when compared with low compost treatment gave a 

significantly higher grain yield which is consistent with that observed for fresh 

cob yield and total plant dry matter yield. Possible reasons for this were 

discussed in earlier sections (Section 4.1.). 
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4.2 Plant N uptake 

4.2.a. N uptake of sweetcorn overtime 

Plant N uptake over the growing period is shown in Figure 4.4. The curve 

for N uptake parallels that of the dry matter production as shown in Figure 

4.2. Hanway (1962), also found a similar relationship between N uptake and 

dry matter for maize. After day 40, all treatments showed an increasing trend 

in N uptake of the whole plant over time. Overall, sweetcorn plants took up 

more N from the whey treatment at all levels compared to compost and 

mineral treatments. 

In both the whey and compost treatments, N uptake increased with an increase 

in levels. However, for the mineral treatment, low levels provided a higher 

N uptake than at high levels. 

The highest N uptake of 106 kg N/ha by the whole plant was obtained at the 

medium level of whey which is significantly different from both high and low 

levels. The compost treatment at the high level had a total N uptake of 91 kg 

N/ /ha which is significantly higher than low and medium levels. For mineral 

treatment, medium level gave the highest uptake (87 kg N/ha) and the lowest 

N uptake of 59 kg/ha N at the high level which is not significantly different 

from the control. 

The percentage increase of plant N uptake when whey was added at 224 kg 

N/ha over the control plots was 46% and 42 % when applied at the rate of 336 

kg N/ha. 

Compost, when applied at medium rate of 460 kg N/ha increased plant N 

uptake by 35 % and at the high rate of 690 kg/ha N uptake was further 

increased by 42%. 

Although the mineral treatment had no external source of N added, there was 
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Fig.4.4 Plant N uptake over the growing period for control (o), low (o) and high(+) level 
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an increase in plant N uptake of 22 % at the low level and a 37 % increase at 

the medium level but at the high level there was no difference in N uptake 

from the control. On this treatment the amount of N availability to plants will 

depend entirely on mineralization of the fresh residue added from previous 

crops, particularly the winter crop of 1989. 

The differences in the N uptake occurring between the controls and the 

mineral treatment at all levels would be expected to relate to differences in 

mineralization rate and availability of organic substrate. It might be expected 

that if P and K deficiencies are likely on this soil type, then increasing levels 

of added P and K in the mineral treatment might be expected to effect an 

increase in dry matter production of plants grown in the rotation, particularly 

in the winter crop of 1989. However, yield data of the 1989 winter crop 

(Appendix 7) show little difference in dry matter yield which suggests that 

increased N uptake of the low and medium levels was due to more favourable 

P and K status allowing greater plant growth and N uptake. 

The reduced N uptake at the high mineral level is unexpected and may be due 

to the high amounts of added K2SO4 which might have influenced the 

mineralization ability of the microorganisms due to high salt content or 

possibly a phosphate induced Zn deficiency (Mengel and Kirkby 1978). 

Comparison between the whey and mineral treatments showed significantly 

higher N uptake in the whey treatments which indicates that the sweetcorn is 

responsive to the added N from whey. However, whether the Pin the whey 

treatment also had an effect on the sweetcorn yield is unclear. An attempt 

was made to measure Resin P from the soil samples taken 20 days after 

sowing of the mineral treatment to assess the availability of P between the 

whey and mineral treatments. The Resin P is reported to give a better 

indication than Olsen P of the actual soil P status where phosphate rock had 

been applied (Saggar, 1991 pers. comm.). The Resin P and Olsen P values 

measured at approximately the same period are reported in Appendix 8 and 

Appendix 4, Table 3. Results, however, showed that Resin P only slightly 
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increased with an increase in level of PR added and therefore, do not appear 

to reflect a much higher available P status than that indicated by the Olsen P 

test. 

The data on N uptake indicate that losses of N due to product (cob and grains) 

removal will vary from 32 kg N to 77 kg N /ha depending on the treatment. 

These N removals represent the net N loss from each treatment level, since 

the stovers are turned back into the soil, and therefore they represent the 

amount needed to be replaced to sustain the N status of each treatment. 

At maturity, a large proportion of the N taken up by the plants was in the 

grain component. This is as expected since similar findings are reported for 

maize (Hanway, 1962). On average, about 46% of the total N uptake was in 

the grains, 24.5% in the cobs (less grains), 19% in the leaves and 10% in the 

stalks/stems. (See Table 4.6.). 

4.2.b. N uptake by weeds 

New Zealand MAFTech (1986), reported that sweetcorn N uptake for a 16 

t/ha cob yield is about 62 kg N/ha or 4 kg/t and for the whole plants is about 

112 kg N/ha. With some exception (medium whey and mineral and at the 

high levels of the three forms) data reported in this present study are generally 

lower than the above values and may be due to the competition by weeds at 

the site. 

Uptake of N by weeds was measured only in some treatments and mean values 

are reported in Table 4.6. Data showed that weeds of different varieties had 

taken up 35 % , on average, of the total sweetcorn N uptake. In the high level 

of whey, weeds had taken up as much as 47% of the total crop N uptake. 

N uptake data of weeds, although limited, showed that the amounts of N taken 

up was substantial. While not representing a loss from the plant-soil system, 
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TABLE 4.6 _N uptake of sweet corn parts at harvest (kg/ha) 

Treatment/rate Plant Part 

grain leaf cob (-grain) stover 

Control 

Whey 25.2 11.4 13.5 7.3 

Compost 20.3 13.9 12.0 6.4 

Mineral 26.5 10.5 13.7 4.6 

Low 

Whey 33.7 15.8 20.8 7.4 

Compost 42.0 11.6 21.3 6.5 

Mineral 34.3 9.4 15.8 8.3 

Medium 

Whey 44.3 18.5 32.8 9.9 

compost 28.7 15.1 15.4 6.8 

Mineral 44.9 13.6 21.5 7.5 

Hioh ::, 

Whey 42.5 19.1 22.6 14.5 

compost 43.9 6.3 23.2 7.6 

Mineral 29.8 13.9 11.8 3.4 

d=not determined 

Total Plant Weed 

57.4g 35.4 

52.7g 26.1 

55.2g nd 

77.7de nd 

81.4cd nd 

67.7ef nd 

105.5a nd 

66.0ef nd 

87.4bc nd 

98.7b 46.9 

91. lb 43.4 

59.lfg 29.4 

Total plant + weed 

92.86 

78.79 

-

-

-

-

-

-

-

145.7 

134.5 

88.5 
O'I 
0 



as all weeds are returned back into the soil, considerable competition for N 

during the growing period may have existed between the weeds and the 

sweetcorn. The competitiveness of the weeds is probably of more importance 

in the early growth stages of the sweetcorn. Unfortunately, only the 

sweetcorn N uptake was measured in early stages of growth while the N 

uptake of the weeds was measured only at the final harvest period in some 

treatment levels only. 

In this particular year, weed competition for soil moisture was probably not 

crucial as water balance data indicate soil water deficit condition only for 17 

days in the first 60 days of growth, which are not likely to affect growth 

Appendix 9). 

Visual estimates by MAFTech of the weed population showed that the low 

compost treatment had the largest number of weeds (Appendix 10). There 

was also differences in the weed species present in each organic source. 

Amaranths were more dominant in the whey treatments, polygons were more 

dominant in mineral treatments and compost treated plots have more of other 

weed species not specifically identified. 
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4.2.c. Plant N recovery from whey and compost fertilizers 

N recovered by plants is derived from both the soil and the added fertilizers. 

Apparent plant N recovery from the two fertilizer forms was determined for 

sweetcorn on the whey and compost treatments and weeds only in the high 

levels of both fertilizers (Table 4. 7) 

The net N uptake from each treatment form are on average, 37 kg N/ha for 

whey and 26 kg N/ha for compost. Apparent recovery of N from the 

fertilizer sources are low. These values are also likely to be an overestimation 

as plant N uptake from each treatment is not only a reflection of the fertilizer 

added in the 1989 but also probably from the residual effects of the previous 

two years addition. 

In comparing the low compost and medium whey, which received equal 

amounts of added N, the apparent recovery of applied N showed that medium 

whey treatment had recovery of 22 % of the applied N compared with only 

12 % of compost treatment. 
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TABLE 4.7 Apparent N recovery from whey and compost fertilizers 

Net N uptake1 % Plant N 
Treatment/Form (kg/ha) Recovery2 

Sweetcorn Weeds Sweetcorn Weeds 

Whey 

Low 21 - 18.7 

Medium 49 - 21.9 

High 42 54 12.5 

Compost 

Low 28 - 12.5 

Medium 13 - 3 

High 38 55 5.5 
lTreatment Nu take mmus Nu p p take of control treatment 
2• Recovery = N Uptake of fertilized plant-control X 100/1 

amount of applied fertilizer N 
*(Greenwood and Draycott, 1988). 

-
-

-

16 

-

-

7.9 

This recovery difference further indicates that the N components in compost 

are not readily available to plants. When apparent N recovery by weeds was 

added to the apparent N recovery by sweetcorn, percentage recovery for both 

the high whey and compost treatments increased, but N recovery by sweetcorn 

for the two fertilizers remained low. 

4.3 Plant K uptake 

Plant uptake of potassium was only measured at the time of final harvest and 

results are shown in Table 4.8 for all treatments. Based on the rates of K 

added, results showed that in the whey treatment, plant K uptake increased 

with an increase in level added. While in the compost treatment, K uptake 

was high at the low level then decreased at the medium level and again 

increased at the high level. In the mineral treatment, K uptake increased with 

an increase in level up to the medium level but decreased at the high level. 
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Table.4.8 K uptake of sweet corn parts at harvest. (kg/ha) 

Trt I rate Plant Part Total Weed 
Plant Total 

grain cob* leaf stover plant 
+ weed 

Control 

Whey 18.7 13.7 11.6 40.3 84.4 82.9 167.3 

Compost 10.6 7.7 11.9 26.9 57.1 143.0 200.1 

Mineral 18.4 12.4 10.6 26.1 67.5 nd -

Low 

Whey 24.9 17.2 13.6 33.7 89.4 nd -

Compost 31.2 21.9 10.5 44.7 108.3 nd -

Mineral 26.6 16.7 9.5 45.3 98.1 nd -

Medium 

Whey 33.6 26.1 16.4 45.2 121.3 nd -

Compost 19.9 13.7 13.1 34.6 81.3 nd -

Mineral 19.2 12.8 13.2 55.2 100.4 nd -

High 

Whey 33.3 22.0 13.7 56.9 125.9 137.4 263.3 

Compost 25.7 18.2 15.2 33.8 92.9 85.9 178.8 

Mineral 13.3 7.5 15.7 25.3 61.8 141.5 203.3 

*nd =not determined cob (less grains) 



For the compost treatment, low levels gave the highest K uptake which was 

an 89 % increase over the control and the medium rate gave the lowest uptake 

of 81.3 kg K/ha which is about 42 % increase over the control. In the mineral 

treatment K uptake increased at low and medium level by 45 % and 49 % 

respectively over the control. Similar to N uptake, the uptake of K by 

sweetcorn at the high level of mineral treatment was no different from the 

control. 

Figure 4.5 shows the effect of added K from the different fertilizer on fresh 

cob yield (MAFTech data). As had been discussed in previous sections, these 

response differences may not be due only to the K component of the fertilizer 

form. Compost and mineral treatments showed contrasting results i.e. at rates 

of more than 112 kg K/ha fresh cob yield increased with increase in rate for 

compost while a decrease was observed for mineral. This effect could be 

related to previous explanation given in Section 4.1. 

K uptake is correlated well with dry matter yield (Figure 4.6). The 

correlation coefficient obtained for individual treatments are as follows: whey 

(r=.94), compost (r=.92) and mineral (r=.97). These correlation values 

however, are derived from a limited number of observations. Also, a linear 

relationship was observed with N uptake and K uptake with R2 = 0.79. This 

good relationship is as expected as both K and N are needed by the growing 

crops in more or less similar amounts. As reported by Mengel and Kirkby 

(1978), for grain crops, an intensive rate of grain filling is obtained if the 

level of N-nutrition is high dudng the grain filling period and the K status of 

the plant is also at an optimum level. 

K uptake by weeds was measured in selected treatments and data (Table 4.8) 

showed that their K uptake was surprisingly high. Based on equivalent K 

additions at high rates of whey and mineral treatments, K uptake of weeds 

were as high as 137.4 and 141.5 kg K/ha respectively which are 52 % and 

69 % of the total crop K uptake. Like N uptake by weeds, these values 

indicate that weeds are also competitive for K particularly where the initial 
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Fig.4.6 H uptake against the dry matter yield of sweet corn 
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Fig.4. 7 Helationship between N uptake and H uptake 
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soil K level were low prior to sowing of sweetcorn. These situations include 

the control treatments, the mineral and compost treatment at all levels and 

possibly low whey treatment. 

It can also be observed from Table 4.8 that the control for the compost 

treatment had the highest weed K uptake of 143 kg K/ha which is 72 % of the 

total plant uptake signifying that in this control treatment, the competitiveness 

of the weeds may have influenced sweetcorn K uptake and yield. 

Therefore, the weed population at the trial site is likely to have a marked 

influence on the K uptake of sweetcorn on some treatments and their levels. 

When at early stages of growth, competition for K is of importance (PAO 

Bull., 1973; Nelson, 1956), weed K uptake was not measured in this study 

and the significance of K uptake by weeds on sweet corn yield is difficult to 

evaluate. 

Obviously, weed productivity in any system is a function of crop management 

practices. In an organic farming system, weed control is more difficult as 

chemical weedicides are prohibited. Evidence from the sweetcorn trial 

indicates that weed control was limited (see plates) and total uptake of both 

N and K by weeds were high and similar to those reported (180 kg K/ha) 

when weeds are growing in association with a wheat crop (FAO Bulletin, 

1973) in a conventional farming system. These weeds in wheat decreased 

yields by as much as 40%. Therefore, in an organic farming system, higher 

inputs of nutrients to gain higher yields maybe required, if a high yield is a 

management objective. 

Net K uptake and plant recovery of K from all fertilizer treatments was 

determined, like N recoveries and values are shown in Table 4.9. 

At a low level of added K (120 kg K/ha), the compost treatment had the 

highest % plant K recovery of 43% compared to 4% and 27% for whey and 

mineral treatments, respectively. At medium level of K addition (240 kg 
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K/ha) all treatments had similar percentage recovery in the range of 10-15 % . 

At the high level of K addition (360 kg K/ha), the whey treatment had 12 % 

recovery which more than doubled when weed uptake was added. However, 

the compost control (sweetcorn plus weeds) had a higher K uptake (200 kg 

K/ha), which was mainly from the K uptake of the weeds (72 % of the total 

K uptake), than the high level (179 kg K/ha) that net K uptake became 

negative (-21). Similarly, the high mineral treatment which had a negative net 

K uptake showed virtually, no recovery. 

TABLE 4.9. Apparent K recovery of the different fertilizer forms 

Treatment/Form Net K uptake % Plant K recovery 
(kg/ha) 

Sweetcorn Weeds Sweetcorn Weeds 

Whey 

Low 5 - 4 -

Medium 37 - 15 -

High 42 96 12 27 

Compost 

Low 51 - 43 -

Medium 24 - 10 -

High 36 (-21) 10 -

Mineral 

Low 32 - 27 -

Medium 34 - 14 -

High (-4) 0 0 -

Generally, the trend for the efficiency of plant K recovery decreased with an 

increase in amount of applied K (with an exception for the low whey). 

However, these percentage recoveries from the applied fertilizers might have 

been overestimated as the residual effect from the previous fertilizer 

applications and turned over organic materials could not be accounted for. 
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4.4 Soil N 

4.4.a. Soil inorganic N (2M KCI extractable N) 

Mean values of the measured inorganic N (NO3-N and NH4-N) at 5 sampling 

times are reported in Table 4.10. In all the treatments and levels, NO3-N is 

the dominant nitrogen form (Table 4.10a and b) during the entire growing 

period. This suggests that the soil used for this trial may have developed the 

ability to quickly nitrify NH4-N to NO3-N (Amberger, 1983). In contrast, 

Smith and Hadley (1988) indicated that NH.t-N dominated inorganic N forms 

after incorporation of the organic fertilizer into a peat-based growing medium. 

TABLE 4.10 Total Soil inorganic N (NH4 and NO:J. kg/ha 

time (days after sowing) 
Treatment 

20 40 60 80 120 

Control whey 36.07 33.19 14.99 12.49 7.60 

compost 31.99 30.50 15.94 10.15 7.75 

mineral 35.08 24.91 12.57 9.26 8.45 

Low whey 47.80 44.80 41.17 14.03 9.15 

compost 40.89 37.66 21.22 12.18 8.16 

mineral 34.72 42.43 27.89 12.19 9.16 

Medium whey 88.79 - 46.50 - 8.93 

compost 48.16 - 32.01 - 10.44 

mineral 35.96 - 17.77 - 8.73 

High whey 132.08 72.45 45.69 43.83 16.25 

compost 69.04 53.17 39.08 22.75 13.85 

mineral 36.19 22.07 21.11 21.53 8.73 

Medium whey 31.62 42.45 17.39 - 10.36 
15-30cm 

24.97 40.53 18.03 9.18 compost -

mineral 21.10 23.46 11.42 - 10.05 

Generally, the whey treatment had the highest initial (20DAS) inorganic N 
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Table 4.10a. Soil N03-N (kg/ha) over time. 

time (days after sowing) 
treatment 

20 40 60 80 120 

Control Whey 25.55 29.33 8.19 6.47 5.70 

Compost 20.08 26.68 8.99 5.47 5.24 

Mineral 23.8 20.11 6.64 4.28 5.86 

Low· Whey 37.16 37.54 34.79 8.93 7.41 

Compost 29.64 29.82 12.76 6.83 6.03 

Mineral 24.01 39.06 17.39 7.42 5.64 

Medium Whey 79.48 - 40.18 - 6.80 

Compost 37.7 - 18.90 - 7.35 

Mineral 32.93 - 10.06 - 5.85 

High Whey 124.08 64.12 39.06 38.7 12.39 

Compost 57.65 49.83 25.64 17.53 7.44 

Mineral 25.75 18.93 9.31 15.5 5.68 
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Table 4.10b. Soil NH4-N (kg/ha) over time. 

time (days after sowing) 
treatment 

20 40 60 80 120 

Control Whey 10.52 3.86 6.81 6.01 1.90 

Compost 11.92 3.81 6.96 4.69 2.43 

Mineral 11.28 3.83 5.94 4.98 2.58 

Low Whey 10.63 7.27 6.37 5.08 1.73 

Compost 11.26 7.85 8.46 5.35 2.12 

Mineral 10.71 3.38 10.49 4.79 3.53 

Medium Whey 9.30 - 6.33 - 2.14 

Compost 10.46 - 13.12 - 3.08 

Mineral 9.51 - 7.72 - 2.88 

High Whey 8.02 8.31 6.63 5.13 3.87 

Compost 11.5 3.34 13.45 5.22 6.41 

Mineral 10.44 3.15 11.81 6.04 4.51 



(Ni) followed by compost and, as expected the mineral treatment had the 

lowest Ni levels. Soil Ni levels decreased over the growing period. A rapid 

decrease for almost all treatments and levels was observed between the 40th 

and 60th day after sowing. This period coincided with the rapid N uptake by 

the crop (Figure 4.7 a-c). 

The high whey treatment had the highest Ni and NO3-N level at the start of 

the trial and at the end of the trial still had the highest level compared to 

compost and mineral levels. Although the compost treatment had lower 

amounts of Ni at all levels at any one time compared with the whey treatment, 

the same pattern existed i.e. increasing amounts of soil Ni with increased rates 

which decreased over time at all levels. 

With the mineral treatment, the initial (20DAS) amounts of Ni are similar for 

all levels (35-36 kg N/ha). However, at 40 DAS, Ni (NOrN) at the low rate 

increased which might suggest that mineralization (and nitrification) of organic 

N occurred at a faster rate during this period for this treatment level. The 

high mineral treatment showed almost no change in Ni levels from 40-80 DAS 

(21-22 kg N/ha) but dropped considerably at 120 DAS. This may further 

explain the low treatment yield, since for some reason the plant was not able 

to take up much of the N at the stage of growth when the crop needs it most 

(Hanway, 1962). 

Figure 4.8 shows the relationship between the applied N rates for the compost 

and whey fertilizer forms and soil Ni levels 20 days after sowing. It can be 

seen that the whey treatment had a higher amount of available Ni in relation 

to any level of added N. The whey treatment also had a greater rate of 

increase in Ni with increasing levels added. This effect may be due not only 

to the current application of whey fertilizer but also to the residual effect from 

previous applications. The differences in the amounts of Ni between the 2 

fertilizer forms over time may reflect a different mineralizable N rate at any 

one time. The mineralizable N data from an incubation study using whey and 

compost treatments as shown in Table 4.12 supports this hypothesis and is 
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Figure 4.7a. Total Inorganic Soil N (Ni) (dashed line) in relation 
to N uptake (solid line) of sweetcorn over time (Whey) 
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Figure 4.7b. Total Inorganic Soil N (Ni) (dashed line) in relation 
to N uptake (solid line) of sweetcorn over time (Mineral) 
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Figure 4.7.c. Total Inorganic Soil N (Ni) (dashed line) in relation 
to N uptake (solid line) of sweetcorn over time (Compost) 
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Fig. 4.8. Applied N froM coMpost and whey in relation to 
soil Ni taken 20 DAS. 
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discussed further in Section 4.5. 

4.4.a.1. Relationship between applied N, dry matter yield, fresh cob 

yield and plant N uptake. 

The relationship between applied N from the whey and compost and dry 

matter and fresh cob yield are shown in Figure 4.9a and b. Only the two 

treatments, whey and compost are compared since the mineral treatment had 

no N input. The figure showed thet a high fresh cob yield of 13 t/ha was 

attained when N was applied as whey at 112 kg N/ha. 

Gains in fresh cob yield subsequently decreased (but not significantly) as the 

rate increased. This may, therefore, mean that optimum yield was attained 

at the low level of whey treatment. However, no initial soil Ni was 

determined prior to planting such that the actual effect of the added Nin 1989 

cannot be fully assessed as responses may be due in part to previous 

applications. 

It must be pointed out that whey contained other nutrients (P and K) which 

might have contributed also to the increase in yield. Examination of soil tests 

before planting (Appendix 4 Table 3) shows Olsen P value at the low level of 

30 which increased to 43 and 45 at medium and high levels respectively 

indicating that the low level could be responsive to P additions and the 

medium and high levels are not using MAFTech criterion (Chapter 3 Section 

3.1.c). The same trend was observed with initial soil K levels before 

planting. The low level had K value of 8 compared to 11 and 14 of medium 

and high levels which suggests that the low level whey may be slightly 

responsive to K additions in the whey. 

For the compost treatment, highest yield was about 12 t/ha at the highest level 

of 690 kg N/ha which is equivalent to 12.5 t compost/ha applied. This yield 

figure suggests that the highest attainable yield might not have been reached 

by the maximum compost treatment level. The need for high additions of 
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Fig. 4.9. Effect of applied N froM coMpost and whey on a)fresh cob and b)dry Matter yield 
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compost agrees with the conclusion by Batey (1989), that large quantities 

(approx. 10 t/ha or more) of composts/manures were needed to be applied to 

get positive yield responses. This high requirement indicates that the nutrients 

contained in composts must be tied-up with organic compounds and 

mineralization is slow (Smith and Hadley, 1988). 

4.4.a.2. Relationship between initial (20DAS) Ni, mineralizable N 

and plant N uptake. 

It might be expected that a relationship between plant N uptake and the initial 

soil inorganic N levels measured at 20 DAS would exist. The relationship 

found in Figure 4.10. shows a reasonable correlation with R2 = 0.66. 

Using an anaerobic incubation technique to determine mineralizable N, it was 

shown that a good relationship with Ni was also evident with a linear 

correlation R2 = 0.89. A similar finding was reported by Bonoan (1990), in 

a cabbage trial using inorganic N sources. Plant N uptake would be expected 

to relate to both Ni (20DAS) and mineralizable N. However, Figure 4.13. 

shows a poor relationship (R2 = 54). This suggests that N was probably not 

the limiting nutrient. 

Most studies relating initial Ni to crop N responsiveness are conducted with 

the knowledge that no other nutrients are limiting (Greenwood and Draycott, 

1988). However, in this study, N was probably not the only factor that was 

limiting N uptake and consequently, yield. In the whey treatment, however, 

sufficient P and K were probably supplied at all levels. 

4.4.b. Total soil N (Kjeldahl N) 

The amount of total soil N (inorganic and organic N) from the upper 15 cm 

of soil at the first soil sampling (20 days after sowing) and the final sampling 

are presented in Table 4.11. These calculations have assumed that over the 

growing period there was no change in bulk density as indicated by the data 
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Figure 4.10. Relationship between Soil N level and Plant N uptake 
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Fig. 4.11. Relationship between plant N uptake 
and Soil Ni+ Mineralizable N (anaerobic incubation) 

H = 0.62 

)K 

€, -

)K /-
/ 

l/ ~ 
60 e 

€, 

)K 

I 

50 
100 120 140 160 180 200 220 240 260 280 

Soil Ni+ Mineralizable N (kg/ha) 

· whey 

)K COMpost 

0 Mineral 
I 

300 



Fig. 4.12. The relationship between soil Ni and Mineralizable N 
froM anaerobic incubation froM saMples taken 20 DAS. 
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shown in Appendix 5. 

TABLE 4.11 Total soil Nat the start (~) and end of the trial (Sr) (kg/ha) 

Treatment/ Stage of Whey Compost Mineral 
rate sampling 

Control S(i) 8215cd 7783ef 7740f 

S(t) 8213cd 7704f 7589f 

Low S(i) 8126cd 8005de 7913ef 

S(t) 7971e 8169cd 7818ef 

Medium S(i) 8501b 8303bc 7970e 

S(t) 8206cd 8452b 7542f 

High S(i) 8688ab 8732a 7695f 

S(t) 8226cd 8767a 7559f 
Means followed b the same letter do not differ s1 y g mficantl y ( Dunca n's 
Multiple Range Test at p=0.05). 

Total soil N in the whey treatment showed significant decreases over time at 

all levels but compost treatments showed no significant changes. Similarly, 

the mineral treatment also showed no change in total soil N except at the 

medium level which showed a significant decrease. 

In the whey treatment, the decrease between total N at the start and end of the 

sweetcorn growing season averaged 304 kg N/ha which must have resulted in 

net mineralization. For the medium whey, mineralization of organic N was 

about 3 % or an equivalent of 2.45 kg N /ha /day was mineralized over the 

growing period. This value is relatively high compared with that reported in 

the literature (0.5-1.5 kg N/ha/day) for many NZ soils. On the other hand, 

in the compost treatment no net mineralization occurred. 

Generally, the mineral treatment had lower total soil N values, at the start of 

the sweetcorn growing period compared to the whey and compost treatments 

particularly at the medium and high levels. These differences are obviously 

a reflection of the amounts of N added over a three year period. This 
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increase in total soil N on the whey and compost treatments can be clearly 

seen when the total N of the control for each treatment is contrasted with 

increasing levels. 

On the whey treatment a high level of addition has resulted in an increase of 

473 kg N/ha. On the compost treatment the corresponding increase was 1051 

kg N/ha. On the high whey treatment, a total of 1008 kg N/ha had been 

added over a period of 3 years while 2070 had been added on the compost 

treatment. Although a greater amount of N had been added on the compost 

treatment, both treatments have increased soil N by about 50% of the N added 

in their respective treatments. 

4.5. Soil mineralizable N 

To assess the ability of the soil to supply the plant with nitrogen, three 

methods of estimating rnineralizable nitrogen (N-min) was evaluated; chemical 

extraction with hydrogen peroxide, anaerobic incubation and apparent 

mineralization. Results are presented in Table 4.12. 

Results from the anaerobic incubation show that the high whey level produced 

the highest amount of mineralizable N. Both the whey and compost 

treatments showed an increase in mineralizable N with an increase in level. 

The rate of increase was much higher with whey. The mineral treatment 

showed little difference in mineralizable N with a decrease at the high level. 

The whey treatment generally showed higher mineralizable N than the 

compost and mineral treatments. The mineral treatment showed the lowest N

min levels compared with compost and whey with the highest level having the 

lowest N-min value which was even lower than the control. 

The residual and current effect of the continuous application of the mineral 

treatment must have had a negative plant growth effect in the soil environment 

most particularly at the high level of addition. This effect could be due to a 
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reduced activity and/or change in the balance of the soil micro-organisms that 

influences mineralization rate. 

The hydrogen peroxide extraction methods at 4 % generally gave the highest 

amount of mineralizable N for any one treatment level and at 6% 

concentration, extractable N was very low compared to the 4% H202 At 4% 

concentration, for the whey treatment, mineralizable N increased with an 

increase in the level added. At 2 % and 6 % concentrations, increasing rates 

did not show consistent pattern with the mineral and compost treatments. The 

variable result for the hydrogen peroxide extraction might have been due to 

the leaking of the gases during extraction particularly at the high concentration 

of 6 % . Also, the possibility exists that the H20 2 was not completely removed 

during drying. The determination of NH4-N and N03-N levels would be 

detrimentally affected with H20 2 in the extracts (Saggar, 1991 pers. comm.). 

A linear relationship between the mineralizable N from the anaerobic 

incubation and N uptake of sweetcorn for all treatments and levels gave a 

correlation coefficient value of r=0.74. The whey and compost treatments 

gave correlation coefficient values of r=0.85 and r=0.81 respectively but the 

number of observations used were low. The mineralizable N in the anaerobic 

incubation for mineral treatment correlated poorly with sweetcorn N uptake 

(r=0.013). 
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TABLE 4.12 Soil mineralizable N from hydrogen peroxide extraction 
method, anaerobic (30°C) incubation and apparent 
mineralizable N 

N Mineralized 

H202 Extraction Apparent Anaerobic 

treatment (kg/ha) Min.-N Incubation 
(kg/ha) (kg/ha) 

2% 4% 6% 

Control whey 273 534 425 63 91 

Compost 264 838 394 55 79 

Mineral 125 243 303 48 88 

Low whey 204 884 345 66 115 

compost 458 1732 406 77 84 

mineral 212 210 400 66 81 

Medium whey 570 1185 400 63 134 

compost 431 1058 458 51 86 

mineral 258 249 356 91 82 

High whey 562 1280 401 30 165 

compost 493 1380 548 79 107 

mineral 339 659 485 61 72 

Note: The values reflected for H20 2 and anaerobic mcubat10n are means 
of two reps. Apparent mineralizable N calculations are shown in Appendix 
11. Values shown in Table are means of 3 reps. 

With the hydrogen peroxide extraction method, the 2 % concentration has a 

higher correlation coefficient value (r=0.72) when related to sweetcorn N 

uptake, than the 4 % concentration (r= .53) and the 6 % concentration 

correlated poorly. The mineral treatment had a very poor correlation between 

N uptake and mineralizable N. 

Results from a preliminary investigation with hydrogen peroxide extraction but 

using lower concentrations (1.0% and 1.5%) for some of the whey treatment 

are presented as follows: 
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1.0 % H20 2 1.5 % H 20 2 

Treatment 
(kg/ha) 

Whey-Control 104 116 

Whey-Low 91 128 

Whey-Medium 136 138 

Whey-High 142 124 

It seems that 1 % concentration of hydrogen peroxide is more closely related 

quantitatively to the anaerobic incubation method in estimating the 

mineralizable N pool. However, the relationship between these two methods 

cannot be fully established as only the whey treatment was evaluated. It 

would appear worthwhile to further research the use of 1 % H2O2 method in 

estimating mineralizable N as this method is faster than the incubation 

technique. 

The calculated apparent mineralizable N do not display obvious trends. In the 

whey treatment the high level gave the lowest apparent mineralizable N (30 

kg N/ha) while the control, low and medium levels had similar values 63, 66 

and 62 kg N/ha respectively. In the compost treatment high level gave the 

highest value which is similar to the medium level while the medium level and 

control are similar. In the mineral treatment, the medium level gave the 

highest (91 kg N/ha) apparent mineralizable N with high and low levels being 

similar and the control had the lowest value. Since estimates were required 

to be made of losses due to leaching as well as the weed N uptake for the low 

and medium treatments, the apparent mineralizable N data are obviously 

subjected to considerable error and this will contribute to the lack of any 

consistent patterns. 
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4.6 Fate of nitro2en added 

An estimate was made of the fate of the added N in the whey and compost 

treatments at low and high levels of addition using several assumptions. 

Firstly, it was assumed that N was taken up from only the 0-15 cm soil depth; 

secondly, it was assumed that fertilizer N recovery was the difference in plant 

N uptake between the treatment levels and the control. Losses through 

leaching from the 0-15 cm depth was also assessed by a similar method. Plant 

root N uptake was assumed to be 20% of N uptake by the tops. Results of 

these estimations are shown in Table 4.13. 

TABLE 4.13 Estimation of the fate of added N from fertilizers 

N Plant Leaching Balance 
added Uptake· (kg/ha) (kg/ha) 
(kg/ha) (kg/ha) 

Whey (low) 112 50 1 +61 (-155) 

Whey (high) 360 59 18 +283 (-462) 

Compost (low) 224 34 2 + 188 ( + 164) 

Compost (high) 690 13 12 +665 (+35) 

Sweetcorn plus weeds. 
Values in () are the difference between initial total soil N and the start 
and end of trial (Table 4.11.). 

If the assumptions made are reasonable, it could be expected that the 

differences found between total soil N at the commencement and end of the 

trial would be at a similar magnitude. Examination of the data in Table 4.13. 

indicates only one good relationship (low compost) with both whey levels 

showing negative balances and surprisingly, the high compost treatment did 

not reflect the expected increase in N. 

Some of the whey losses might be due to volatilization as whey is in liquid 

form. Beauchamp (1983, 1986), reported that there was more N losses 

through volatilization when manures were applied in liquid forms. 
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CHAPTER 5 

GENERAL DISCUSSION 

5.1. Effectiveness of fertilizer forms 

Results from the MAFTech trial with sweetcorn var. honey and pearl, showed 

that whey was an effective fertilizer and superior to the compost and mineral 

fertilizers at all levels of addition. In New Zealand, whey is most commonly 

used as a fertilizer, at the rate of 40-45 m3 /ha on pastures rather than in 

horticulture or cropping (Radford et al., 1986). 

Whether whey can be used as a fertilizer in an organic farming system, based 

on cropping, will depend on the closeness of the property to a whey source. 

The results from the experiment suggest that the application of 80 m3/ha to 

160 m3/ha of whey are adequate for achieving reasonable sweetcorn yields. 

Results also showed that additions of the more traditionally used compost and 

mineral fertilizers over a period of three years had significantly improved 

sweetcorn yields over the control (no fertilizer) although the increase in yield 

was lower than the whey treatment. 

Based on all the sweetcorn production parameters measured, the mineral 

treatment, particularly at the high level (0-156-360 kg/ha of N-P-K), 

performed poorly and generally yielded less than the control. Reasons for this 

treatment effect are unclear but maybe due to the high soil P availability 

possibly causing a trace element deficiency such as Zn (Mengel and Kirkby, 

1978), or an initial salt effect due to the K2SO4 additions resulting in salt 

toxicity of the crop. 

In relation to high soil P availability it has been reported (MAF, 1986) that 

with maize, if the Olsen P value is > 22, a depression in yield will occur if 

more than 20 kg P/ha is applied. The Olsen P value of the high mineral 
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treatment was 25 indicating the potential for depressed yields. However, the 

Olsen P test does not truly reflect the P status of the soil where phosphate 

rock had been added. Thus, the available P status is likely to be higher than 

that reflected in the Olsen P test (Saggar et al., 1991) and a depression in 

yield is more likely to occur if sweetcorn and maize react similar I y to high 

soil P levels. 

The yield responses of the whey and compost treatments were closely related 

to plant N and K uptake and the total soil inorganic N (NOrN and NH4-N) 

levels. The total soil Ni taken at any one time was higher in the whey 

treatments at all levels of addition. This would indicate that the N content of 

the whey is more readily available than that in the compost treatment and may 

be the reason for its superior performance. 

There was also some evidence that net mineralization had occurred in the 

whey treatment while net immobilization occurred in the compost treatment. 

The organic carbon levels of the soil 20 days after sowing (appendix 2 table 

5) showed similar values for the different treatments which suggests no 

difference in the amount of substrate for mineralizing organisms. However, 

whey N is mainly protein N (Radford et al., 1986) and has a lower C/N ratio 

(6: 1) and therefore, is likely to mineralize at a faster rate than the compost 

which has a higher C:N ratio (20: 1). 

With respect to attributing sweetcorn yield responses to the N component of 

fertilizer treatments, it was not clear whether the response was due to the 

fertilizer addition just prior to sowing in 1989 or to the cumulative residual 

effect from the previous additions, as no soil Ni measurements were made 

prior to the 1989 fertilizer addition to assess any treatment differences. 

Results showed that the apparent recovery from the two N fertilizers used i.e. 

whey and compost was low (3-22 % ) , with the compost N being particular I y 

low (3-13 % ) . However, compared with other studies using organic sources, 

the recovery values appear to be more or less similar. For instance, 
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Kirchmann (1990) using manures reported 15.5% and 13.8 % recoveries by 

ryegrass and 9.2 and 28.2% recoveries by maize was reported by Briton,Jr. 

(1985) from fresh and composted manures respectively. On the other hand, 

Stanford (1973) reported N recoveries in the range of 50-60% by corn grain 

and stover from inorganic N sources. Similarly, Bonoan (1990) reported 62 % 

and 65 % recovery of N by cabbages at final harvest from inorganic fertilizers 

applied as side dressings at rates of 100 kg N /ha and 200 kg N/ha 

respectively. 

Apparent K recoveries by sweetcorn from compost and whey fertilizers ranged 

from 0-43%. Since K is not organically bound, recoveries would be expected 

to be similar to that found using inorganic fertilizers. Greenwood et al., 

(1980) determined the percentage recovery from 100 kg K/ha of inorganic K 

fertilizer applied to 23 vegetable crops but sweetcorn was not included. 

Values ranged between 8-70 % . No published information on plant K 

recoveries from organic fertilizers has been found. 

The K uptake by crops depends to a considerable extent on the level of N 

nutrition (Mengel and Kirkby, 1978). Thus, the better the crop is supplied 

with N the greater is the yield increase influenced by K (Gartner, 1969). N 

is only fully utilized for crop production when K supply is adequate (Mengel 

and Kirkby, 1978). 

5.2. The evaluation of fe11ilizer forms - problems and possible 

solutions. 

The present study was conducted as part of an ongoing trial based on MAF's 

objectives of creating a long term organic vegetable producing area using 3 

different fertilizers acceptable to the New Zealand BPC standards. For the 

whole trial site to be considered as a 'full' organic farm, no conventionally 

used artificial/chemical fertilizer (nor pesticides/weedicides) could be applied 

and this prevented an assessment of whether the highest yielding fertilizer 
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treatments were comparable with yields from conventionally applied inorganic 

fertilizers such as urea and superphosphate or compound NPK fertilizers. 

Comparisons could only be made with local yields from conventional farming 

systems growing sweetcorn (Chap.4. sect.4.1.a.). 

The continuous application of the different treatment forms (whey, compost 

and mineral fertilizers) at different levels over a period of three years as well 

as the rotation of winter and summer crops had created a fertility gradient in 

the trial site. This fertility gradient made it difficult to identify which nutrient 

elements were limiting on any one fertilizer treatment after 3 annual fertilizer 

applications. Potassium level was the basis for the application rates because 

of the low initial K status of the trial site. 

However, after three years addition of the treatments, the residue from each 

years' addition has elevated the K status (appendix 2. table 4) to the extent 

that the present sweetcorn crop grown on some treatment levels responded 

mainly to fertilizer additions of N and/or P rather than the K component. 

Also, the effect of residues from the ploughed in winter and summer crops 

would have influenced N, P and K status of all treatments and their respective 

levels of addition. 

For sweetcorn, MAF (1986) recommend, for the soil type at the trial site, 

Olsen P values in the range of 45-50 and K test 8-9. Several treatment levels 

were similar, or exceed these values of soil P and K availability prior to 

sowing sweetcorn. Whether these levels represent a non-responsive situation 

is unclear as no published information is currently available for sweetcorn P 

and K responsiveness particularly under an organic system. No soil N non

limiting values have been reported for sweetcorn but MAF recommendation 

(1986) suggests the application of about 90 kg N/ha which indicates that N 

responses are always expected. 

If the current fertilizer forms and levels are continually added annually, 

ultimately, some imbalances in nutrients are likely to occur in the soil and this 

will eventually influence plant productivity (Mengel and Kirkby, 1978). 
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There is, therefore, a need to monitor the adequacy of nutrients m the 

growing crop using chemical leaf analysis from a range of treatments. These 

values can be compared with standard analysis and would assist in indicating 

the adequacy of nutrient status. This analytical information would also aid in 

determining whether the various treatments have overcome nutrient 

limitations, whether yields have been maximized and whether imbalances are 

occurring. Emphasis should be placed on treatments receiving the highest 

nutrient input. 

The soil type (Levin silt loam) is recognized as a highly favourable soil for 

vegetable production. The fact that the site was in pasture prior to the 

establishment of the trial in 1989 had created a relatively fertile soil 

especially, in terms of organic matter status and physical fertility. 

This fertility situation reduces the likelihood of treatments giving large 

differences in terms of crop response in the short term. Soil physical 

properties i.e. bulk density and moisture retention, which are likely to have 

an effect on crop performance, were found not to have any influence 3 years 

after trial initiation. This finding relates well to that reported in the literature 

(Chap.2 sec.2.4.a. ;2.4.c.) which indicates that soil physical properties will be 

affected only with (long term > 10 years) continuous annual additions of 

organic materials. It is suggested that in 4-5 years time, soil physical 

properties be reexamined for any changes. Priority should be given to the 

measurement of aggregate shape and stability, water holding capacity, 

macroporosity and bulk density. 

The weed population in the trial site added to the difficulty in the proper 

evaluation of each treatment form as substantial amounts of N and K, and 

presumably P, were taken up from the soil. While weeds compete with the 

crop for nutrients and moisture, they also serve as a retaining system for 

mobile nutrients and possibly reduce nutrient losses for an organic system. 

It has been stated (Holzner and Numata, 1982) that the competitive effect of 

weeds on crops cannot be estimated by the determination of nutrient levels in 
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the plants. It is the relationship between the availability of the nutrients and 

the needs of the crop which vary with season and stages of development that 

is of importance, and not the absolute uptake of nutrients by the weeds. 

Thus, to effectively evaluate the effect of weeds in this organic farming 

system, an appropriate balance between weed growth and crop productivity 

requires to be researched. It is suggested that the role of weed competition 

be examined at the trial site particularly at initial stages of crop growth. This 

may involve dry matter determinations at early stages of a crop's growth till 

maturity/harvest. Weeds may have a very important role in the cycling of 

nutrients in organic systems especially in the recovery of nutrients which may 

be positionally unavailable to the crop. 

The current trial design does not allow for an evaluation of the plant residue 

returned on the different treatments. It may be possible to delineate areas in 

a treatment where future residues will not be returned and these sites can be 

compared (in crop productivity and nutrient uptake) with the remainder of the 

treatment plot where residues are returned. 

Similarly, the current influence of a fertilizer form cannot be separated from 

residual effects. Omission of a fertilizer treatment from part of some 

treatment plots would assist in evaluating the influence of the current 

application on both plant nutrient uptake and crop productivity. 

5.3. Some guidelines for organic growers in the use of these 

fertilizer materials 

From the trial data, after three years of continually adding a range of organic 

fertilizers at various levels, some guidelines in the use of these fertilizers in 

an organic farming system are emerging. 

Every effort should be made to monitor at least, annually, the level of 
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available nutrients in the soil. Some changes in nutrient levels may be quite 

rapid depending on the composition and quantity of the material added and 

crop demands. For example, the use of whey at an addition of 240 m3/ha has 

elevated K levels from 8 to 19 after two and a half years addition, but K 

status within this period fluctuated depending on the time of sampling. There 

may be some merit in changing fertilizer forms from year to year when some 

soil nutrients are considered to be in excess of requirements. 

Plant nutrient levels of both summer and winter crops should also be 

monitored to detect both the adequacy of plant nutrition and also to detect any 

nutrient imbalance problems developing. 

Weed control would allow for greater availability of nutrients for the intended 

productive crop and if not practised, higher rates of fertilizer maybe required 

to be added. 

Whey appears to be a useful organic fertilizer source containing N which 

readily mineralizes. Time of application may be of some importance and it 

is possible that N might be lost if the whey is applied before plant roots are 

active and well distributed. Alternatively, it may be more effectively used as 

a sidedressing injected along sweetcorn rows. 

It would also be wise for growers to obtain information on the nutrient content 

of crop produce removed from a paddock. At the very least, this would 

provide a basis for determining amounts of organic material that maybe 

required to replace these losses. An accurate assessment of crop produce 

yield is required. Information from the current trial could be used to give an 

approximate availability index for at least N and K in compost and whey 

fertilizers. 
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CHAPTER 6 

SUMMARY AND CONCLUSIONS 

1. The review of literature indicated the importance of soil management in 

organic farming systems. There appears to be a lack of published literature 

evaluating the effectiveness of NZBPC accredited fertilizers. 

The addition of organic material and management practices such as green 

manuring and crop rotation in an organic farming system are attempts either 

to maintain or increase organic matter levels in the soil or supply the crops 

with the needed nutrients. 

Due to the lack of information regarding the availability of nutrients in most 

organic materials and the inconsistencies in their components, it is difficult to 

determine application rates for these materials. For organic fertilizers, 

application rates appear to be based on the requirements of crops fertilized 

with inorganic sources. 

The literature indicated that organic materials can provide crops with the 

required nutrients but recoveries of N from the organic fertilizers are much 

lower (9 - 35 % ) than that from inorganic fertilizer sources (50-70 % ) . 

Overall, the literature survey showed a need for research into the effectiveness 

of NZBPC accredited organic fertilizers under New Zealand conditions. 

2. An ongoing field trial using whey, compost and mineral materials as 

possible fertilizers for organic cropping at the MAFTech Levin Horticultural 

Research Centre, offered an opportunity to evaluate their effects on crop 

productivity, plant nutrient (N & K) uptake, and available soil nutrient status. 

3. All treatment forms and levels, except at the high mineral rate, were 
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shown to improve the fresh cob yield of sweetcorn harvested in 1990. In 

almost all yield parameters measured, (fresh cob, total dry matter, dried grain) 

the whey treatment was superior to the compost and mineral treatments. This 

was also the situation for plant uptake of N and K. 

4. Plant N recoveries from the different levels of compost and whey 

treatments were determined. N recoveries from whey were in the range of 

13-22% and from 3-13% for compost. Plant K recovery ranged from 4-15% 

for whey rates, 10-43 % for compost rates and 0-27% for the mineral fertilizer 

rates. 

5. Soil inorganic N (Ni) levels, measured 20 DAS, showed that the whey 

treatment contained more Ni than the other treatments and therefore, the crop 

was able to take up more N from the whey treatment particularly at the 

medium level. Most of the soil Ni, predominantly in the NO3-N form, was 

in the top 15 cm of the soil where most of the sweetcorn roots were 

concentrated. 

6. Three methods were used to determine mineralizable N (apparent 

mineralizable N, anaerobic incubation and hydrogen peroxide extraction). The 

anaerobic incubation method appeared to relate better to the plant N uptake 

than the other two methods. Increases in whey levels were associated with 

increases in mineralization. Both compost and mineral treatments displayed 

an inconsistent pattern of mineralization. 

7. The weed density in the trial site considerably affected the N and K uptake 

of the sweetcorn. Recoveries of N from the whey and compost fertilizers 

more than doubled when weed uptake was added to sweetcorn uptake. 

Although the competitiveness of the weeds for nutrients was not determined 

at the critical growing periods of sweetcorn (i.e. silking), the data taken at 

final harvest has shown considerable K uptake by weeds and in some instances 

(high mineral and whey treatments) the weed uptake exceeded the uptake by 

sweetcorn. 
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8. A simple N balance of estimated gains and losses on the whey and 

compost low and high levels, all showed a net increase in total soil N over the 

growing season. However, substantial losses of soil N were measured for 

whey and little change was measured in the high compost treatment. Large 

losses from the whey may have been due to volatilization during application. 

It is unclear as to why no increase in soil total N was measured on the high 

compost treatment. 

9. Several problems associated with the trial design made it difficult to 

determine reasons for the treatment effects on yield. Nitrogen was probably 

the major fertilizer nutrient of importance, although, on some treatment levels, 

applications of K and probably P could have been effective. Differences in 

soil physical properties were discounted as no major changes had been 

detected. 

10. Some suggestions were made to modify the trial design. Information is 

needed on the relative importance of residue return and annual fertilizer 

applications. Additionally, to assess residual fertilizer effects, a treatment 

omitting the annual fertilizer application should be included. It was also 

suggested that in the conduct of the trial, plant (including weeds) nutrient 

levels of both summer and winter crops be monitored on selected treatments. 

Particular attention should be paid at times of growth that are used to calibrate 

adequacy of nutrient levels. 

11. Even though the duration of the trial has been only three years, several 

guidelines for organic growers using the fertilizer forms of whey, compost and 

mineral can be formulated. These include the use of both soil and plant 

analysis to predict nutrient imbalances and assess adequacy of amounts applied 

in researching yield objectives. 
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SECTION 1 - DEFINITIONS 

1.1 DEFINITION OF OOOANIC AGRICULTUIIB 

Organic ogricu]ture, Rometimes referred to as biological husbandry, 
agro-ecoloF(y, eco-Rgricnlture, nnturnl, mmt:ninah]e And including Di.o
dynnmlc ogric11]ture, seekR to produce food of optimum quality and 
qunnU t.y, and l:o mannge product i. ve ecosyatenm according to n totnl 
concept. thnt endenvours to malce them R11stainable rmd non-polluting of 
the envjromnenL Some of the mu.in principles one! methods t.hot are 
employed aim to: 

1. Foster beneficial processes and interactions that are natu~ally 
occurring in agro-ecosystems - thus encouraging a farms internal 
mechanism to achieve stability rather than relying heavily on 
external control measures. 

2. Reduce externnl control to the absolute m1n1mum required for 
maintaining the chosen state of production. Inputs used, should 
aim to work as far as possible, in conjunction with natural 
cycles, rather than trying to dominate such cycles. 

3. Achieve cycleA/f]ows of nutrients and materials that have as few 
losses as possible. This requires the conservation and re
cycling of nutrients and organic material. 

4. Enhance soil fertility - its life supporting ability including 
biological, physical and chemical components. Great emphasis is 
placed on the importance of soil organic matter, and soil 
organisms (especially soil bacteria and earthwonns). 

5. Minimise nny deleterious environmentnl effects of particular 
mnnagemenl practices. 

Therefore, oppropriote stocking rates, consideration of animal 
welfnre, sound rotations usinf! diverse stock and cropping strategies 
with I.he exlr.nRivr. hut: r-ntionnl t1Re of imimol mnnure ond other 
vegetntive re::iidues, 1:he use of appropriate cultivation techniques, 
the avoidance of soluble mineral salt fertilisers, and the prohibition 
of agro-chemi.cal pesticides, form the basis of organic agriculture 
(nnd horticulture). 

1.2 .P..!ff INITIQNS _OF_ TRTZMS_usrm IN_TIIE~E STANilATIIlS 

1.2.l STANflATTDS 

Wherever the words "St:andnnl or Shrndards" appear in this document, 
this means the Standnnl8 for certi fi.ed flio-Gro organic products of the 
New Zealand IJj ologica] Producers Council (Inc.). 

l.?.. 2 CErrr I FY IN<: All'l'HOU I TY 

WherevP.r I.he h•<wch,, "Cr~r·I i fyinr; /\11!.11<ffi l.y", appenr· in t-.hifl dor.11ment, 
1.hig 1111.~flllfl llu~ N,:w Zr'.nln11d lliolo1~i,:nl l't·nd11cer8 Cotmcil (lnr..). 



1. 2. 3 BIO-GJK) 

Is a property or product that fully meets the management practices as 
defined in these standards and has satisfied the certifying 
authority's requirements for inspection and verification. In 
addition, the certifying authority may require that produce from any 
production unit be 0110 lyticnlly determined us occeplub ly free of 
chemicul residues . 

.l. 2. '1 TilANS IT TON B 10-0ll() 

A property not using prohibited materials us defined in these 
standards and is working towards meeting the full requirements of 
these standards over a minimum of twenty-four months. 

1.2.5 PARTIAL CERTIFICATION 

When considered appropriate as n means of facilitating· an<l encouraging 
the conversion of ru1 entire property to Bio-Gro, a designated portion 
of the property may be awarded 'l'ransition Dio-Gro or llio-Gro. A 
condition of this will be the implementotion of an ugreed plan to 
convert the entire properly lo llio-Gn, within a prescd!Jed period. 
Other condilious also apply (See Section 1.2 aud 2.) 

1. 2. 6 PAil.AI.LEI. PllOl)UCTION 

Where partial certification of a properly has been awarded, then no 
produce of the same type may be grown or produced on both the Bio-Gro 
and non Bio-Gro sections of that property, in the same year, UNLESS I'l' 
HAS CLEARLY DISCERNIBLE CHAHACTEHIS'l'ICS DUE TO VARIETY, TYPE OR BREED. 
Special conditions apply for parallel processing. 

1.2. 7 DRUGS 

Any registered anima.l health remedy used for the treatment of ill 
health or disease and is administered, orally, dermally, or by 
injection or as a feed additive. 

1.2.B PHllMl'I"l'HD MA'l'RllIAU:i 

It is desirub1c that. Hi~-~-(]~(? c:erl.i fiecl mul.edu1s be u:.wd. If 
mul.eduls or produ!?_ts do not. have llio--Cin,, ccd.ified analyticu) 
evidence of their freedom fnHn u1wcceplul,Je t-eBidue co11l.uminulion muy 
be required. 



1.2.8.l Manure and composts - cycled internally 

Manures both solid and liquid, composts and plant material produced on 
the property. 

1.2.8.2 Manures, compostable and !lillching :aaterials brought in 

Manures both solid ond liquid, and plnnt ond other organic material 
for use as mulches can be brought onto an organic farm providing that, 

o) All mol:erinle with the exception of mulches will have 
gone through an acceptable composting procedure before 
use. 

b) Every effort: has been made to ensure that material is 
free from contamination from prohibited chemicals, 
pnrt.iculnr Rtl.ention should he po.id to heavy metal 
contaminntion. 

c) That the use of such materials, which may include dairy 
whey nnd Rloo,I nnd Rone, do not exceed the capacity of 
the lnnd to nhAorb I.hem. 

d) That mulching materials come from an acceptable source 
documented ns free from all pesticides and heavy metals 
contami.rrnl:ion. 

It should be noted that organic materials from factory type animal 
production may be excluded in the future, A review of organic 
stnndnrds occurs every t.wo yenrs under existing international 
regulntions. 

1.2.8.3 Diologicnl Activnt.ora 

Microbial activators 
Various plant based preparations 
Bio-dynamic prepnrations 

' '; 

· 1. 2. 8. 4 Additives· for MinernL Supp 1 ementnt j on 
.... ~.. . . - ·-··· -~----·-· ···•---.:._._.__t.1 .... ._:..... . ... , . ../ 

Rock phosphate 
F'eldspnr 
Magnesium limestone (dolomite) 

., Calcium sulphate (gypsum) 
Limestones 
Elemental sulphur 
Glauconite - greensands 
Roel< mi nernl a 
Unadulternted ~enweed nn<l fish products 



1.2.8.5 Pest and Disease Control 

Mechanical controls (traps, barriers, sound scares) 
Pheromonel.'l but not directly on the plants 
Herbal sprays 
Water glass (sodium silicate) 
Soft soaps 
Steam sterilisation 
Biological control with parasites, predators or disease organisms 
Natural purgatives 
Homoeopathic preparations 

l. 2. 9 RESTRICTED MA TRRIALS 

Those materials which may be used but only in accordance with the 
principles laid down in the standards. This should lead to a gradual 
reduction in dependence on such materials. 

i72':'9:-l"iWFertilir:-ers f 

~ot.asaliim':'sulphatef- Only unti 1 such ti.mt! as more acceptable 
alternatives are available ond ouly after consultatiou with an 
accepted advisor. Use of Potassium sulphate rnuy preclude transition 
to full Dio-Gro. 
Trace elements 
Basic slag 

1.2.9.2 Insecticides 

Pyrethrmn - both pure and in combination with the synergist 
Piperonylbutoxide. 
Ryania 
Rotenone (derris) 
Quassia 
Diatomaceous earth 
Metaldehyde - in closed containers only 
Potassium permanganate 
Mineral oils 

1.2.9.3 Fungicides 

Copper hydroxide, Uordeaux mixture, Burgundy 
Sulphur preparations 



1.2.9.4 Anillllal Health Renediea 

Mineral supplements 
Iodine preparations 
Zinc oxide and zinc sulphate 
Copper sulphate 
Vaccines 
Su1phoni1amide as spot treatment for external use only. 

1.2.10 INTERIM ANIMAL IIEALTTI REMEDIES 

l. 2.10. l Penni.tted interim use of nnhnnl health re.edi.es subject to 
Aection 4.l.3.1 nre ns follOWB: 

AnLhe.lmintic!'l -· 

Cyromazi.ne -

Ant:ihiotir.s -

Pyret.hroi.df! -· 

J.evnmisole based <lrenches withholding period 
~_ goy_~ 
Morante! citrate based drenches withholding 
period 3 days 

wH.hholding period 21 days 

withholding period 90 days. 

Cypermethrin - withholding period 21 days 

llf!ltnmel.hrin - wil:hholcling pedod 9 cloys. 

Withholding Per_iods: Are nonnnlly set nt THREE TJMES the label 
recommendation. Always checlc lhe product label. 

ALL STOCK SO '!'HEATED LOSE Dio-Gro S'l'A'l'US for a period of 12 months 
from last treatment. 

1. 2.11 POOHJI\ITEB MATRRTAT.S 

All other mnLerinls on~ prohibited unless clenred with the certifying 
authority. 

Prohibited materials are those materials which shall not be used on 
Bio-Gro properties. Their use will cancel an existing Bio-Gro 
cerl:ifjcntion. '!'he form will hf! required to f(o through a 12 month 
conversion period before organic sLnLue is regained. 



SECTION 2 - LOCATION AND LAND CONVERSION 

2.1 LOCATION AND QUALITY OF LANll 

An acceptable- fann plan of the land lo be farmed organically must be 
supplied to the certifying authority. 

Boundaries and buffer zones 
The boundaries of the land to be certified as Dio-Gro must be clearly 
defined by permanent structures ( rotHls, fences, hedges, st reruns, 
~helterhelts). 

Provided that no contamination of the land area, or produce, can occur 
through the common use of farm equipment and facilities, 'l'ransition 
Bio-Gro or Bio-Gro, may be awarded if the requirements of section 
1.2.5 and 1.2.6 (partial certification, and parul]cl production) are 
complied with. 

2. 2 CONVIms JON 'l'O OllGANlC AGIU cur.'l.'IJim 

Conversion of a property from conventional to Bio-Gro management must 
be in accordance with the requirements of these Standards. This will 
usually require attention to: 

a) 
b) 
c) 

d) 

e) 

f) 
g) 

The productive capacity of the land. 
Diversity of the cropping and pastoral aspects of lhe property. 
Herbage composition, with a view to incorpuroling a greater 
range of grasses, legumes and herbs. 
Cropping rotations thut balance fertility building and 
exploitive phases. 
Grazing systems that 
as achieve effective 
pastures. 

seek to control animal parasites, as well 
utilisation of fodder and management of the 

Appropriate manure and fertiliser input strategies. 
General environmental enhancement that reduces livestock and 
crop (weather and pest) stress by the provision of .living 
shelter for shade, wind protection, and parasite/predator 
habitat, etc. 

The conversion wi.l.l be monitored by I.he certi fyinl.{ uulhor-i l.y on un 
annual basis. 



SECTION 3 - PERMISSIDLR RRSIDUR LEVELS 

:LI PRl?MTSSIBI.E IlRSIJHJH J.RVIn.S OF PRST.TCIDRS IN SOU. AND IIRRUAGE 

Conversion of A property to Transi.ti.on Bio-Gro, or Bio-Gro status will 
depend on the successful implementation of a production system that is 
based on the Standards of the Certifying Authority. At the sole 
discretion of the Certifying Authority, analysis of produce MAY be 
required. The Certifying Authority may also require the results of 
such annlyses to be declared to purchasers of such produce. 

Excessive residuP.s ns determined by the best currently available 
tedmi qneA for mini mum clet·.ectnl, le I fWel fl may we 11 preclude produce 
from Trmrni.1.inn l\in-nr-11, rn- llio-nro cerl.i ficntion. 
( He fer appendix for <le Ln i ls on ref! i.rlue levels) . 

:~.?. lffiAVY MRTAT,S ANU OTIIRH POTIUITJ AT.J.Y TOXIC Rf,EMRNTS 

l~Rvy metals and other metallic elements can be essential to plants 
and animals in trace amounts (zinc selenium and copper) and toxic at 
higher concentrations or may simply be toxic ( cadmitnn, mercury, lead). 
Where a trace element essential for plant and animal health is 
deficient this deficiency may he corrected by the application of 
approved materials at specified amounts. In the case of toxic heavy 
metals every effort must he made not to add to these levels. 



SECTION 4 - LIVliSTOGK fAUMING 

4. l PilOIHJCTION METifODS 

Animals may be associated with pastoral or mixed cropping systems. 
Whatever the system employed the following methods will upply. 

4.1.l Grazing nn<l Housing 

Animals sold for slaughter must be born and ruised on Trunsition Bio
Gro, or Bio-Gro properties. Factory furming methods of intensive 
ljvestock rearing (until slaughter} in enclosures are prohibited. 

All stock shall be managed with respect to their welfare. Animals 
grazed off the property must be grazed on Transition Bio-Gro, or Dio
Gro pustures. 

4.1.2 Supplementary Feeding 

Supplementary feed grown on certified Transition Dio-Gro, or Bio-Gro 
farms is allowed, but not in contravention of section 2.2a. Sub,ject 
also to section 2.2a, feed from non - Transition Bio-Gro or Bio-Gro 
sources is pennitted up to a maximum of 15% of the total annual dry 
matter intake of. the animal. (This percentage may be reviewed as 
sources of certified feed increase). ColllllJercially prepared feeds 
containing growth promotants, preservatives and antibiotics are 
prohibited. Caution should be exercised in buying in feeds from non 
Bio-Gro sources. ( flefer sections :L l, :L 2). Pursuant to lhe 
requirements of section 2. 2, mineral licl{B are permitted. 

Young animals, including calves, must receive colostrum, fur a minimum 
of five days after birth. If they are to be retained in the herd, 
they must receive natural milk until weaning. 

4.1.3 Anilllal Health 

4.1.3.l Requirement to treat 

Producers of meat: and dairy products shall mnrket only healthy animals 
and their products aud shall never allow a diseased or severely 
infected animal to go untreated in order that iL may be called Bio-· 
Gro. 

Any animal treated with a material as defined under Interim Animal 
Health Remedies (flefer Section 1.2.10.1) shall lose Bio-·Gro status 
for 12 months from the last. l.real:menl. A quaranti11e nr·ea shc11.l lie 
used to hold l1·eat,~d sl.oclr for the dc:sitnuted period. Any stock so 
t.reuted may be n!l.11n1ed 1.o l.lte main floc:11 oi- henl pnivided I.hey ur-e 
c.:leurly und pen11u11enl.ly m11r-lcc:d, l/011l.i111: 01· udied1rled t1H1: of 
1rnl.liel111i11l.ic:l:l iH p1ohil,il.1!d. 



Facial excema: 
Zinc: or copper sulphnte umy he used in c11i;1~::; of llt!t!,I. 1/0111.ine w:,ie is, 
however, nuL allowed. 

Navel i.11: 
Where it is likely to occur, iodine may he used t.o prevellt infection. 

Induction of parturition: 
Natural prostaglandins may be used on I y when essenl.:i al -for veterinary 
reasons. 

Metabolic disorders: 
Ma6rnesium salt may be used to treat grass staggers. Caldum 
boroglutamate or natural Vitamin n mc1y be used to treat mi lie fever. 
(Although, in neither case is routine or schedule admini::;tn1L:ion 
allowed.) 

Hygiene: 
Subject to the certifying authorities approval, standard MAF 
recommendations for dairy shed hygiene i,;hould lie followed. 

Mineral deficiencies: 
When a deficiency persists ufter r.011ver·sion to 'l'n111sil.io11 llio-·Gro, or· 
Ilio-Gro status, l.rur.e elemenl.t:1 muy lie upplied l.o put:il.tfft:ti mi nat.un.11 
mi.nernl ferti.liscrs, rode d11sls, or· t:iell pnHhu:Ll:I of eil.he1· fit:Jh und/01· 
seaweed combinations. Multiple pfrnl.ure l:l}>t:cies should be phmted, 
especially those plants known to accwnulote the deficient element.. 'l'o 
prevent stoclc j 11--heal th, mineral 1 ichs muy be \l!H!d. f/0111. i11e use of 
snch supplements is discouraged in Bio-Gro properties. 8uch 
deficiencies should be corrected by soil amendmen l.s so t.lm l the 
animals' intal{e is in a natural (p]ant.) form. 

4.1.4 Soil Fertility 

Permanent pastures which rely on ni lro[!en ·fixation by lelf11mes, and are 
used for all year grazing can fulfjll I.he r·ecJttin~menls for maintenance 
of soil structure and organic nmtter relur·n .in nq_fan-ic ug1·ic:u11.ur·l':, in 
that it maximises nutrient. cycling, accumulation of oq_p.rnic malLer mid 
:increases soil b:iolog·ical act.ivity wit.hin the furm. (Hufc,r· sect.ion 
2.2c). 

Howeve1-, as the commerc:ial farm sjt.uat-.ion is one of net. export of 
nutrients in the product, replacements of nut.dents may l>e n~q11ir-ecl. 
Subject. always t:o I.he provisions or tlwse sl.1111danl::i, I.hi: l.iming and 
method of f,:1-l.iliHer· w,e 1:1lw11ld IH! <kl.1:n11i11<:d w:conli111\ lo Boil lytic, 
stock type and cJimul.e. (liefer· sect.ion l.~.B.'1 t111<I l.~.!l. l) 

Livest.ode can be reared as part of a mixed cropping rot.at.ion which 
inclu<les grazed pasture. This sysl.em more adequul.e1y meels I.he 
definition of organic agriculture in Section 1.1 and fulfi.lls the 
organic -farming requirements for soil structure maintenance, organic 
matter returns, nutrient cycling an<l increased l>iological activity 
(Refer section 2.2). 



4.1.3.2 Specific IJisenses ond llemedies 

In cases where specific diseases or health problems are known to occur 
control measures may be used subject to the approval of the inspector. 

Internal Parasites: 
An objecl:i.vr. of oq{Ani c np,ri cul lure is to eliminate the need for 
animal health remedief'I hy breediuf{ resistant animals, and using 
grazing management mid non-chemicnl procedures (Refer section 2.2). 
The lP.vel of worm i11ocul11m pt·esent in postures must be reduced or 
e I im inn 1.erl l,y crnppj nJ(, cr·osR-· p,n1z i np,, rotA.t iom:1, or Lhe use of browse 
foddm·. NnL11n1 I puq(at i V<~A nnd homoeopathic remedies are permitted. 
·rhoAe stock lmm-m to br. cnrryin11 nil wincceptable worm burden must be 
denlt with in nccordm1ce wH.h section 4.1.3.1. 

Ecl:oparasites and F'lystdhe: 
Dipping for I ice nncl ol:hr.r r.ct:opnrm:iites may be carried out only if 
1:he ,..,~! I fnre of I.he Oil i.11111 J i A under 1:hreot. Where con l.rol is necessary 
n~ff~r SPcl:ion '1. t.;L I m1rl mrd:horls for usjnp, restricl:ed mnl:eriols refer 
l.11l.r.rim Animal llr.,d l.11 1/f~Jnr.dir.f'I (Sf'.r:l.ion 1.2. 10.1). l1011Linr. or 
schr.du] r.d IJS<! 0 [' cf j Jl8 j 8 pn1h j IJ j l.r.d. 

Fool:rol.: 
* Zinc or copper Anlphnte trentrnenl;. 

Coccidiosis: 
* No acceptable organic remedy known at present. 

Vnccinnl:ions: 
In all cnses, s<-d.ection and brer.cling Lo obt.nin stock with high levels 
of 1rnl:11nil irn111u11ity is on oh,jecUve of organic ogriculture. In the 
case of an 0111:brr.nk of mulmd. sLrn.ins, vaccines which stimulate the 
nnininls' nnl:un1l i.rnnnme system, 011d nr-e prepared from naturally 
occurring orgn11isms muy be used. Routine, or scheduled vaccination is 
prohibited. Use is permitted where a property has a known disease 
history. 

Docking, Dehorning, Tailing: 
Ile-tailing of pigs ond cattle, ond de-beaking of poultry is 
pr·ohibited. JJe-honiing of cows and cattle, if necessary, should occur 
during bud stage, b 1 u11 l:m1 i.111{ of horns, in as hwnane a fashion as 
possiblr., i.s pel'lni I.I.rd. 

Calf Scoun1: 
Oral rehydration with g.l ucose electrolyte solution is allowed. 
Infectr-d animals are to be isolated from the herd until cured. 
Homoeopathic, chalk and fine clay remedies are allowed. 

Mastitis: 
Use of homoeopnt:hic nnd naturopathic remedies is allowed. All 
antibiotics Rre prol1ibited from use on any cow, except those that have 
be<-m cuJled from the hen!. (See section 4.1.3.1). Drying-off mildly 
infected quarl:ers is penni Lted. 

Blonl:: 
Ver,el.nble oils, n11d pnrn1fi11 may be used. llout.ine use is not allowed. 



4. Lfi Weed Control 

Weedt=1 mnst be conl:rolled hy grn::dng- mnnnit,ement. of one or more cl.Asses 
of 9tock by mnintoitdnf{ n vip,ormrn 9wnrd. Mowing, before seeding for 
lJJi9tl.eA, or pul.l.inp, nt enr]y flowering for rog\~ort. is suggested to 
prevent: reinfeRb1l:ion of t.he form nncl neif(hhouring properties. In 
Rysl:emfl where livcsl:oclr ·iR part of n rol.ntion then management of the 
rotation as a whole becomes the ma:in weed control method. 

11.1.6 Stock HP-plncffllw.nl: Pol:icy 

Many New Zealand farmers replace stock from within the farm. This 
procedure is encourngecl. When replncement stock are bought in they 
should he ohtnined fr·om 'l'nmsition Bio-Gro, or Bio-Gro properties. 
When Transition Bio-Gro, or Bio-Gro breeding stock are not available, 
any such additions shall not exceed 10% of the capital stock figures. 
Any breeding stock so purchased shall be held in quarantine at the 
discretion of the certifying authority. (Refer section 4.1.3) . 

.In the case of stock bought in from non Hio-Gro properties, pursuant 
to the previous pnragraph, a full year must elapse before any meat 
fibre, mi lie or re lated by-products r.nn he sold ns Transition Bio-Gro 
or Bio-Gro. 

Where it can be shown tlrnt dairy replacement heifers can not be 
obtained from a certified property, calves not exceeding 10% of the 
herd, can be bought in from non-certified sources, provided the 
quarantine requirements of section 11-.l.3.l are adhered to. 

4.2 KILT.ING, CUTTING, PACKING AND FUflTIITTR PROCESSING OF 
ORGANIC MEAT PRODUCTS 

Abattoir Procedures (Genernl): The Ment•Act ]981 and its regulations 
(H'JG9), the Food i-ind nr11r, Act. (1!-1G9) nnd ilR rcl(ulntions (1973) and 
1:hc Sl.od1 rl<~f(nlnl;ions ( Jnsccl.ir.idP.R nnd Oesl·.roffP.ns) (lnEil) define the 
procedures mid materinlR which may be used in New Zenlan<l ldlling, 
r.11t:l:inl{ nnd fr·ce:dn1; worlrn. The ~font Tlivis:ion Mi:rn1m]s n, 9, 10 and 11 
which provide tl1f~ del.ni )eel informnl.inn for wrn in ahnttoirs, pnclrnginr, 
arens !:n cope wit:h chm11,ing Ril.trnl.i.ons. The re1,1dations iu-e 
comprehensive and stringent and in most cases adequate for the 
treatment of Bi.o-Gro products. Some further restrictions apply 
hmvever which nre described in the following sections. 

Killinf; MP-1.hodtc Sl:1111{hlc1- of Bio nro sl.oclc slto11lcl hr-! crirTie<I 011I. in 
n w:iy wh i d1 mini 111 i scs phys i en l p,1 in nnd cl is t. n~ss t:o I.he an i ma 1 s. 

ChP.mir.nJs: Mm11rnl 10 of l.lH! MAF MP.nl. Division Mamrnls 1 isl:s t.he 
d1emir.als wh:ich mc1y he used in edible product. arrms i.n abatt.oirs. The 
fol1owinrf f11i-l:hP.r rei~t:ricHons spply when or1,nnic stock is being 
procei:rned. 



SECTION 5 - MIXED CROPPING AND LIVESTOCK FARMING 

5. l POODUCTION P.filTIIODS 

'I'he inl:ef,ntt.i.on of grazed posture and Lhe growing of crops provides 
for many beneficial interactions in an organic agriculture system. 

5. l. l flotation 

A sound rotation is important to successful organic agriculture. 
Grazed pasture from a well composed ley builds a well structured and 
nitrogen rich soil and helps mobilise soil nutrients for the following 
crops. Nutrient cycling within the farm with minimum soil and plant 
nutrient losses should be the aim. 

5.1.2 Soil Ferti]ily 

Mninl:P.rn.tnce of Roi I oq1,11ni<: mnl:ler 1111d soi 1 .slructure ore of paramount 
import.once. When cor-r-nct: I y mmrnHr.ll, pos tun~ cnn n id in building up 
soi..l nrp,nn.ic nml.l:er nnd improving soil sl.rucl:ure. 

'I'hn llf'IP of 1P·<)<:n cov<ir cn,pA d11ri11r, winl:f!r, I.he proct:ir.r. of mulching 
Rf.rnw, 1:he 1(rm..iin1{ of m11I l.i species pnsl:ure, the oplimnl ulilizotion 
of pmd;ure Rnd t.he nvoiclance of soil compaction all aid in maintaining 
soil fertility. 

Mi IH'!rn l f P.rt:i Ji zers i:;ho111 cl be rel{ardecl OR a supp] ement to, and not a 
substitute for nutrients cycled via organic matter return. 

Penn:i.tt.P.d and rei:;1:rir.t.ed mnt.erials for use in fertility building are 
listed - Refer section 1.2.R.4 and 1.2.9.1. 

5.1.3 Weed Control 

SnU A fr1r. tory wP.nd con l:ro I clP.pe11dA 011 t.i mely mRnnr,-emen t t.echn i ques 
which inr.luclf~A rol.nt-.io11, nnd 1:hn use of mer.hnnical, hand or thermal 
lllPnrJR. M11 I d1Pr-; mny l,p 11s0.d for WP.Pd con l.rn I. Or-gnn i c mu] r:hes mus I; be 
fnlln rm nJtp1·ov,~d A0111-cr- (1/nf',~r· Anc:l.io11 1.2.B.2). PJmd.ir. nml 
h .i ode1,r·ndnb I,~ m11 I d1r~~ 111:iy l,n llAf'd. 

fi. l.'1 Pest nncl Hisr.mw Control 

All equipment used for spraying must never be used for prohibited 
substances. The main aim of organic agricultural production is to 
build an environment. hni:;0.rl on good husbandry practice that prevents 
the bu i. ld up o !' pest nil(! cl isense problems. 



Insecticides: Only insecticides which have rapid 'knockdown' 
and no residual activity can be used in Dio-Gro edible product 
areas provided that: 

n. only the limited range of products permitted in the 
atanclurds for proceasing arc used (1H!e liclow). 

b. no llio-Gro meat :is in the urea during- application. 

c. all contact areas are washed <lawn with water prior to 
the introduction of Bio-Gro edible product to the area . 

.At present time only 'use Category A' pyrethrins can be used for 
insect control in Bio-Gro edible product areas. 

Restrictions on insecticide odours, confinewenl of sprays and 
mists, labelling and sloruge of hmeclic:ides tmd the use of 
insecticidal fwne bombs as described in Munuul 10 apply in full. 

Jlodenticide1:1: Not lo be U!:Jed in llio ·Gro edible pr·oducl. tir·eus 

within five days of the commencement of Bio-Gru weal slaughter 
and processing. Only products containing Brodifucoum, 
Bromadiolone, Maldison BllCl Warfari11 may be used. Contact 
surfaces must be thoroughly washed before Bio-G1·0 meat is 
reintroduced to the area. 

Sanitising an<l Cleaning Materials, Adhesives und others: 
Appendix E of Manual 10 lists penni I.I.eel fH·oducts edible u11d non
edible pt·oducl urec1s. 

No chemicals may be sprayed or otherwise applied when Bio-Gro 
edible producl is in the area. All contact tu·eus must lie wushed 
down with potable water after the use of any sanitising or 
cleaning materials if edible Bio-Gro product is to be processed. 

Carcass Marking: Until a suitable Bio-Gro marking agent is 
identified only Methyl Violet (Cl42535) which i1:1 acceptable in 
the EEC may. be used to mark Bio-Gro carcasses or meat. 'fhe 
feasibility of using non-coal colouring agents such as 
cochineal, chlorophyll, saffron or liquid nitroten branding 
should be investigated. 

Food Acl<l i ti ves: Smoke cl i.s t. il 1 u le, cud 11!{ u1{erd.::; Ull(l o t.l1el" food 
additives may not be used on I.lio·-Gt·o meal. 

Preser-vutives: Insecticides und Anlibiotics may not. be used us 
preservatives on Uio-Gro meat. 

Withholding Periods: Appendix C of Meat Division Marmol 10 
defines withholding period for stoclc after the use of a wide 
range o-f aninml health remedies. Jf emergency use of such 
remedies has beeu made then that product. shall be removed from 
Bi.o-Gro status. 



Routine problems indicate a failure to identify the main cause. 
Control measures permitted and un<ler restriction are listed in Section 
1.2.8.5, 1.2.9.2 and 1.2.9.3. 

5.1.5 Harvesting 

Machinery used for harvesting Bio-Gro grown crops should ideally only 
be used on such crops. If machinery has previously been used for 
harvesting conventional crops, then it must be thoroughly cleaned, so 
that there is no danger of contaminating Bio-Gro produce, nor of 
bringing weeds or pests onto the property. 

5.2 TRANSPORT, STORAGE AND PROCHSSING 

5.2.l Transport and Storage 

All grain or other arable products should be stored in containers used 
only for Bio-Gro produce, Transport and storage containers should be 
thoroughly cleaned before use. Natural pyrethruru can be used in 
buildings but .must not be applied directly to the grain. Rodentici<les 
roust only be used outside the storage containers. 'fhe 1::1ddition of Co2 
to stored grain is allowed. 

PROIIID I'l'ED 

Spraying and fumigation with insecticides or any synthetic 
chemical ei.Lher 011 Lhe harvest.eel c1·op or in storage. 

5.2.2 Processing 

Processing equipment should be self-cleaning. Daily and weekly 
cleaning by scrapi111t, brushing, aspin.1ti11H u11d wushing should be 
employed l:o uvoid problems. Stea111 cleaning il:l n:co11u11ended if pn,Llems 
should adse. Whe11 products ol:he1· Lhu11 1:hoi:;e of Ll1e <:e1·Ufyiug 
Aulhorily's t~l.auduni!::I uru p1·oce!:l::;ed, Liu:: inil.ial 1,ul.ch pro.J11ced wht:n 
changing Lo I.hose standards may 11ol be ::;old <JS l.liu Gt·u. 

Proc~ssing should not diminisl1 Lhe quality of the material being 
processed. When fwnigation is required, special application roust be 
made to the Certifying Authority. After fumigulion, the system musl 
be 1-un for tl.,ro hout-s or longer, as <letennined by the Ce1·tifying 
Authority, befor·e t.he pn,duc.;l. can IH:.: sold as Uio-<;ru. Any self 
raising or other agents added must l,e clearly ide11Lified on pacllagiug. 

PHOIIIB ITEi) 

Chemical additives 
Gluten powder or other flour· improver 
Bleaching agents 



5.2.3 Brend and Flour Products 

Bread must be made entirely with Bio-Gro Standard flo 
milk and bean flours. Any other ingredients, includi 
oil, must also be Bio-Gro Standard. 

For pasta, Dio-Gro Standard flour, semolina and eggs 

PfWMJTTRD 

Yeast and natural leavening 
Naturnl rocl< trnlt or sea salt 

PROHinl'rED 

Gluten powder and bread improver 
Artif:icial emulsifiers, colouring agents, prese 
All chemical and synthetic additions 
Mineral oils 



SECTION 6 - HORTICULTUilH - VEGETABLE AND FRUIT CROPS 

6.1 PRODUCTION METIIODS 

Au essential feature of Bio-Gro horlicullure holdings is Lheir 
intensive nature which may involve the iucorporution of orgunic 
mut.eria1s fn1111 outside the pn1per·l.y. Hol.al.iot18 usuully t:Kclwh.:: g1·uzed 
pns l.111·e owl I i ves l.od,. 

6.1.l Soil fertility 

The intensive nature of horticulture requires in particular that 
sufficient quantities of organic material must be returned to the soil 
to maintain its organic matter. 

Depending on the net output of produce and the cropping intensity, 
organic material produced on the property is rarely sufficient to 
mai11tuin soil organic matter levels and or acceptable soil nutrient 
levels. On such properties this leads to the bringing in of 
considerable quantities of organic material. 

6.1.2 Off-form Org1111ic Mul.er:in1 

All bought in organic materials must meet the standards approved by 
the Certifying Aulhority (Hefe1- sect.ion 1.2.B.2). Muterials may be 
r·ecJldred Lo undergo chemical analysis and be uppnivecl 1,y Lhe 
cerlifying outhority. (See appendix). 

6.1. 3 Soil Mmrngemenl 

Due to extensive production of composts m1cl use of manures and 
composts care must be taken to avoid leaching of nutdents with 
consequent environmental pollution. 

Excessive use of manures in particular must be avoided. The 
certifying authority reserves the right to introduce limitations on 
tonnage of manuerial applications in any one year to 1·educe risk of 
env j n>nmen tu I po I 111 t ion u11d poss i I, I c excess i ve II U.ru l.t! <:011 t.aud uu I: i c.,n 
of wc1ter coun:1es um! foodstuffs. 

6.1.4 Crop Rotation 

.The development of u rotnl:ion wilh a diverse range of crops is 
fundamental l:o succesHful or·ga11i1: i11L1msive cr·opping tmd 1:1l1011ld 
l"t.!Ct! i ve can.! f'u I II I. I.en I. i 011. 

'I'he use of 111i1dmul tillage und exle11sive ul:le of green cn>ps beLween 
main crops is ul::;o considered Bil important var·L of guod r·ulaLiomd 
practice. 



fi. l. fi Mi nern l Nn I: r i I: i on 

On .intensive vep,etnh I e produr.tion uni ts mdng orgnnic nddi tions any 
further mineral enrichment is unli.lrely. Less intensive units for 
vegetnhles and in pnrticulnr orr.harcls may require t.o supplement 
orgnnic inputfl with some mineral nclditions. Permitted and restricted 
minerals are li.sted (Refer section 1.2.8.4 and 1.2.9.1). 

6. l. 6 Wt~e<l Cont:ro l 

Sn tis fnr.tory weed con I: ro l depends on t.imel y management techniques ' 
which :includes rnt:nl: ion ,rnd l:lie USA of mechanical, hnncl or therma 1 
menns. M11lches !JlRY be 11sr-id for weed control, organic mulches must be 
from rm approved som·ce (Hefer section l.2.8.2). Plastic and bio
degradable muldies may he used. 

f;, I. 7 l'~nl.A nnd flis~rHH! Conl.n>I 

Al I w111ipmP.nt. 11sed fm· spn1yinr, m11sl. neVf~r he used for prohibited 
subs l·.nnccs. 

'I'he main aim of Bio-Gro product.ion is to build an environment based on 
goo<l h1Jsbandry practice that prevents the build up of pest and disease 
problems (Refer section 2.2). Routine problems indicate a failure t.o 
idenU fy the main cause resulting in the need to use other control 
measures. 

For permitted and restricted materials (refer section 1.2.8.5 and 
1.2.9.2 and 1.2.9.3). 

6.1.A Propngnl:ion of Tiortic11lturnl Mnt:erinl 

The buying in of plrml: mnterinl. from uncert:ified sources will be 
nllowed suh,ject to the approval of l:he certifying authority. 

Full Bio-Gro producers will be expected to take steps to ensure that 
all propagaterl material is grown in medifl free of prohibited 
materials. Such plant materials should also be raised in an 
environment free of prohibited materials. Inspection of the 
propAfration aren will be requirer!. 

6. 2 TRANSPORT, STOJlAGR AND PROCRSSING 

6.2.l Transport and Storage 

Fruit and vel{c~tables may only be treal:e<l or packed with ot.her produce 
whir.h hc1s been l:r·P.cd:ed with nny of the methods 1 isled below. 



RECOf,f,fENDED 

Refrigerated containers 
Atmosphericully cont.rolled euvirornueuts 
Pure ice 
Dry ice 

PROHIBITED 

All fumigants. 

6. 2. 2 Fresh Fn1i t und Vegetubles 

During sorting, washing un<l grueling elc., lHo-·Gt-o product.a should in 
no wuy he oble l.o come i11Lo conluct wi 1.h or be cm1fuacd with non·-!Ho··· 
Gro goo<lB. No' prohibited muteriulB should Le used while pn:puring 
produce for sole. 
The visual enhancement of produce for sale, e.g. waxing of fruit, 
maybe carried out with materials and processes ucceptuble to the 
certifying authority. 

6.2.3 Drie<l Fruit nncl Vegetublea 

The conunodities must have been grown in accordance with Certifying 
Authority Standards. 

RECot,f,filNDED 

Sun drying and de-hydration 

RESTRICTED 

Preserving in sugar syrup or honey· 

PROHIB I'I'ED 

All other methods 

6.2.4 Fruit or Vegetable Juices and Wines 

All produce used to make fruit and vegetable Juices and wines must be 
of Certifying Authority Sbmclard. Equipment ond bottles should be 
copiously wushed ot· heul: 011d steum cleaned prior Lo 111:Je. 

RECOf,f,:fENfJED 

The use of stainless steel or glass equipment. 

PROIIIB ITED 

A] l other co11 l.ai ners one! equi pmeu L. 



6.2.4.1 Fruit nnd Vegetable Juices 

Untreated lemon juice as A preservntive 
Stainless steel, muslin and kieselguhr for filtration 
Centrifuging 

PERMITTED 

Sea salt, rock salt or low sodium salt in vegetable juices 
Citric acid 

RRS'I'IHC'J'F.D 

Ascorbic acid 

rno111n1TED 

All other materials. 

6.2.4.2 Wine Making 

Certifying Authority quality fruits and juices must he used. 

RECOM\1ENDED 

Cultured or Nntural yeasts 
Centrifuging 
Natural ageing 

PERMITTED 

Chaptnlisnlion with 100% pure sugar 
'I'he addition of unfermented grape ,juice - only where the grape 
,j11ir.e is of Certifying Authority Stan<lard quality. 
Nnturn 1 1 omon ,juj ce 
Clnrifjcation nmy he assisted using fresh egg whites, pure 
casein, food quality natural gelatine, bentonite and kaolin and 
en lei. um crn-honn t.e. 

HESTIHCTED 

Ascorbic Reid 
Sulphur di.oxi<le either as gas or metabisulphite can only .be used 
if the final so

2 
concentration is below those indicated. 



SRCTTON 7 -- INSPECT ION MW CONTROL -~------------------ -·--

In order to pr·ol:ecl: both the conm1mer and the producer, all Transition 
Dio-CTro, or Ain-Gro prorl11ce/food must come from properties and/or 
proceirning fnr..ilit:ieA Um!. hnvP. IH~P.ll verified as meeting the 
requirement: stnndnnls of I.be Certifying Authority. Any such 
produce/food, must, OA a minimum, be packaged so as to carry the 
regisl:P.red number of the producer and/or processor, and preferably the 
name 111:1 well. Provided all fees ond ancillary requirements have been 
met, it shall also be entitled to carry the registered trademark of 
the Certifying Authority. Subject to satisfactory inspection and 
verification, n licence to uae the trademark will be issued by thE: 
Certifying Authority. The licence will be issued Jointly to a 
property or processing facility, AND a responsible individual, who 
shall directly control the day-to-day operations of the unit. 

7. 1 INSPRCTORS 

Inspectors shall usually hold a relevant tertiary qualification in 
some aspect of environmental or biological science and/or experience 
in some aspect of primary production. They will need to satisfy the 
Certifying Authority that they are familiar with the Standards for 
organic produce, and have a demonstrable interest in the philosophy of 
organic agr:i_cul ture. Each new inspector will be required to attend a 
t-.rnininp; course, and mer.l: I.he required t:=1tandnrds of the Certifying 
Authnril.y. 

The pur-poAP. of l.11c inspect ion is to ensure thot the requirements and 
limitnl:ionA ACI. i.n U1e oq~nnic procl11ct.ion t:=11:nndnrcls 11re respec:ted. 
Both the inspector nnd the producer must be familiar with these 
standards. Producers will be issued with a set of standards when they 
apply for certification of their property. When the appropriate 
questionnaires are completed and returned, and the fees paid, the 
Certifying Authority sl1all appoint an inspector to visit the property. 
The decision of the Certifying Authority will be based on the farm 
debd.ls and history supplied by the applicant, together with the 
inspector's report. 

Before epplicnl:ion, it mny be appropriate for the applicant to seek 
advice from relevant sources. 

7. 2 THE PROPRIITY QURSTlONNAHm 

The anmm 1. i.nsper.t:i nn of I.he property will rest primnrily on the 
descripl:inn of I.hr. fnnn nncl fnr-minr, prncl.icfls, produced by the fnnner 
on rerfisl:t-nl.ion with l:he Cr:!rlifying Authority. 

The property owner/monager will be required to provide information on: 

I. Tiu~ nnl:m·e of l:l1f~ fnr-min1, OfH~n1l:ion: 
LiveRl.oclr, Mixed c:n,ppinr, ornl livestodr, 
Hnrl:ir:nlt:1we -- Ver.ef:l'\ble arni Frui.t Ct-ops? 



Maximum permissible Total so
2 

levels in Bio-Gro wine. 

Sugar 

-1 
<5 g.1 (Dry) 

>5 < 30 g.1-l (Medium) 

)30 g.1-l (Sweet) 

6.2.5 J81W3 and Chutneys 

Total so
2
~/1itre 

90 - llO 

110 - 200 

250 

The ingredients for jams-ancl chutneys must be derived from Certifying 
Authority S tanclar<ls quality produce. He<lucli ems, pasteurisation und 
pureers are all recon~en<led. 

6.2.6 Spreads 

All ingr~<l:ients used to aake spreads ll!IUBt be derived frOl:11 Certifying 
Authority Standards quality produce. 

REC()f,f,{RNDRD 

Certifying Authority Standards oils, herbs und spices 

PERMITTED 

Nnturnl met.hods of preservinH und pasteurising. 
Unrefined seu snll or refined rock sull 

PROHIBITED 

Emulsifiers, thickeners, onU·-oxidenls, fluvour e11huncers und 
all chemicol ond synthetic additives 



2. An acceptuble fann plun, druwn to scule and showing: 

a) All paddock boundaries fully nwned or numbered for easy 
reference. 

b) The nature of the boundaries should be indicated e.g. 
hedge, tree line, shelterbelt, fencing (closed or op~n), 
stone walls, no visible boundary. 

c) Particular note should Le mude of the nature and 
condition of the property boundury. 

d) The presence and composition of woodlot pluntings or 
natural ureus should be noted. 

e) MuJor soil types within lhe property should be indicated 
on lhe plan. 

f) Natural drainage patterns should also be indicated. 

3. Areas adjacent to the properly being inspected require attention 
with regunl to pos1,d.hle som"ces of polluliou. Of 8peciul 
importa11ce wi 11 be: 

u) .rrui t orchards, - spn1y dd ft dt1111{c1·. 

b) Hill and river bed country liable to aerial spraying 
with herbicides and consequent spray drift and polluted 
water run off. 

c) MaJor roods which coul cl leud to hec1vy metu 1 pollutiou of 
adjacent production ureas. 

cl} PolluLing iudu:,il.ry .. ucriu1 dd fL uud wul.la
contwniuution. 

. 
e) Polluled wuler us u source fot· irdg·ut.ion 

4. The general principles of production 1nelhods on llii:: property in 
the past. These will include: 

a) Past use of organochlorines. 

b) Lives lock managemenl wi lh delui ls of stock held. 

c) Rotation cycles wi lh details of crops gniwu. 

cl) Soil ferlilily mui11t.cuunce. 

e) Weed co11Lrol techniques. 

f) Pest and disease control. 

g) Harvest procedures. 

h) Storage fo~ilities. 



!"i. On properl:ies involvin~ livestock specinl nttention needs to be 
given to: 

a) Supplementary feeding. 

b) TIRe of veterinary meclicine. 

The pr0<lucer 0hould lceep ~ood recorcl0 of the use of veterinary 
products in pnrticulnr nnd be fnmi.liar with the requirements of 
!=:ect. ion '1. I • :1 of t.lH~ R l:nndnnlR. 

7. :1 TilR rnormrrY J NSPRCTJ ON AND HRl'OIIT 

The inspection wil] be carried out by An inspector of the certifying 
authority accompanied by a member of the Biological Producers Council 
(Inc) who is familiar with the type of property to be inspected. 

'l'hc purpose of Uw inRJH~r.1.ion is l:o clnrify nnd verify the infonnnl:ion 
ron 1.ni nr-d in t.lH~ propf"t·l.y (]HCR I. i onnn ire. J n odd it.ion n fu 11 
inApecl:ion tour· of 1:lw: fnr·m iR cnrried ont to exnmine I.he.well bejng 
of l.11c prnd11cl.ion Aynl.cm nncl l.o f"Rl.nhlit=1h the Rl.nl.t1A of I.he properl.y 
11nde1· i.nAJlf~c:I. i 011. A I Uri A I: i me t.h,~r<~ mny he occnR ion l.o en 11 for 
cert.nin m1nlyticul leRI.R on soil, p]nnL or procluct. Any such tests 
required will be at the expense of the applicant. 

7 .-1 POOPRRTY 8TAT1JS - TIJ.0-GT?O OR TRANSITION BIO-GRO CONTilACTlffiAI. 
OTII,IGAT.lONS 

The property owner/mAnnger signs the farm questionnaire as a f{Uarantee 
that the information is correct. With the signature on the 
questionnaire or a separate contract: the farm manager undertakes to 
farm accor<ling to the standards stipulated and to inform the Council 
~r regionRl inspector in writ.inff, if any~hanges occur in the 
ci rcnmRtonr.es :,l:ated flhould these chnnges be of such a nature that 
!:hey mny materi.a lly vary from the nnswers in the farm questi.onnaire. 



' . . . '. 
•.· i j 

Appendix 2. 

tL l ~'Lf ( li!L. •. 

~ ....... , .. ~-.... 
J ·soLi-b::'· \ .. , 

" \ -· ,.. 

.·NliV&R.4~ • J 

.I· • ~LS m • ·-;_i 

T-.,'. 
Liquld 

~ 
N) ""'· d 

16 X. l.5m 

t"\ 
; ("\ 

C - .-::f~ 
, 

·, g 
I, 

O;:) I' 
,<- ~ ,t a 

filnet·al 
'~ ,; 'y.. «J 

d ,;) 

\X) -... 
~ 

u 

" 
~ 

iJ ----
..... 

i"1) '"' .. , -a 

I Mlne·ra1 .. JJ.ri . .,.. 
·'- '" ( d 

I 

~-r-

"") N. 

C -

_?J: f0,QQ ~ 
\..,-
r~ 

~ 
'•:., : f\: ~; (' .~: ... ., •I• 

~·-

l' lot. lh1JUl>er 

l Mineral 
2 Solid 
3 tlineral 
r, Solid 

'15. Liquid 
{i · _~Uneral 
•7 ·:: Solid 

•:· . ·(i .. Liquid 
·.··g Liquid 

1..EVUI 

~ 

0 
'· ..., 

2 
,... ~ 

.~ .. .. 
' ,,1 ,_. 

J 

('.' .. 

·"· 
J 

,£: 

2 

I '?.' 
_1 

0 

2 

0 

~ 

' .. ( 

~ :i. 

; . l 

"' 

UURI IC IJ L TIIILJl.L RE!l UJJ.Cll CE!ITiill 

(UI.G.llllG VE GEI.All U: BLOCK. Ir . r. 
1, .,,, 

y' 

Liquid -· \.._ 3 Solid J... J 

C\) 
.., 
~ n ~ <.I d 

rJ l 2. 

C "' 
... tC"' 

n 
C .,_ :";; 

V . ·i. i. .: 
<r.- 0 

~' !'~--
M .'.:'. ,..l 

h b 
.. , ... ,,.; -~ 

I~ 

2. ~ 0 

f'-') ' 
\)' N .. 

' n ....... '• ' 
d~'G'id' . -~ ·e:12. Soli<.1 S!?\j L. 

21 2 
• . . !· --==-- p\; 

d · .. "" <.I .!~--~ 
·, 

-·--1. 

I 
\\~ Oo ' C ··c:: 

J 

~ ~ ..... --C ·-
-~ 

b 
•· .. 

,i. -~ 
'iQ 

;-' J 
. ._, 

b ~ ""--., 

a 

.,·,.~ ... 
~'.-) - . 

0 ... 
~-

0 

V' \"V)'. 
a 

·---
Solid - 0 Mineral -0 J - d 0-V •:--

2 o-
.1 "" 

C C 

b 

-~ \ •' ~. ;,..-

·•Af.' 
1 • ·=»• •• ,· 

.; 'l 

3 

~ .1-; '• 
,•. ,_.,1-b ____ N_ .. _ 7-,_· ·----+='')' 

.. ·rf•' 

a ........ ,,f ••• 
.,,..✓ •· • •.I.,' .. 

Rates o, l, 2 and 3 on sub.plots a, b,'c anl.'d 
·--·-::.: 

,. treatirents randomised over _whoi~ plots 

,. rates ranclomi-:ied over GUb plots 

\,. 

~-
• t 

I• 





Appendix 3. Actual plant population density of sweetcorn plant. (MAF) 

Treatment level repliction 

I II III Mean 

Whey control 40444 40666 49333 43481 b 

low 39111 44888 46222 43407 b 

medium 43555 37333 44888 41925 b 

high 47111 39777 44888 43925 b 

Compost control 40888 41555 37777 40073 be 

low 41110 40666 41555 41110 be 

medium 50444 29111 40000 39851 C 

high 39333 45555 42444 42444 b 

Mineral control 62668 41111 40888 48221 a 

low 40444 38444 39333 39407 C 

medium 44222 34222 46666 41703 be 

high 35555 48666 35333 39851 C 



Appendix 4. MAF SOIL ANALYSIS 

SAMPLING DATE 

6/1/88 

23/3/88 

12/10/88 

9/12/88 

16/4/89 

26/9/89 

13/12/89 

1/4/90 

1st crop corn, post sow, post fertilizer 

1st crop cron, post harvest 

1st cover crop, vetch, post incorporation 

2nd crop-squash, post sow, post fertilizer 

2nd crop-squash, post harvest 

2nd green crop, tama rye, post incorporation 
(pre-trial 1989)**** 

3rd crop sweetcorn, post sow, post fertilizer 
' 

3rd crop sweetcorn, post harvest 



Appendix.4 Table. I MAF Soil pH measurement. 

Sampling 6/1/8 23/3/8 12/10/ 9/12/8 16/4/ 26/9/ 13/12 1/4/90 
date 8 8 88 8 89 89 /89 

CONTROL 

whey 5.73 5.83 5.83 5.67 5.95 6.20 5.87 6.20 

compost 5.60 5.80 5.83 5.70 6.00 6.20 5.87 6.17 

mineral 5.70 5.83 5.87 5.73 5.90 6.23 5.93 6.17 

LOW 

whey 5.77 5.77 5.77 5.80 6.05 6.23 5.83 6.17 

compost 5.60 5.77 5.83 5.90 6.10 6.23 5.90 6.17 

mineral 5.77 5.87 5.87 5.83 6.10 6.27 5.93 6.17 

MEDIUM 

whey 5.83 5.80 5.80 6.07 6.15 6.30 6.00 6.23 

compost 5.63 5.70 5.73 6.00 6.13 6.30 5.90 6.17 

mineral 5.70 5.77 5.80 5.80 6.03 6.17 5.93 6.13 

HIGH 

whey 5.80 5.83 5.87 6.17 6.10 6.30 6.00 6.23 

compost 5.87 5.83 5.87 6.23 6.20 6.43 6.07 6.30 

mineral 5.80 5.90 5.87 6.03 6.23 6.27 6.03 6.20 



Appendix 4 Table 2. MAF Soil measurement for Organic Carbon. 

Sampling 9/12/ 16/4/ 26/9/ 13/12 1/4 
date 88 89 89 /89 /90 

CONTROL 

whey 4.0 4.1 4.2 5.3 4.8 

compost 3.9 4.1 4.2 5.1 4.5 

mineral 4.2 4.1 4.2 5.1 4.5 

LOW 

whey 3.9 4.1 4.2 5.5 4.8 

compost 3.9 4.2 4.1 5.1 4.6 

mineral 4.1 3.9 3.9 5.3 4.6 

MEDIUM 

whey 3.8 4.1 4.2 5.6 4.6 

compost 4.0 4.2 4.1 5.4 4.8 

mineral 4.3 4.3 4.2 5.2 4.7 

HIGH 

whey 4.1 4.2 4.0 5.5 4.9 

compost 4.4 4.1 4.1 5.5 4.7 

mineral 3.9 4.2 4.2 5.0 4.4 



Appendix. 4 Table.3 MAP Soil measurement, Olsen P. 

Sampling 6/1/8 23/3/8 12/10/ 9/12/8 16/4/ 26/9/ 13/12 1/4/90 
date 8 8 88 8 89 89 /89 

CONTROL 

whey 30 26 27 29 26 25 22 23 

compost 36 37 36 34 28 29 27 28 

mineral 28 26 26 30 22 23 23 22 

LOW 

whey 34 29 30 38 31 31 26 26 

compost 39 38 34 43 35 34 30 31 

mineral 34 31 31 33 28 29 27 27 

MEDIUM 

whey 38 35 36 57 46 43 38 37 

compost 39 40 39 52 39 41 34 33 

mineral 29 29 28 30 23 24 24 25 

HIGH 

whey 41 38 38 62 44 45 42 42 

compost 42 48 47 58 40 37 37 37 

mineral 30 32 30 32 27 27 26 27 



Appendix 4 Table 4 . MAF Soil measurement for K. 

Sampling 6/1/ 23/3/ 12/10/ 9/12/ 16/4/ 26/9/ 13/12 1/4 
date 88 88 88 88 89 89 /89 /90 

CONTROL 

whey 8 5 5 16 10 5 9 6 

compost 7 3 4 11 6 3 7 4 

mineral 6 4 5 12 6 4 8 3 

LOW 

whey 10 6 6 21 12 8 11 7 

compost 10 6 7 15 10 5 10 6 

mineral 10 5 6 15 9 6 12 7 

MEDIUM 

whey 12 10 10 30 19 11 20 14 

compost 10 6 6 20 12 8 11 8 

mineral 9 6 6 19 11 4 12 7 

HIGH 

whey 15 10 10 32 26 14 26 19 

compost 10 6 5 22 13 7 15 7 

mineral 12 8 8 24 15 8 14 9 



Appendix.4. Table 5. MAF Soil measurement, Ca. 

Sampling 6/1/8 23/3/8 12/10/ 9/12/8 16/4/ 26/9/ 13/12 1/4/90 
date 8 8 88 8 89 89 /89 

CONTROL 

whey 7 6 7 7 8 6 6 5 

compost 6 6 7 6 6 6 6 5 

mineral 7 6 7 7 7 6 7 5 

LOW 

whey 6 6 6 7 8 6 7 5 

compost 6 5 6 7 8 6 7 5 

mineral 7 6 6 7 7 7 7 5 

MEDIUM 

whey 7 6 7 8 8 7 7 5 I 

compost 6 6 6 8 8 6 7 6 

mineral 8 6 7 8 8 6 7 6 

HIGH 

whey 7 7 7 8 9 6 8 6 

compost 7 7 6 10 9 8 8 7 

mineral 7 6 7 8 8 6 7 6 



Appendix.4 Table.6 MAF Soil measurement, Mg. 

Sampling 6/1/8 23/3/8 12/10/ 9/12/8 16/4/ 26/9/ 13/12 1/4/90 
date 8 8 88 8 89 89 /89 

CONTROL 

whey 8 7 7 13 12 10 11 11 

compost 8 6 6 10 10 9 9 9 

mineral 8 7 7 12 11 9 11 10 

LOW 

whey 8 7 8 13 12 10 11 10 

compost 9 7 7 14 13 10 12 11 

mineral 9 7 8 13 12 11 13 12 

MEDIUM 

whey 9 7 8 14 13 10 13 11 

compost 8 7 8 18 16 12 13 13 

mineral 9 9 8 16 14 11 15 13 

HIGH 

whey 10 8 8 15 16 11 15 13 

compost 11 9 9 22 17 16 18 16 

mineral 11 9 10 20 18 13 17 16 
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Appendix. 7. Yield Data of Previous Crops. 

Trt/Plot Trt/Rep Vetch Cover Squash Italian Rye (dm 
Crop (total wt.kg) in g) 
(wt. in g) area=30x30cm 
area=6x15m 

27-9-89 
22-6-88 88-89 

Whey Control- 6.2 150.2 37.4 
a 

b 6.0 157.8 53.2 

C 6.7 128.4 41.3 

mean 6.3 145.5 43.9 

Low-a 7.8 168.9 60.2 

b 8.5 191.3 32.1 

C 10 186.9 34.9 

mean 8.8 182.4 42.4 

Medium 11.2 171.9 62.1 
-a 

b 14.4 212.8 49.6 

C 9.2 186.3 64.4 

mean 11.6 190.3 58.7 

High-a 10.3 189.1 62.2 

b 6.7 189.0 62.6 

C 8.7 186.5 55.3 

mean 8.6 188.2 60 



Appendix.7. Yield Data of Previous Crops. 

Trt/Plot Trt/Reps Vetch Cover Squash Italian Rye ( dm 
Crop (total wt. in g) 
(wt. in g) kg) area=30x30cm 
area=6x15m 

22-6-88 crop yr. 88/89 27-9-89 
harvest 
5/4/89 

Compost Control-a 6.1 151.1 29.7 

b 6.0 122.1 39.7 

C 9.1 155.9 42.3 

mean 7.0 143 37.2 

Low-a 9.6 163.9 55.7 

b 9.1 155.2 37.1 

C 11.4 187.1 60.1 

mean 10.0 169 50.9 

Medium- 9.0 190.6 49.7 
a 

b 11.0 177.5 61.4 

C 10.6 205.5 51.9 

mean 10.2 191.2 54.3 

High-a 10.6 215.2 67.7 

b 8.3 170.2 60.9 

C 13.0 174 66.9 

mean 10.6 186.5 65.2 



Appendix. 7. Yield Data of Previous Crops. 

Trt/Plot Trt/Reps Vetch Cover Squash Italian Rye 
Crop (total wt.kg) (dm in g) 
(wt. in g) area=30x30c 
area=6x15m m 

22-6-88 88-89 
27-9-89 

Mineral Control-a 5.5 154.5 36.8 

b 5.8 155.8 47.6 

C 5.7 144.7 52.8 

mean 5.7 151.7 45.7 

Low-a 8.7 172.7 28.1 

b 7.6 164.1 37.4 

C 11.2 160.9 22.0 

mean 9.2 165.9 29.2 

Medium-a 6.5 157.4 65.2 

b 8.1 181.8 65.7 

C 6.8 188 31.2 

mean 7.1 175.7 54 

High-a 8.2 185.3 39 

b 8.9 164.3 43.7 

C 9.8 173.6 36.7 

mean 8.9 174.4 39.8 



APPENDIX 8. RESIN P VALUES FOR MINERAL FERTILIZER 
TREATMENT(SAMPLES TAKEN 20 DAS). 

Control Low Medium High 

Repl 35 39 47 48 

Rep2 45 61 51 51 

Rep3 37 39 47 54 

mean 39 46 48 51 



Appendix 9. Water Balance During the Growing Period 
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Appendix 10. 

ORGANIC FERTILISER TRIAL, LEVIN, 1989-90 

Table 1 Visual estimates on 21 Febrnary 1990 

Treat. corn score weediness % % % % 
/10 /10 amaranth polygon docks others 

Mineral 0 7.5 5.7 52 37 3 8 

Mineral 1 6.3 7.2 62 28 2 8 

Mineral 2 6.7 6.8 53 35 2 10 

Mineral 3 5.8 7.0 62 27 2 9 

Solid 0 5.3 7.3 37 so 7 6 

Solid 1 6.2 8.7 57 32 7 4 

Solid 2 6.7 7.3 60 30 0 10 

Solid 3 •. 8.3 7.0 70 18 0 12 

Liquid 0 6.7 7.0 37 43 7 13 

Liquid 1 7.7 7.0 63 27 0 10 

Liquid 2 8.2 6.3 67 23 0 10 

Liquid 3 8.5 6.0 70 · 20 0 10 



Appendix 11 APPARENT MINERALIZABLE N 

Apparent Mineralizable-N 
trt. Plt.Nup Weedup 

Whey-C 57.4 34.4 
low 77. 7 27.2 
medium 105.5 36.9 
high 98.7 46.9 

Compost-c 52.7 26.1 
low 81.4 28.5 
medium 66 23.1 
high 91.1 43.4 

Mineral-C 55.2 19.3 
low 67.7 23.7 
medium 87.4 30.6 
high 59.1 29.4 

Actual weed uptake (wc,wh, 
others est35%ofuptk 

SoilN(i) SoilN(f) 

36.07 7.6 
47.8 9.15 

88.79 8.93 
132.08 16.25 

31.99 7.75 
40.89 8.16 
48.16 10.44 
69.04 13.85 

35.08 8.45 
34.72 9.16 
35.96 8.73 
36.19 8.73 

cc,ch,mh) 

Apparent N N-min amtmin%tot 
Plt.avilN Plt(alone) +weeds TotalN pltalone plusweed 

28.47 28.93 63.33 8215 0.35 0.77 
38.65 39.05 66.25 8126 0.48 0.82 
79.86 25.64 62.54 8501 0.30 0.74 

115. 83 -17.13 29. 77 8688 -0.20 0.34 

24.24 28.46 54.56 7783 0.37 0.70 
32.73 48.67 77 .17 8005 0.61 0.96 
37.72 28.28 51.38 8303 0.34 0.62 
55.19 35.91 79.31 8732 0.41 0.91 

26.63 28.57 47.87 7740 0.37 0.62 
25.56 42.14 65.84 7913 0.53 0.83 
27.23 60.17 90. 77 7970 0.75 1.14 
27.46 31. 64 61.04 7695 0.41 0.79 




