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ABSTRACT

THE EFFECT OF NITROGEN FERTILISATION ON THE
GROWTH, YIELD AND QUALITY OF SWISSCHARD
(Beta vulgarisvar. cicla)

The sustainability of subsistence farming associatedtimttnealth of rural communities’
necessitated research on Swiss chard as it formgegral part of food consumed by the
poor in developing countries. Two separate pot experimests garried out during the
2005/06 and 2006/07 seasons in the glasshouse of the Departn&mit, &@rop and
Climate Sciences at the University of the Free Stdtiee objective of this study was to
determine the effect of nitrogen fertiliser on growtieldyand quality of Swiss chard.

The first pot trial was conducted to evaluate the efiédive nitrogen levels (0, 50, 100,
200, 400 kg N hd) and four application times on the growth, yield and tpalf two
Swiss chard cultivars (‘Fordhook Giant’ and ‘RhubarbJwo Swiss chard seedlings
were planted per pot, filled with topsoil of the fine samoglam Bainsvlei form. Two
weeks after planting plants were thinned to one seedlingp@ier Different nitrogen
levels were applied to the relevant pots as followseoevery second, fourth, sixth or
eighth week. It was only the total dry mass per pladttatal nitrogen content per leaf
of ‘Rhubarb’ plants that was significant higher thaat tbf ‘Fordhook Giant’. The other
parameters measured for the two cultivars did not diffgnifstantly from each other.
Nitrogen levels positively influenced the early growtligld and quality parameters
measured. It was the highest nitrogen level (400 kgl trat resulted in the highest
number of leaves harvested, leaf fresh and dry massadea and leaf nitrogen content.
Nitrogen application times significantly influenced only geely growth of Swiss chard
plants and the nitrogen content of leaves. Earlytptaowth reacted better where
nitrogen was split into three equal applicationg.(TThe total nitrogen content of Swiss
chard leaves was significantly higher where nitrogen s@i into five equal () or
three equal (J) applications.



In the second pot trial the effect of different nitrogemurces applied at different levels
on the growth, yield and quality of Swiss chard cultivees determined. The response
of Swiss chard plants to nine nitrogen levels (0, 100, 200, 300,5000,600, 700,
800 kg N hd) from six different nitrogen sources (ammonium nitratgassium nitrate,
calcium nitrateammonium sulphateirea ammonium nitrate and urea) were studied.
Based on the findings of this study, nitrogen significamtfiuenced growth, number of
leaves harvested, leaf fresh and dry mass, leaf ack&af nitrate content of ‘Fordhook
Giant’ plants with best results obtained at 800 kg N. haVitrogen sources did not
influence either the total number of leaves harvestedtim® fresh mass of harvested
Swiss chard leaves. In both cases, ammonium nitra thavbest results and calcium
nitrate the poorest. Urea influenced the leaf area pelsittellowed by urea ammonium
nitrate, with calcium nitrate resulting in the smadllesaf area per plant. Dry mass of
Swiss chard leaves was also significantly higher wheea was used as nitrogen source
compared to where calcium nitrate was used. No signtfiddferences amongst the
other nitrogen sources. Ammonium nitrate and potassiuatenisignificantly stimulated
the accumulation of nitrate in Swiss chard leavesradis the other nitrogen sources did
not play any role in nitrate accumulation in the lea&Swiss chard.

Keywords. nitrogen application level, nitrogen application timeflaumber, leaf area,

leaf fresh mass, leaf dry mass, leaf nitrogen conlkeat nitrate content



UITTREKSEL

DIE EFFEK VAN STIKSTOFBEMESTING OP DIE GROEI,
OPBRENGSEN KWALITEIT VAN SNYBEET

(Beta vulgarisvar. cicla)
Die volhoubaarheid van bestaansboerdery, tesame megedondheid van landelike
gemeenskappe, noodsaak navorsing op snybeet juis omdat ditirgedrale deel van
arm gemeenskappe se voedselbehoefte uitmaak. Twee afs@engmtproewe is
gedurende die 2005/06 en 2006/07 seisoen in die glashuise vaepdigdinent Grond-,
Gewas- en Klimaatwetenskappe by die Universiteit van dystsat uitgevoer. Die doel
van die studie was om die invloed van stikstofoemgstip die groei, opbrengs en

kwaliteit van snybeet te ondersoek.

Die eerste potproef is uitgevoer om die invioed van vigsifpeile (0, 50, 100, 200, 400
kg N ha') en vier toedieningstye op die groei, opbrengs en kwaliggittwee snybeet
cultivars (‘Fordhook Giant’ en ‘Rhubarb’) te onderso€kwee saailinge is aanvanklik
per pot, gevul met grond (fyn sandleem Bainsvleivorm), géepl&ta twee weke is die
saailinge uitgedun tot een per pot. Verskillende stikst&peias volg aan die relevante
potte toegedien: een keer elke tweede, vierde, sesde ofnage Dit is slegs die totale
droé massa per plant en die totale stikstofinhoud perr blaa ‘Rhubarb’ wat
betekenisvol verskil het van ‘Fordhook Giant. Die andmrameters het nie
betekenisvol verskil tussen die twee cultivars niee @beé groei (eerste agt weke na
plant), opbrengs en kwaliteit van snybeet is positief aberverskillende stikstofpeile
beinvioed. Die hoogste stikstofvlak (400 kg N‘hhet die beste resultate gelewer vir die
aantal blare geoes, vars- en droé massa van die blaaeppperviak en stikstofinhoud
van die blare. Die toedieningstye van stikstof het doe& groei van snybeet asook die
stikstofinhoud van die blare betekenisvol beinvioed. Vroeé geresnybeet het beter
gereageer waar stikstof toegedien is in minder paaien(i€f)te Die totale stikstofinhoud
van snybeetblare was betekenisvol hoér waar stikstof ophsde vyf (T,) of drie (T)

gelyke toedienings.



Die tweede potproef is uitgevoer om die invioed van kikesde stikstofbronne,
toegedien teen verskillende peile, op die groei, opbrengsnaliteit van snybeet te
bepaal. Die reaksie van ses stikstofboronne (ammonitaati kaliumnitraat,
kalsiumnitraatammoniumsulfaatreumammoniumnitraat en ureum) toegedien teen nege
verskillende stikstofpeile (0, 100, 200, 300, 400, 500, 600, 700, 800 ka@'N i
ondersoek. Resultate van die studie dui duidelik daaropikisto$ ‘n positiewe invioed
op groei, aantal blare geoes, blaarvars en —droé massappparviak, asook die
nitraatinhoud van die blare gehad het. Die beste resigtatrkry waar 800 kg N Ha
toegedien is. Stikstofbronne het nie die totale aaraat lgeoes of die varsmassa van die
blare van snybeet betekenisvol beinvioed nie. In beide géwetliemmoniumnitraat die
beste resultate gegee en kalsiumnitraat die swaksteunUhet die blaaropperviak van
snybeet positief beinvioed gevolg deur ureumammoniumniteaay/itkalsiumnitraat die
swakste gevaar het. Droé massa van snybeet se blabetgkenisvol hoér waar ureum
toegedien is as waar kalsiumnitraat toegedien is agafbksn. Ammoniumnitraat en
kaliumnitraat het die akkumulasie van nitraat in die éblaan snybeet betekenisvol

gestimuleer terwyl die ander stikstofbronne nie ‘n ketesvolle rol gespeel het nie.
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CHAPTER 1

MOTIVATION AND OBJECTIVES

1.1 MOTIVATION

South Africa is self-sufficient with regard to vegetaploduction and also exports both,
fresh and processed vegetables (Olivier, 1974). Howevegehwand malnutrition are
still found in many rural and urban areas. It has beamatstd that in South Africa at
least 3 million people under the age of 15 suffer fromnatation (Louw, 1992).
Vegetables are of great importance in alleviating malnotritas they contribute
significantly to the number of calories and nutrientsdaily diets. The scarcity of
vegetables in the diet is a major cause of vitamin Acdglcy, which causes blindness
and even death in young children throughout the semi-anddaaid areas of Africa
(AVRDC, 1990).

Vegetables are produced in most parts of the South Afiitawever, in certain areas
farmers tend to concentrate on specific crops; fomgka, green beans are mainly grown
in the Tzaneen. From 2004/05 to 2005/06 (July-June), the total pimdo€ vegetables
(excluding potatoes) decreased by 1.0%, from 2 206 431 to 2 184 763doneserning
the major vegetable types in terms of volumes producedaseseoccurred in the case of
carrots, pumpkins and onions, which increased by 3.0, 2.7 and e&lyectively
(Directorate Agricultural Information, 2006). The largestrdase, 6.7%, was found in
the production of cabbages which was followed by tomatats 2.8% for the same
period. Approximately 53% of the volume of vegetables pradliisc&aded on the major
South African fresh produce markets. The total volunmevepetables (excluding
potatoes) sold on these markets during 2005/06 amounted to 1 160 h&ilet,
1173 277t were sold during 2004/05, which presents a decrease of[lirE¥iorate
Agricultural Information, 2006).

Swiss chard HBeta wulgaris var. cicla) belongs to the family Chenopodiaceae.
Horticultural history indicates that Swiss chard wa#ivated as early as 350 B.C.
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(MacGillivray, 1953; Splittstoesser, 1990).idta dicotyledonous biennial crogenerally
treated as an annual aimdcan be harvested continually for a period of four it@ f
months. Swiss chard is grown for its large crisp and fleslavés ands found to be
gaining in popularity as either a baby or a mature vegetdiie.leaves which are a rich
green colour are extremely nutritious and high in fidMacGillivray, 1953;
Splittstoesser, 1990)

Swiss chard is a hardy, cool season crop (MacGillivi®53) and a very nutritively
demanding crop (Santamasgal., 1999a). The mineral content of Swiss chard leaves is
influenced by the amount, frequency and method of fetidisa(Santamarieet al.,
1999a). The nutritive value of Swiss chard also diffegaiicantly between different
cultivars (Pokluda & Kuben, 2002). Swiss chard is charaei@ by high sodium and
oxalates levels (1678-6031 mgkfesh mass) (Santamaréa al., 1999b). The mean
sodium content of 13 Swiss chard cultivar leaves kas beported as 2100 mgkigesh
mass, potassium 4198 mg kdresh mass, calcium 481 mg kgresh mass and
magnesium 361 mg Kgfresh mass (Pokluda & Kuben, 2002).

It is highly relevant to consider factors that might he&lpmaintaining Swiss chard
production. Correct cultural practices such as the adeqpplieation of fertilisers have
to be adhered to and carried out in order to obtain goeldsyi(Everaarts, 1993).
Fertilisation is one of the methods used to increas#d yand nitrogen is the most
commonly used nutrient. The usage of fertiliser has asa@ considerably over the years
(MacGillivray, 1953; Bidwell, 1979; Splittstoesser, 1979; GoNi&akon, 1983; 1986).
Concomitant with this increased fertiliser applicatisrthe need to establish optimum

application levels of fertilisers for growing vegetables

Bearing in mind that nitrogen fertilisation plays an intpat role in the production of
vegetables, and even more so in leafy vegetables suchwigs Shard, and that
agricultural crop production has to increase considerabbttton feeding the growing
world population. Efforts should therefore be focused rameasing crop yields per
hectare rather than increasing the area for agri@ilpuoduction.
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1.2 HYPOTHESIS

» The growth, yield and quality of Swiss chavdl increase by increasing nitrogen
levels.

» The growth, yield and quality of Swiss chard will increageth more nitrogen
application times.

» The growth, yield and quality of Swiss chard will diffeith different nitrogen

sources.

1.3 MAIN OBJECTIVE

The main objective of this study was to quantify the éftdcnitrogen on the growth,
yield and quality of Swiss char@¢ta vulgaris var.cicla).

1.3.1 Sub-objectives

» To determine the effect of different nitrogen levels egupht different times on
the growth, yield and quality of two Swiss chard cultivars
» To determine the effect of different nitrogen sourcegmmwth, yield and quality

of Swiss chard.
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CHAPTER 2
LITERATURE REVIEW

2.1 INTRODUCTION

Beta vulgaris var. cicla (Swiss chard) is important in the human diet, espgdalpoorer
South African communities. As was mentioned earl#@wniss chard belongs to the
Chenopodiaceae family. This family of vegetables is tally low in fat and
cholesterol, yet is a rich source of protein and costall the essential amino acids. lItis
also a valuable source of vitamin A, C, E, K and irorb{@&.1). Ten milligrams of iron
per day is recommended for humans as spinach is highnnbut the high oxalates in
spinach may reduce iron intake. These vegetables aresalprisingly high in other
minerals such as calcium, magnesium, phosphorus, coppeganese and potassium.
On the other hand, Swiss chard specifically, is verir mgsodium, and a large portion of
the calories is from sugars (USDA SR20, 2007).

To produce optimum yields of good quality Swiss chard, ofteh &igounts of nitrogen
fertiliser are applied. The recommended total amountitobgen fertiliser for Swiss
chard is 160 to 260 kg Ha(FSSA, 2007). In reality, the amount of nitrogen fiseil
used is probably higher as farmers may apply more $antithan recommended to secure
yields. Nitrogen is an element required for plant ghoand is an important component
of proteins, enzymes and vitamins in plants. Furthermors, a central part of the
essential photosynthetic molecule, chlorophyll. Itpi®sent in plant alkaloids and
thousands of other substances that are of great sowakeconomic importance in our
society (Bidwell, 1979).

Plants absorb nitrogen in the form of nitrate ions {N@nd ammonium ions (Nf)

through their roots. The quantity of nitrogen absorbed Ipjaat depends on many
variables, including the stage of plant growth, the cotmadon and balances of other
nutrients in the soil, the availability of soil watend climate conditions. Most crops

take up nitrate in greater amounts than ammonium.
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Table 2.1: Water and nutrient content of fresh leaves per 100 g @&wiss chard
(USDA SR20, 2007)

Nutrition Factor Content per measure
Macro components
Total lipids (Fat) (g) 0.28
Total carbohydrates (g) 3.74
Protein (g) 0.30
Calories (kcal) 19.0
Carbohydrates components
Dietary fiber (g) 3.70
Amino acids
Tryptophan (g) 0.02
Leucine (g) 0.13
Lysine (g) 0.10
Histidine (g) 0.04
Fats
Cholesterol (mg) 0.0
Fatty acids, total saturated 0.06
Fatty acids, total monounsaturated 0.08
Fatty acids, total polyunsaturated 0.14
Vitamins
Vit. A (IU) 6116
Vit. C (Ascorbic Acid) (mg) 30.0
Thiamin (mg) 0.04
Riboflavin (mg) 0.09
Folate total ((mcg) 14.0
Choline total (mg) 18.0
Betaine (mg) 0.30
Vitamin E (mg) 1.89
Vitamine K (mcg) 830.0
Niacin (mg) 0.40
Minerals
Calcium (mg) 51
Iron (mg) 1.8
Potassium (mg) 379
Magnesium (mg) 81
Sodium (mg) 213
Zinc (mg) 0.36
Phosphorous (mg) 46
Copper (mg) 0.179
Manganese (mg) 0.366
Selenium (mcg) 0.9
Other
Water (%) 92.66
Carotene, Beta (mcg) 3647

Nitrate, unlike ammonium, accumulates in plant tissubickv cause nitrogen to be

available in greater amounts than required for optimal trowVhile nitrate is easily
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leached from soils by percolating water, ammonium isnadly converted to nitrate in
the soil before the plant can use it (Bidw&B79; Makovic & Djurovka, 1990).

Nitrogen is necessary to produce a reliable and optimial gfequality vegetables. It is
however, the most difficult element to manage in lifation system in order to ensure
an adequate, yet not excessive amount of available nitreiti@in the rhizosphere from
planting to harvest (Peck, 1981). One key to efficientilifation is to avoid over-
fertilisation. A crop that is over-fertilised with roigen may be more susceptible to
diseases than those that are not, or may have alen@itate levels in vegetable tissues
(Everaarts, 1994). Elevated nitrate levels influencegtladity of vegetables in a variety
of ways. Other vegetable crops such as Brussel sprauésbeen found to taste even
more bitter when over-fertilised with nitroggmpducing undesirable, elongated sprouts.
Vitamin C levels in vegetables drop as nitrate levels asgeBesides the detrimental
effects of nitrogen over-fertilisation of crops alsuses water pollution through leaching
of nitrate (Babik, Rumpel & Elkner, 1996).

Nitrogen is no more important to plant survival than arifier essential element.
However, it is required in a much greater quantity thastrother nutrients, so cropping
practices often call for large applications of nitrogentiliser to maximise yields
(Splittstoesserl990).

2.2 NITROGEN FERTILISATION AND CROP GROWTH

There is general agreement that of all the improvementrrections that have been
made to soil the application of nitrogen fertiliser he greatest effect in terms of
increasing crop production. As the supply or availabilitgrowth factors such as water
and mineral nutrients increase, the growth rate and ymerease. Nitrogen is found to
be the most important growth limiting factor in numeroigddf experiments that have
been carried out in the past (Mengel & Kirby, 1987; Wie&létorst, 1992).

Healthy crop growth is one of the best preventions agaitstte leaching because a
healthy crop can grow fast and absorb nitrogen from thle sThe yield response to
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nitrogen fertilisation depends greatly on moisture. Impdomoisture conditions usually
translate into higher yields up to a point where otheitilng factors come into play.

Excess moisture can reduce yield due to leaching lossesratenias well as loss of
nitrates by conversion (denitrification) to gases thaagsdrom the soil. High levels of
available soil nitrogen early on in the growing seasonpramote excessive vegetative
growth and high water use (Wiesler & Horst, 1992).

2.2.1 Crop nutrition with special reference to nitrogen fetilisation

Plants use inorganic minerals for nutrition, whether growtine field or in a container.
Many different chemical elements are found in plamist only sixteen commonly
occurring have been found, of which some are esseriilad. essential mineral elements
may be classified as major elements or macro-nusrihwt are required in relatively
large amounts (Bidwell, 1979). Nitrogen, phosphorus and potassie the three major
nutrients of concern to producers. Nitrogen is usuatlye responsible for increasing the
growth of plants than any other element. It is a moment of proteins and is therefore

involved in regulating most processes that occur in plants.

Nitrogen deficiency causes poor growth, stunted plantsamgields (Mengel & Kirby,
1987; Splittstoesser, 1990). Because nitrogen is a compohehtooophyll, a yellow
colour beginning with the lower leaves, is a common sympbd nitrogen deficiency.
Nitrogen tends to promote vegetative growth relativebyarthan reproductive growth as
it is the key factor in vegetable growth and yield. Blajiven excess nitrogen tend to be
tall with weak stems and under certain conditions amsoyply of nitrogen can cause
lodging (Bidwell, 1979; Mengel & Kirby, 1987). Nitrogen is usuadlgficient in soils
when provided to plants as inorganic fertilisers, butlss @resent in the air although
plants cannot directly utilise it.

All vegetables have different requirements, especiaillly vegard to nitrogen application
(Goodlasst al., 1997). When plants are given a large amount of nitrégpgitiser, the

plants produce large amounts of vegetative growth. Leafgngr such as mustard,
cabbage and spinach are heavy users of nitrogen. BraccbBweet corn also require
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more nitrogen than some other vegetables. Thereforen dgafy vegetables are usually
fertilised with nitrogen to obtain high yields. Phosphaund potassium are important to
the proper development of roots and seeds. Legumes obitadgen from the
atmosphere and do not require heavy nitrogen fertilisatiexcessive nitrogen in some
plants may lead to luxury consumption and nitrate accumnla The consumption of
vegetables high in nitrate may be dangerous to consumith (éeira, Vasconcelos &
Monteiro, 1998), due to the possibility of methaemoglobinagnais well as the
conversion of nitrate into nitrite in saliva which is tight to lead to the formation of
carcinogenic nitrosamines in the intestinal tract (\&ket& Biston, 1978; Van Eysinga,
1984; Vogtmannet al., 1984; Santamariat al., 1999a; Turan & Sevimli, 2005;
Santamaria, 2006). Thus, nitrate in drinking water is censdl to contribute to an
increased cancer risk of the urinary tract, bladder andpbegus due to endogenous
nitrate reduction to nitrite (Goebell al., 2004; Anjana & Muhammad, 2006).

Proper nutrition is essential for satisfactory cropwgh and production. Efficient
application of the correct types and amounts of ieetit and time of application is
important in achieving profitable yields. Plants require g#ro in relatively large
guantities and in forms that are readily available. tMugsery producers use large
guantities of nitrogen fertilisers to meet the needtheir crops. However, a thorough
understanding of nitrogen fertiliser can be useful inmiging both the level and form of
nitrogen best suited for the plant species, stage of grawme of year and production
objectives (Marschner, 1986; Mengel & Kirby, 1987).

The quantitative nitrogen requirements of vegetable cropsistoof the amount of

nitrogen that will actually be taken up by the plant andgrdted into its biomass and a
qguantity of nitrogen that must nevertheless be presetfiei soil in order for the crop to
achieve its full potential yield. The addition of thesguisements provides the value of

overall plant nitrogen needs (Bidwell, 1979).
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2.2.2 Crop response to nitrogen fertilisation

Although crops usually respond to fertilisers, this is abtays the case. A crop’s
response to nitrogen depends on soil conditions, cropespecparticular, the amount of
nitrogen availabity in the soil and the amount of nitrogjest will become available
during the growing season or period (Mengel & Kirby, 1987). rEsponse is generally
poorer when the level of nitrogen available in soil is high an extended field trial
performed by Zebarth, Freyman & Kowalenko (1991), high &weélnitrogen have been
found to influence yields of cabbage. A positive yieldpogse when nitrogen was
increased to 500 kg N Havas observed. Peck (1981) also observed a yield incréase o
cabbage of about 4 kg™fresh mass, compared to cabbage plants where nitrogen wa
not applied.

Sorensen, Johansen & Poulsen (1994) reported an optimuhoYilarketable crisphead
lettuce at a level of 150 kg N haand a decrease in the incidence of tipburn with
increasing nitrogen fertiliser. From a nutritional pahview, crisphead lettuce grown at
low nitrogen levels and harvested at an early stagelie preferred due to a high content
of nutrients, especially vitamin C.

High nitrogen levels have often been found to influencemaph yields in cabbage.
Significantly higher yields of cabbage at high nitrogerelev200 kg N ha) were
reported than yields at lower levels (0, 50 and 100 kg N f@hantiet al., 1982; Gupta,
1987; Everaarts & De Moel, 1998; Parnsral., 1999). The increase in yield was
attributed to the fact that higher nitrogen levels reslilh larger leaf areas.

2.3 CROP NUTRIENT MANAGEMENT

Nutrients must be applied at levels necessary to eeh@alistic crop yields and timing
of nutrient application should also be improved. Agromoonop production technology

should be used to increase nutrient use efficiency (Maes¢ 1986).
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2.3.1 Nitrogen sources

The nitrogen forms which are readily taken up by plantsaanenonium (NH') and
nitrate (NQ). Nitrogen applications increase soil acidity and tlogeeit requires liming.
General nitrogen fertilisers are ammonia (82% N), ure&o (85, limestone ammonium
nitrate (28% N), urea ammonium nitrate (32% N), ammoniurfateuhitrate (27% N)
and ammonium nitrate (35% N) (FSSA, 2007).

Anhydrous ammonia is the slowest of all nitrogen fertiliggms to convert to nitrate.
Therefore, it would have the least chance of nitrogess ldue to leaching or
denitrification. It must be injected into the soil; #@re, it would have no loss due to
surface volatilisation. The disadvantage of anhydrous@ma is that it is hazardous to
handle. Urea converts rapidly to nitrate nitrogen, usuallgss than two weeks during
spring. Denitrification on wet or compacted soils canskerious. Leaching can be a
problem in coarse soils. In no-till situations, surfactatilisation can be a problem if the
urea is not placed in contact with the soil and the veeathdry for several days after
spreading (FSSA, 2007).

Limestone ammonium nitrate is not a homogenous salisbatmixture of limestone,
mainly dolomitic lime and ammonium nitrate. Urea amroaniitrate is usually made
up of urea and ammonium nitrate. The nitrate in both tpesducts is subjected to
leaching and denitrification occurs from the time it iageld in the field. Ammonium
sulfate nitrate is a nitrogen source with little orsooface volatilisation loss when applied
to most soils. Ammonium sulfate nitrate is also a gematce of sulphur when needed. It
is a physical mixture of ammonium sulphate and ammonidratei Its disadvantage is
that it is the most acidifying form of nitrogen feidédr requiring approximately 2 to 3
times as much lime to neutralise the same amountidityaas formed by other common
nitrogen carriers. Ammonium nitrate is another nitrogumrce but it quickly converts to
nitrate. For soils subjected to leaching or denitrifiggtammonium nitrate would not be
preferred or is not suitable for such soils. Ammoniumatgtrmay also not be used as a
fertiliser in South Africa because it is highly exgilee (FSSA, 2007).
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2.3.2 Method of application

For financial survival of the producer the efficient ande@ive management of a
fertiliser programme, including the application methodngportant. One important

factor to consider in the efficient use of fertilisessthe placement of the material in
relation to the plant. Factors to be consideredenplcement of fertilisers include crop
root characteristics, crop requirements at various grostdges, applied fertiliser

characteristics, moisture availability, the climateew fertiliser is to be applied and the
time of application. Fertilisers can be applied imesal ways. The most important point
to remember is to apply fertiliser at the proper leasl,over-application can result in
plant damage or death (Marschner, 1986; Grubinger, 1999; FSSA, 2007).

The fertiliser should be placed in the correct zonénsoil where it will serve the plant
to its best advantage. Fertilisers, therefore, shbalplaced in such a way that nutrients
are available to the plants at all times during its ghowkhe correct amount of nutrients
should also be made available to the developing croe-pBnt fertilisation is normally
accomplished by broadcast and incorporation over theeefigld or over the crop beds
and is best suited to large volumes of material not havitendency to leach, and on
soils with a significant shortage of nutrients. Folmdertilisers were applied broadcast
and ploughed into the soil. When phosphorus and potassieiapplied in this way they
are fixed by the soil and much of it is not availallglant roots. Recently, application
of plant nutrients in bands near the seed and plagtdeen practised (AVRDC, 1990;
FSSA, 2007).

Different placement methods can ensure that the ntitigeimmediately available to
rapidly growing plants; for example, banded below thed sak planting or applied
gradually over a lengthy growing period. Placement wilb addfect the degree of
interaction between the fertiliser and the soil, Whis particularly important where
nutrients can become unavailable due to reactions seilhminerals such as nitrogen
immobilisation. The following are methods used when applyangliser (Grubinger,
1999; FSSA, 2007):
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2.3.2.1 Band-placement versus broadcasting

Banding fertiliser refers to the application of fesgr at planting, thus, placing the
fertiliser to either one or both sides and below #edsat planting. Care should be taken
as placement too close to the seed or at too high & dawecause fertiliser burn and
inhibit germination. Broadcasting of fertilisers refdrs the uniform application of
fertilisers across the entire soil surface. This raydone before the field is ploughed,
immediately before planting, or while the crop is gnogvi Broadcasting is efficient and

often the method of choice in areas with perennialtpl@@rubinger, 1999; FSSA, 2007).

Comparison of these two application methods as far pgdication levels and the
corresponding yields are concerned, is determined by thigydevel of the soil. Band
placement of fertiliser is usually more effectivanhbroadcasting in soils with low soil
fertility and low application levels. As applicatitevels increase there is a point where
yields will actually begin to decrease in the case of ffadement and the efficiency of
broadcast application will exceed that of band-placegnadile the yield still increases.
In high fertility soils there are much smaller diface between these two application
methods at low fertilisation levels (FSSA, 2007).

2.3.2.2 Sde-dressing or top-dressing

Side-dressing is the post-emergence application of fertditongside the crop row or to
closely-spaced crops. This assists in supplying nitrogen @adily available form to
growing plants (FSSA, 2007).

2.3.2.3 Fertigation

Fertigation is the application of soluble fertiliséwdugh an irrigation system. This
method is relatively new in South Africa and will atfebe accessibility of applied
nutrients (Grubinger, 1999). Application of chemicals througgation should be safe
for field use, should not reduce yield and should be solahte compatible (FSSA,
2007).
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2.3.2.4 Foliar application

Foliar application refers to the spraying of leavesgodwing plants with fertiliser
solutions. The foliar application of mineral nutriebtsmeans of sprays offers a method
of supplying nutrients to plants more rapidly than methagslving root application.
This method can be an effective remedy for a crop soffdrom a nutrient deficiency.
These solutions may be prepared in a low concentratisagply any one plant with a
nutrient or a combination of nutrients. Foliar ferélis are diluted solutions applied
directly to leaves and should not be relied upon to sugelyotal nitrogen, phosphorus,
and potassium needs of plants. Foliars can be usedpyement soil applications of
these nutrients (Marschner, 1986; Archer, 1988; Grubinger, 1999). mdket efficient
way to apply nitrogen is by soil application. Foliar aggtion of nitrogen should be

viewed as a temporary or emergency solution only (FSSA, 2007).

2.3.3 Frequency/ Timing of application

Crop, soil and nutrient type influence the time of fisdtion. The development pattern
of vegetable crops differs therefore nutrient needs vaRainfall and temperature

influences the availability of nutrients to plantrir the time they are applied, to when
they are used by the plant. Generally, vegetableiers| are applied before planting, at
planting or during the entire growth season as side pidtessings (Cooke, 1982;

AVRDC, 1990; FSSA, 2007).

Fertiliser should be applied when plants need it, whenllibe most effective, and when
plants can readily take it up. The best way to ensuase ddded nutrients are used
efficiently by plants and to reduce the risk of nutri@ssito the environment is to match
nutrient availability to plant demand over time. Anngabps, perennial crops and
pastures all have different patterns of nutrient demaed time, and respond differently
according to soil moisture status and temperature. Thes®'s should be considered in
planning fertiliser applications (Archer, 1988; AVRDC, 1990).

PDF Created with deskPDF PDF Writer - Trial :: http://www.docudesk.com



14

Mobile nutrients such as nitrogen or potassium are mosttefly used when split

application are applied frequently during crop growth. Thiasually preferable to one
large application. However, crops may have short peoddery high nutrient demand

and so a larger application will be required just prthat period. Fertigation systems
(adding nutrients in irrigation water) provide flexibilitg applying nutrients to meet
plant demand but regular top-dressing or side-dressing tlistar can have similar

effects, provided that there is sufficient moisture tovenutrients into the soil (AVRDC,

1990; FSSA, 2007).

2.3.4 Nitrogen loss control

Many intensive systems of field vegetable production atesostainable because they
lose excessive amounts of nitrogen to the environment.e$%es in the nitrogen cycle of
agricultural systems include assimilation, mineralisdtmomobilisation, nitrification,
denitrification, ammonia volatilisation, nitrate leachimgnoff and erosion. Emission of
nitrogen from agriculture may affect the quality of thenasphere, ground and surface
waters. In field vegetable production, nitrate leachindpésdominant process affecting
the environment. Often, large amounts of nitrogen, inodiesidual soil mineral
nitrogen and the nitrogen present in crop residues, reméne igoil after harvesting the
crop. Both sources of nitrogen may affect groundwaterntguarough nitrate leaching
(Nielsen, 2006). Timing of application should take thesksrinto account (Mengel &
Kirby, 1987). The nitrogen source a farmer chooses shoyldndeon how serious a
problem he has with the mentioned nitrogen losses. ®bke af nitrogen is another

consideration when choosing a fertiliser source.

2.3.4.1 Denitrification

Denitrification occurs when nitrate (NQ is present in a soil and there is not enough
oxygen present to supply the needs of bacteria and migestisms in the soil. Nitrogen
losses by denitrification may be higher with N@han with NH. If oxygen levels are
low, bacteria and micro-organisms strip the oxygen froannitrate and the end result is
the production of nitrogen gas, which volatilises fromgb& The three conditions that
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create an environment that promotes denitrification aré (Mmeaterlogged) soils,
compaction and warm temperatures (>20°C) (Nielsen, 2006). wetdr, if the
waterlogging is only temporary, the denitrification pracesll stop when the soil dries
(Baker & Mills, 1980).

2.3.4.2 Leaching

Nitrate is very mobile in the soil. For this reasorsisusceptible to leaching down the
soil profile with excessive rain or irrigation water anl slready at field capacity. Being
an easily leached substance that is widely used @sér it can cause water pollution if
improperly managed (Marschner, 1986). Leaching losses of nmitroggur when soils
have more incoming water (rain or irrigation) than thd csan hold. As water moves
through the soil, nitrates in the soil solution are pickg and moved with the water.
Ammonium forms of nitrogen have a positive charge andchal@ by the negative sites
on the clay in the soil; therefore, ammonium formsitfogen leach very little. In sands
where there is very little clay, ammonium forms of rgen do leach. Relatively coarse
soils such as sands are the only ones in which significaohilgg of nitrogen appears
important (Mengel & Kirby, 1987; Nielsen, 2006). One wayninimise nitrogen
leaching and denitrification is to minimise the time nitnoge in the soil before plant
uptake.

2.3.4.3 Volatilisation

Volatilisation of nitrogen happens when urea forms of girobreak down and form
ammonia gases and where there is little soil watabsorb them. This condition occurs
when urea forms of nitrogen are placed in the field btiimdirect contact with the soil.
This situation can occur when urea is spread on plarduesi The level of surface
volatilisation depends on the moisture level, temperancesurface pH of the soil. If
the soil surface is moist, water evaporates intcathe Ammonia released from the urea
is picked up in the water vapour and lost. On dry soil sasfaless urea is lost.
Applying urea fertilisers when weather is cooler also sla@wn nitrogen loss. If the
surface of the soil has been limed within the past thmeeths with two tons or more of
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lime per hectare, urea-based fertilisers should m®tapplied unless they can be
incorporated into the soil (Baker & Mills, 1980; Mengel &by, 1987; Nielsen, 2006).
To stop ammonia volatilisation from urea, the urea khba tied up by the soil. Enough
rain water is important to wash the urea from the&ltesin the soil, or the farmer should
place the urea-based fertiliser in direct contadh wdil by tillage, banding or dribbling.

2.3.4.4 Immobilisation

Immobilisation is the fourth nitrogen loss mechanismitoisttemporary in nature. When
nitrogen fertiliser is applied to soil, some of the rg&n is taken up by micro-organisms
in the soil, in a and the process known as immobilisati@he immobilised nitrogen is
incorporated into proteins, nucleic acids, and other orgamiogen constituents of
microbial cells. As such, it becomes part of the bigsraf the plant (Mulvaney, Azam &
Simmons, 1993). As the microbes die and decay, someecfbibmass nitrogen” is
released as ammonium through the process of minerafisatiod the remainder
undergoes conversion to more stable organic nitrogen compaundstely becoming
part of soil organic matter.

2.3.4 Nitrogen balance

Agriculture is a major contributor to nitrate contamioatof groundwater. Therefore,
farmers are asked to reduce the impact of nitrogen orenkigonment. Crops may
increase yields but decrease nitrogen use efficiency winersupply of nitrogen is
increased. If it has not been volatilised or denitlifiaitrogen not utilised by the crop
can accumulate in the soil and, in consequence, ireseth®e risk of leaching with
corresponding environmental consequences. Nitrogen balgnideogen fertilisation
minus nitrogen uptake by the harvest products) at field scatelarger areas are often
used to estimate the leaching risk. However, there shnewidence that, in the short
term, the link between fertiliser use (except excesameunts) and nitrate in water is not
very direct. A nutrient surplus in itself may not hdfisient to quantitatively determine
the amount of nutrient lost via various pathways, bexaighe interaction with other
environmental parameters. On the other hand, nitrogendaslacan give an indication
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of the risks that are associated with specific farmirectes, especially in the wider
environment and if integrated over a relatively long per&idlihg & Kage, 2006).

2.4 PRODUCE QUALITY

Due to the low energy content and high dietary fibégmins and minerals an increased
intake of vegetable food products are recommended to imgroman health. However,
concerns about how different growing conditions influgmaeduct quality, especially the

content of nitrate and vitamins, are still present.

The consumer demand for high nutritive quality may conflith the growers wish for
high marketable quality. Nitrogen fertiliser is one af thost important growth factors
influencing yield and the chemical composition of vegeglas it has been identified as
the major factor that influences the nitrate contenteigetables. Excessive amounts of
nitrogenous fertiliser are applied to crops, as it isasarable insurance against yield
losses and their economic consequences (Huang, 2002).rtiddess, when nitrogen
input exceeds the demand, plants are no longer able tabalbsand subsequently
nitrogen starts to build up in the soil mostly as nitrafénis will cause imbalances of
nutrients in the soil and increase the nitrate levebround water supplies, which
influences the nitrate content of plants, especiaif§fiyl vegetables. There is conflicting
evidence regarding the potential long-term health rigso@ated with nitrate levels
encountered in the human diet. Therefore, high nitmateimulation in vegetables is a
concern because it presents health hazards for hur@Gais & Vityakon, 1983; 1986;
Laironet al., 1984; Sorensest al., 1994).

Factors responsible for nitrate accumulation in plante a@ainly nutritional,
environmental and physiological. Nitrogen fertilisatisnfound to be the major factor
that influences the nitrate content in vegetables. Appate strategies should be adopted
and the role of individual physiological factors shoud& determined to limit
accumulation of nitrate in vegetables and the use obgsatr fertiliser should be
optimised (Blom-Zanstra,1989).
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Literature indicates that, for successful vegetabléeycton nitrogen fertiliser is required
and needs to be applied in order to increase the growltigiald of vegetable plants. The
balance between application levels, yield and qualiyhtherefore be determined.
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CHAPTER 3

MATERIAL AND METHODS

3.1 GENERAL

Two pot trials were conducted in glasshouses of the Depattof Soil, Crop and

Climate Sciences at the University of the Free Stl@gemfontein in 2005 and 2006.
Soil analysis was done at the laboratory of the Bta¢e Department of Agriculture at
Glen while the leaf analysis was done in the labokeg®f the Departments of Solil, Crop
and Climate Sciences and the Institute for Groundwdteti€s at the University of the

Free State in Bloemfontein.

3.2 SOIL COLLECTION AND PREPARATION

Topsoil of the fine sandy loam Bainsvlei form (Soil Gifisation Working Group, 1991)
was used in these pot trials. Soil was dried at room textyer sieved through a 5 mm
screen and mixed manually several times and stored negdled. Enough soil was
collected for both pot trials and analysed for nutrietiiceicies. The fertility status of
the soil was in general, excellent, according to lagatlelines (FSSA, 2007). Some

physical and chemical properties of the soil are indatat Table 3.1.

Phosphorus (9 kg P fipand potassium (30 kg K g fertiliser were applied before
planting according to the withdrawal amounts and an egpeyield of 20 ton ha
Phosphoric acid and potassium chloride were used as sourgasosphorous and

potassium, respectively.
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Table 3.1: Physical and chemical properties of the topsoil ugen both pot trials

Property*

Particles size distribution (%)

Sand (0.02-2 mm) 84
Clay and Silt (<0.002-0.02) 16
PH (e 5.6
EC (mS mi) 41
Nutrients (mg kg™
P (Olsen) 38.0
Ca (NHOA() 480.1
Mg (NH,0A() 93.3
K (NH4OA() 206.3
Na (NH,0A() 63.3
Zn (HCl) 18.7

*Determined with standard procedure (The Non-Affiliated Soil Analysis Working Committee, 1990)

3.3 EXPERIMENTAL DESIGN AND TREATMENTS

A randomised complete block design was used for bothriptd tonducted in this study.
The treatments however differed between the trialsagneement with the study’s
objectives.

In the first pot trial the response of two Swiss chautlivars to nitrogen levels and
nitrogen application times was investigated and was conduc2@d5. A total of forty

treatment combinations were applied for the trial, inclgdiwo cultivars, five nitrogen
levels and four nitrogen application times (Table 3.2)l ti&latment combinations were

replicated four times.

The two Swiss chard cultivars selected for the trialew€ordhook Giant’ and ‘Rhubarb’
(Table 3.2). ‘Fordhook Giant’ reaches maturity in appr@tety 45 to 55 days. It has
large dark green slightly crumpled leaves with broad glogsyand its petiole is broad
and white. ‘Rhubarb’ reaches maturity in 50 to 60 daysigadcultivar with dark green
leaves which are slightly crinkled. The leaf petiolel areins are bright red and the
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petiole is slightly flattened.

Table 3.2: Summary of the treatments applied in 2005 to invegiate the response of
Swiss chard to nitrogen levels and application times

Cultivar
C, Fordhook Giant
C, Rhubarb
Nitrogen levels (NHNO3)
(kg ha')
No 0
N, 100
N, 200
Ns 300
Ny 400

Application times

T, Once every ?'week (11 times)
T, Once every %week (5 times)
Ts Once every 8 week (4 times)
T, Once every 8 week (3 times)

In the second pot trial the response of Swiss chardrmgen sources and nitrogen levels
was investigated in 2006 (Table 3.3). The pot trial involved $wess chard cultivar
(‘Fordhook Giant’), six nitrogen sources and nine nitrogarels. A total of fifty-six
treatment combinations were applied and each combinatismegéicated four times.

For each treatment combination 4 L pots were fillechwgibil. Before transplanting the
Swiss chard seedlings in June the soil was watered ltbdapacity. Three seedlings
were planted per pot. Two weeks after planting the segdivere thinned to one plant
per pot. Pots were kept at field capacity using a drigation system with a capacity of
4 L h*. The pots were, manually kept free from weeds duringrtineth season.
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Table 3.3: Summary of the treatments applied in 2006 to invegiate the response of
Swiss chard to different nitrogen sources and nitrogen lele

Nitrogen levels (kg ha)

No 0

N 100
N, 200
N3 300
N4 400
Ns 500
Ns 600
N- 700
Ns 800

Nitrogen sources

Ammonium nitrate
Calcium nitrate
Potassium nitrate
Ammonium sulphate
Urea ammonium nitrate

RO L U LD

Urea

Fertilisation treatments were carried out by applyingaygropriate amounts of nitrogen
in solution to the pots. The relevant nutrient soluticas poured evenly on the soil
surface of each pot whereafter the pots were irrigammonium nitrate was used as
source of nitrogen in the first pot trial, while in the aaat pot trial different nitrogen

sources were used as indicated in Table 3.3. In thepbtstrial the required nitrogen
was applied at different times during the growth seasomdicated in Table 3.2, but for
the second pot trial nitrogen was applied every secarekwll applications), starting
with planting and then up to 18 weeks after planting.

In order to simulate the natural conditions in which Swvchard plants grow, the

glasshouse temperatures were kept at 22°C (x 1°C) durindayeand 15°C (x1°C)
during the night.
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3.4 COLLECTION OF DATA
3.4.1 Growth parameters
Number of leaves

For the first pot trial (2005) the number of leaves pertplaas counted once every two
weeks from week 2 to 6 after planting. Only leaves thatewully developed were
considered for counting.

3.4.2 Yield and quality parameters
Number of leaves harvested

Leaves were harvested once every 4 weeks from 9 up tee@ksvafter planting in the
first pot trial (2005) and once every 3 or 4 weeks from 8 Wiltweeks after planting in

the second pot trial (2006). All leaves longer than 15 cne Warvested and counted.

Leaf area

Leaf area (crleaf') of all harvested leaves was measured using a LiCodtiedn leaf
area meter (model LI 3100). This was done every fourttkvireen 9 up to 21 weeks
after planting in 2005 and in 2006 every third or fourth weekfBoup to 21 weeks after
planting.

Leaf fresh and dry mass

At harvest the leaf fresh mass (g) with attached [getiwwas measured. The leaf blades
were kept in brown paper bags and dried in an oven at 60°Cdays. After drying, the
leaf blades were weighed to determine the dry mass. widssdone for both pot trials
(2005 and 2006).
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Leaf nitrogen status

For the first pot trial the harvested dried leaves wailked and the nitrogen content
analysed using standard procedures. Steam distillationusad to determine the

nitrogen after digestion of the samples with sulphacid (Agrilasa, 2002).

Leaf nitrate status

For the second trial the dried leaves were milled amalysed for nitrate. Nitrate was
extracted from the leaves by using the hot water extractiethod where a sample of
0.2 g ground plant material was shaken in 50 ml hot water fori@dpef 3 hours (Goh &
Vityakon, 1986). Nitrate content was determined by ion mlatography which is a
standard method for the examination of water and wasezwEatoret al., 2005). The
Dionex system was used in the laboratory with AG-14 gsaad column and AS-14 as

the analytical column and conductivity was determined and aseletector.

3.5 STATISTICAL ANALYSIS

An analysis of variance was done on all measured p&easnéo determine the
significance of differences between means of treatsnasing the NCSS 2000 statistical
program (Hintze, 1999) and Turkey'’s test for the LSD.05.
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CHAPTER 4

NITROGEN FERTILISATION AFFECTING SWISS CHARD
PRODUCTION

4.1 INTRODUCTION

Swiss chard is one of the most neglected vegetablBsuth Africa and the area under
Swiss chard production in South Africa is not commergiatiportant. This vegetable
offers an important increase in the current vegetadderament and it can also play an
important role in human diet, especially in poorer oamities, which makes it
worthwhile to investigate. Swiss chard is often referto as greens or leafy vegetables
and is known to have a high demand for fertiliser (Pok&daiben, 2002).

Appropriate production practices may increase the groweharad yield of crops and one
of these production factors is fertilisation. The infloe of fertilisation on the growth
and yield of vegetables is of great importance. Fentliaee used extensively to produce
high yields and its usage has increased over the yeahs §G&btyakon, 1983). Along
with increased fertiliser applications there is a needetermine the optimum application
rates for different vegetables (Kanstél., 1981; Goh & Vityakon, 1983).

Nitrogen is one of the important plant nutrients andeguired in rather large amounts
compared to other essential nutrients and plants espdeafy vegetables, e.g. cabbage,
respond quickly to nitrogen fertiliser. Nitrogen is &sential component of chlorophyll,
proteins and enzymes. It stimulates root and vegetatoxstlyy as well as the intake of
other essential nutrients (Bidwell, 1979; Kaneghl., 1981; Goh & Vityakon,1983).
Adequate application of nitrogen fertiliser promotes vegetagrowth and green colour
of leafy vegetables which, again, is of great importaincgield and quality (Ware &
McCollum, 1980; Peck, 1981; Splittstoesser, 1990; Hadfield, 1995).
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Growers often tend to apply large amounts of nitrogetili$er to obtain high yields of
good quality (Neeteson, 1997). From an economic perspebisveny be sound but not
from an environmental perspective. A considerable podiahe applied nitrogen may
remain in the soil after harvest. This nitrogen include&lual soil mineral nitrogen and
nitrogen present in crop residue (Neeteson, 1997). Bothesé thitrogen sources may
have a harmful effect on the environment. The qualityhe ground water may be
negatively affected through leaching, as well as air qudhtpugh nitrous oxide
emission (Huang, 2002). According to Huang (2002) agriculturabtisdemical and
organic nitrogen fertiliser is a major contributor ohAmoint source pollutants leading to
a variety of water quality problems in the US.

It is important for growers to adopt the best nitrogemagament plan to reduce the
negative impact of agricultural production on the environmghiang, 2002). For
sustainable vegetable production, improved efficiency obgén management may be
possible if the correct nitrogen levels are applied attime of maximum crop need
(Neeteson, 1997; Sawyer, 2001; Huang, 2002). This would alsa a@xwessive
application of nitrogen and reduce the amount of residuabgah lost to the
environment. Nitrogen deficient plants are identifiedployr growth and poor colour.
Excessive nitrogen generally leads to excessive vegetgtiowth (Bidwell, 1979).
Over-fertilisation with nitrogen results in lower e and a poor quality vegetable, such
as in Swiss chard and carrots. The response of vegetaldégetent nitrogen rates is
well documented. Nitrogen optimises the yield of bodicccauliflower (Dufault &
Waters, 1985), Chinese vegetables (Hill, 1990), lettuce (GardeRew, 1972), spinach
(Briemer, 1982) and Swiss chard (Goh & Vityaka&f86).

Nitrogen applied before planting is more vulnerable &sds than when applied during
the growing season (Huang, 2002). Therefore, the earlyicapph of nitrogen,
especially in the nitrate form, should be avoided (Saw3@0d1). Split applications or a
single application of nitrogen fertiliser during the grogviseason can match the crop’s
nitrogen needs without a reduction in yield. This may Hee Ieast costly practice for
nitrogen fertiliser application (Huang, 2002). Welch, TyeRirie (1985) reported that
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split application of nitrogen was more efficient thansingle application for celery,
cauliflower and cabbage as the yield increase was signtty higher, especially in areas
where leaching of nutrients was high. However, Cleavat. (1971) reported that top-
dressing was not important for cabbage, provided sufficignbgen was applied at
planting. The practical and economic implicationspiit @pplication should always be
kept in mind. Unfavourable weather conditions during the graetdmson can stop the
grower from entering the field to apply nitrogen fertilisend the lack of nitrogen can

again reduce crop yield and cause loss of income for thveegr

Based on this background, an experiment was conducted inasghglise to determine
the response of two Swiss chard cultivars to diffecembbinations of nitrogen levels and
different application times.

4.2 RESULTS AND DISCUSSION

4.21 Number of leaves

A summary of the analyses of variance that was dowketermine the effects of different
nitrogen levels and application times on the numbeea¥ds of ‘Fordhook Giant’ and
‘Rhubarb’ plants from 2 up to 6 weeks after plantingiveg in Table 4.1.

Table 4.1: Summary of the analyses of variances showing thegraficant effects of
nitrogen levels and nitrogen application times on the numbyeof leaves of
‘Fordhook Giant’ and ‘Rhubarb’ plants from 2 up to 6 weeks dter

planting
Weeks after| Cultivar | Nitrogen level aggﬁggﬁgn CxNL | NLxNA | CxNA
planting | (C) (NL) time (NA)
2 ns * * ns ns ns
4 ns * * ns ns ns
6 ns * * ns * ns
LSD (r<0.0s)

ns = no significant differences
* = significant differences
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Inspection of this table showed that neither the intenabdetween cultivar and nitrogen
levels nor cultivar and nitrogen application times digantly influenced the number of
leaves for Swiss chard plants. There was also gwifisiant difference between the
number of leaves counted for ‘Fordhook Giant’ and ‘Rhubalnits.

The interaction between nitrogen levels and nitrogen agiic times influenced
significantly the number of leaves counted only at 6 wedles planting (Table 4.2). At
all four nitrogen application times the number of leaveseased significantly with an
increase in nitrogen levels. It was only with thetfBatment where the number of leaves
did not increase when the nitrogen level increased fromt@@MO kg N ha. The
number of leaves increased significantly from 2.3 at 0 Kegi\to 5.6 at 400 kg N ha
with the T, treatment. The same tendency was observed forithe @nd T; treatments
(Table 4.2).

Table 4.2: Effect of nitrogen levels and application times othe number of leaves
counted of Swiss chard plants 6 weeks after planting

Nitrogen levels (NL) Nitrogen application times (NA)
kg ha T T2 Ts T4
0 2.0 2.3 2.1 2.3
50 2.6 3.0 2.9 3.3
100 3.4 3.8 4.0 4.0
200 4.3 4.4 4.5 4.5
400 4.8 4.6 4.5 5.6
LSDir<009 NL X NA 0.2
% Nitrogen received of the total required 27.3 40 25 33.3
e[ ; : :

Although not always significant the number of leaves tedifor Swiss chard plants that
received low nitrogen levels (0, 50, 100 and 200 kg N ks higeher in the,J Ts and
T, treatments than with the;Ttreatment (Table 4.2). The reason for this may be
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attributed to the fact that the, Treated plants received only 27.3% of the total required
nitrogen, with the last application 4 weeks after planticompared to thesTand T,
treated plants that received 25 and 33.3% respectively akthered nitrogen already
with planting. The Ttreated plants received their last nitrogen applicatioredks after
planting but at that stage these plants received 40%eaktiuired nitrogen compared to
the 27.3% of the Ttreated plants.

However, where a high nitrogen level (400 kg N)haas applied the number of leaves
counted for the Tand T, treatments were significantly more than for theahd &
treatments (Table 4.2). At this stage thetfieated plants received 33.3% (all with
planting) and the 1 treated plants 27.3% of the required nitrogen (last nitrogen
application 4 weeks after planting) compared to thérdated plants that received 25%
(all with planting) and the Jtreated plants 40% (last nitrogen application 4 weeks after
planting) of the required nitrogen. The reason for thesnpmenon was not clear.

As shown in Table 4.3 the number of leaves counted isedeaignificantly with
increasing levels of nitrogen for all three countingetsm Significantly, more leaves were
counted where 400 kg N havas applied than in all the other nitrogen treatmengs al
three counting times. The number of leaves increasedisantly from 2.16 where no
nitrogen was applied to 4.91 where 400 kg N has applied at 6 weeks after planting.
This was also true for week 2 and 4 after planting.

Table 4.3: Effect of nitrogen levels on the number of fullexpanded leaves of Swiss
chard plants from week 2 up to week 6 after planting

Nitrogen levels (NL)
WSiﬁr?ger (kg ha'") LSDir<o05NL
0 50 100 200 400
2 0.25 0.97 1.81 2.40 2.75 0.09
4 1.22 1.97 2.81 3.43 3.75 0.09
6 2.16 2.94 3.78 4.40 491 0.08
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Nitrogen application times significantly influenced the f@mof leaves counted from 2
to 6 weeks after planting as shown in Table 4.4. The nuwb&raves counted was
significantly more for the Jtreatment than for the,;TT, and T; treatments at all three
counting times. During week 4 and 6 after planting the numbleaves counted for the

T, and T treatments was also significantly more than the&datment.

Table 4.4: Effect of nitrogen application times on the numbeof fully expanded
leaves of Swiss chard plants from week 2 up to week 6 aftglanting

Weeks Nitrogen application times (NA)
after LSDr<005NA
planting Lkt LE: Ts T4
2 1.53 (9.09)*| 1.58 (20) 1.6 (25) 1.85 (33.3) 0.08
4 250 (18.18)| 2.58 (20) 2.63 (25) 2.85 (33B) 0.07
6 3.40 (27.27)| 3.60 (40) 3.60 (25) 3.95 (33B) 0.07

*Values in brackets indicate the % nitrogen the plats received of the total nitrogen required.

At six weeks after planting, the number of leaves cediior the T (33.3%) treatment
was still significantly more than the, 740%) treatment. This may be attributed to the
fact that the Ttreated plants received 20% of the 40% nitrogen only two weekse
counting the leaves compared to thetfeated plants that received 33.3% nitrogen

already with planting.

From these results it is clear that nitrogen levelsl aitrogen application times
significantly influenced the early growth (first 6 weekltea planting) of Swiss chard.
The application of nitrogen promoted early growth of Swakard plants when leaf
number serves as index, irrespective of cultivar or nitvaggplication time. Biemond,
Vos & Struik (1995) also reported that larger available amoaohtstrogen led to an
earlier start of sprout growth in Brussel sprouts. sSwhard plants formed significantly
more leaves where 400 kg N*hevas applied. Results obtained by Khuzwayo (2004) on
cabbage plants also showed that nitrogen fertiliser aseit the number of cabbage
leaves during the first 54 days after sowing compared tdspthat did not receive any

nitrogen.
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Nitrogen application time also influenced the early groof Swiss chard plants. Swiss
chard plants responded better to nitrogen applicatiorisatéee split into either 4 or 3
applications (% and T;) than where nitrogen was split into 11 applicationg.(TThe
implication of this is that a higher percentage ofridxguired nitrogen was applied with
planting namely; 25% and 33.3% for theahd T, treatments respectively, compared to
9.09% for the Ttreatment. More nitrogen is therefore available farlyegrowth of
Swiss chard plants with theg@nd T; application times.

4.2.2 Number of leaves harvested

A summary of the analyses of variance that was dowketermine the effects of different
nitrogen levels and application times on the numberaMds harvested every four weeks
of ‘Fordhook Giant’ and ‘Rhubarb’ plants from 9 up to 21 keeafter planting is given
in Table 4.5.

Table 4.5: Summary of the analyses of variances showing thigraficant effects of
nitrogen levels and nitrogen application times on the numbeof leaves
harvested per plant every four weeks of ‘Fordhook Giant’ and
‘Rhubarb’ plants from 9 up to 21 weeks after planting

Weeks after Cultivar | Nitrogen level Nitrogen
) application | Cx NL | NLxNA | CxNA
planting © (NL) time (NA)
9 * * ns ns ns ns
13 * * ns * ns ns
17 ns * * ns ns ns
21 * * * ns * ns
Total number of leaves
harvested plant* * * ns * ns ns
LSD (r<0.05)

ns = no significant differences
* = significant differences

As shown in Table 4.5, the interaction between cultasad nitrogen application times
was not significant at all four harvesting times. Timraction between cultivar and
nitrogen levels significantly influenced the number @&fvies harvested per plant at 13

weeks after planting. Although not always significahe number of leaves harvested
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per plant increased with increasing nitrogen levels foh lottivars (Table 4.6). The
number of leaves harvested for ‘Fordhook Giant’ increasedificantly from 0.13 at
0 kg N h& to 1.81 and 3.19 at 200 and 400 kg N'haespectively. ‘Rhubarb’ showed
the same tendency where leaves harvested increasedcsigtiyfiifrom 0.19 at O kg N ha
' to 1.44, 2.75 and 4.13 at 100, 200 and 400 kg N haspectively. Although not
significant, the number of leaves harvested per ‘Rhibplant was more than for
‘Fordhook Giant’ at all the nitrogen levels except wHsbekg N hd was applied.

Table 4.6: Effect of nitrogen levels on the number of leavdsarvested per plant of
‘Fordhook Giant’ and ‘Rhubarb’ plants 13 weeks after planting

Nitrogen levels (NL) Cultivar (C)
(kg ha') Fordhook Giant Rhubarb

0 0.13 0.19
50 0.63 0.44
100 0.81 1.44
200 1.81 2.75
400 3.19 4.13

LSDren0s,C X NL 1.04

The number of leaves harvested per Swiss chard plamttihe T, and T; treated plants
that received 400 kg N Havas significantly higher than in all the other treattaeat 21
weeks after planting (Table 4.7). At 21 weeks after plgraihthe plants had received
all (100%) the required nitrogen. The phenomenon thafTthend T treated plants
yielded significantly more leaves than the other treatat this late growth stage, may
be attributed to the fact that these plants recetflied last nitrogen application shortly
before harvesting. The;Treated plants received their last two nitrogen applinafi@8
and 20 weeks after planting (9.09% per application); theehted plants 18 weeks after
planting (25% per application) and the dnd T, treated plants 16 weeks after planting
(40% and 33.3% per application, respectively). These semudicate that not only high
nitrogen levels but nitrogen applied late during the growHdsme (week 18 and 20)
significantly influenced the number of leaves harvestedbiviss chard plants in the late
stages of harvesting (21 weeks after planting).
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Table 4.7: Effect of nitrogen levels and application times othe number of leaves
harvested per plant of Swiss chard plants 21 weeks aftetgmting

Nitrogen levels (NL) Nitrogen application times (NA)
(kg ha’) T T, Ts T,
0 0.13 0.13 0.80 0.00
50 0.38 0.00 0.13 0.00
100 0.13 0.25 0.25 0.50
200 0.38 0.25 1.38 0.25
400 4.13 1.88 2.25 1.38
LSDr005NL X NA 1.89
% Nitrogen received per application 9.09 20 25 33.3
e [ | w |

The number of leaves harvested for ‘Rhubarb’ was sigmflg higher than for
‘Fordhook Giant’ from 9 up to 21 weeks after planting, excefdf7aveeks after planting
(Table 4.8). At 9 weeks after planting 4.96 leaves were hddrom ‘Fordhook Giant’
plants compared to 6.56 from ‘Rhubarb’ plants.

Table 4.8: Number of leaves harvested per plant of ‘Fordhook i@nt’ and
‘Rhubarb’ from 9 up to 21 weeks after planting

Weeks after Cultivar (C)
. LSD(Ts 0.05)C
Planting Fordhook Giant Rhubarb
9 4.96 6.56 0.62
13 1.31 1.79 0.29
17 1.04 1.23 ns
21 0.44 0.94 0.33

Inspection of Table 4.9 reveals that the number of edavested from 9 up to 21
weeks after planting increased with increasing levelsitobgen. Significantly higher
leaves were harvested at 400 kg N kaan at 0 and 50 kg N haver all the harvesting

times. At 9 weeks after planting the number of Swissatheaves harvested increased
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from 3.66 at 0 kg N Hato 8.31 at 400 kg N Ha Leaves harvested 9 and 13 weeks after
planting were also significantly more at 100 and 200 kg Ntan at 0 kg N Ha
Nitrogen applied at 200 kg N Hha7 weeks after planting also significantly increased the
number of leaves harvested per plant compared to 0, 50 arkd) N0

Table 4.9: Effect of nitrogen levels on the number of leavdsarvested per plant of
Swiss chard plants from 9 up to 21 weeks after planting

Nitrogen levels (NL)
iroeioid (kg ha) LSDur<aosNL
0 50 100 200 400
9 3.66 4.47 5.69 6.69 8.31 1.37
13 0.16 0.53 1.13 2.28 3.66 0.63
17 0.06 0.53 0.84 1.78 2.44 0.80
21 0.06 0.13 0.28 0.56 241 0.72

Nitrogen application time did not influence the numbereafves harvested per plant
during the early weeks of harvesting (9 and 13 weeks aftating) as shown in
Table 4.10. At 17 weeks after planting the number of da@vested from the,; T T,

and T, treated plants was significantly more than thosevdsded from the Ftreated
plants. At this stage thes@nd T,treated plants received all (100%) the required nitrogen
whereas the fand T; plants received only 72.72 and 75% of the required nitrogen
respectively. The Jplants received their last application already 12 wedies planting
whereas the other treatments received their lastcappin four weeks later (16 weeks

after planting) which may explain the reason for thfence in leaf numbers harvested.
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Table 4.10: Effect of nitrogen application times on the numbeof leaves harvested of
Swiss chard plants from 9 up to 21 weeks after planting

Weeks Nitrogen application times (NA) LSDrr<o0s)
after N A
planting Ty T2 Ts T4

9 5.8 (8)* [36.36}* | 6.0 (8) [40] |58 (6) [50] |5.8 (8) [33.33]|] ns
13 |18 (12) [63.63] |1.6 (12) [80] | 1.5 (12) [75] | 1.3 (8) [66.66]| ns
17 |14 (16) [72.72] | 1.3 (16) [100]| 0.5 (12) [75] | 1.3 (16) [100] 0.7
21 | 1.0 (20) [100] 0.5 (16) [100]| 0.8 (18) [100] | 0.4 (16) [100] 0.6

*Values in () brackets indicate the last applicatn time of nitrogen (weeks after planting)

**Value in [ ] brackets indicate the % nitrogen the plants received of the total nitrogen required

Twenty-one weeks after planting all plants had receM@@P of the required nitrogen
and the number of leaves harvested for th&éated plants was still significantly more
than the T plants. The Ttreated plants received their last nitrogen 20 weeks after
planting compared to the,Treated plants that received their last applicatiorw&éks
after planting. Although not significantly more leavesravharvested for the; &nd T;
treated plants than the andT, treated plants, both the, @and T, treated plants received
their last nitrogen already 16 weeks after planting coetpén 18 and 20 weeks after
planting for the Tand T;treated plants, respectively.

The total number of leaves harvested per plant over thedpef 12 weeks was
significantly influenced by the interaction between igalt and nitrogen levels
(Table 4.5). As shown in Figure 4.1 the total number ofdsavarvested per plant
increased with increasing nitrogen levels for both ‘Fordh@@nt’ and ‘Rhubarb’ plants.
The total number of leaves harvested for ‘Fordhook Gimatreased from 3.1 to 15.1
when the nitrogen level increased from 0 to 400 kg N. hahis was also true for
‘Rhubarb’ where the total number of leaves harvestegased from 5.0 at 0 kg N*heo
18.5 at 400 kg N h  Although not always significant, the total number cdvies
harvested for ‘Rhubarb’ was more than for ‘Fordhookn@Giaver all the different
nitrogen levels. Nitrogen application times did notngigantly influence the total
number of leaves harvested (Table 4.5).
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LSD (1<005CXxNL=3.1

i1

harvested plant
=
o

Total number of leaves
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Fordhook Giant Rhubarb

Cultivar

\ B0 kg N/hall 50 kg N/haD 100 kg N/had 200 kg N/hall 400 kg N/ha

Figure 4.1: Effect of nitrogen levels on the total number ofeaves harvested per
plant for ‘Fordhook Giant’ and ‘Rhubarb’ plants

As was expected these results indicate that differerdagein levels had a pronounced
influence on the number of leaves harvested per Swéssd gtant. As the nitrogen levels
increased the number of leaves harvested per plant isdr@asspective of the cultivar
or time of nitrogen application. In this study the hgtheumber of leaves was obtained
where 400 kg N Hawas applied. These results are similar to thos@asf & Vityakon
(1983; 1986) who also obtained higher leaf numbers for spindotre 400 and
450 kg N hd were applied. Giilser (2005) however, reported that diffenitrogen
levels did increase the number of spinach leaves havdmit not significantly. The
reason for this may be attributed to the fact that monfer nitrogen levels, between 30
and 150 kg N ha were used in that study. Other crops, such as cabbageraduced
larger heads when 400 kg N*haas applied (Turan & Sevimli, 2005).

Time of nitrogen application did not significantly infhee the total number of leaves
harvested for Swiss chard plants. However, nitrogenwhatsplit into 11 applications
had a significantly positive effect on the number alvkss harvested at the later stages of
harvesting (weeks 17 and 21 after planting). Biemond (1985a)eported only a small
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difference in the total number of spinach leaves whet®gen was split into five,

instead of two nitrogen applications.

4.2.3 Leaf fresh mass

A summary of the analyses of variance that was dowketermine the effects of different
nitrogen levels and application times on the fresh mpasdeaf of harvested leaves of
‘Fordhook Giant’ and ‘Rhubarb’ plants from 9 up to 21 weater planting is given in

Table 4.11. Leaf fresh mass, as indicated in this seesidhe total of the leaf blade and

the petiole, and it is expressed as fresh mass pdrdeadsted.

Table 4.11: Summary of the analyses of variances showing the sigrant effects of
nitrogen levels and nitrogen application times on the fresh ass of
‘Fordhook Giant’ and ‘Rhubarb’ plants from 9 up to 21 weeks dter

planting
_ Cultivar Nitrogen Nitr_oggn
Weeks after planting ©) level a_ppllcatlon CxNL | NLxNA | CxNA
(NL) time (NA)
9 * * ns ns ns ns
13 ns * * ns ns ns
17 ns * * ns * ns
21 * * ns ns ns ns
Total of leaf fresh mass plarit ns * ns ns ns ns

LSD (r<0.05)
ns = no significant differences
* = significant differences

As shown in Table 4.11 the interaction between cultival @itrogen levels, as well as
between cultivar and nitrogen application times didsignificantly influence fresh mass
of leaves harvested. The interaction between nitrdgesls and nitrogen application
times significantly influenced leaf fresh mass at l7ekgeafter planting. As was
expected, fresh mass increased with increasing nitrogels lvall the four application
times (Table 4.12). Fresh mass of leaves harvestedgiamts that received nitrogen at a
level of 200 or 400 kg N Hawas significantly higher than where 0, 50 or 100 kg N ha
was applied in 11 applicationsjT Fresh mass increased from 0.0 g at 0 kg Ntba
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16.4 g at 400 kg N Ffa The same tendency was observed for th@3and T, treatments
(Table 4.12). Leaf fresh mass of the tfeated plants that received 400 kg N has
also significantly higher than the; &nd T, treated plants.

Table 4.12: Effect of nitrogen levels and application times ondsh mass (g) per leaf
of harvested Swiss chard plants 17 weeks after planting

Nitrogen levels (NL) Nitrogen application times (NA)
(kg ha) T, T, Ts T,
0 0.0 0.9 0.0 1.1
50 1.9 2.2 1.7 3.0
100 3.1 1.8 2.6 4.1
200 12.7 4.2 6.3 9.1
400 16.4 11.6 8.1 8.5
LSDp=00sNL X NA 7.94
% Nitrogen received of the total required 72.72 100 75 100
e e [ | e |

At 17 weeks after planting, both the dnd T, treated plants had received 100% of the
total nitrogen required compared to 72.72% of theaid 75% of the Ftreated plants
(Table 4.12). The reason why the fresh mass of theedted leaves was higher than the
other treatments at 400 kg N*henay be attributed to the fact that the nitrogen wais spl
into 11 applications and was applied at regular intervalsyeseezond week, compared to
the other treatments where the nitrogen was split mt¢T,); 4 (Ts) and 3 (T)
applications.

Leaf fresh mass of ‘Fordhook Giant’ was significargleater than that of ‘Rhubarb’
leaves 9 weeks after planting, while at 21 weeks af@ntiplg the opposite was true
(Table 4.13). This may be attributed to the fact that ‘Foo#hGiant’ reached maturity
two weeks later than ‘Rhubarb’.
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Table 4.13: Fresh mass (g) per leaf of harvested ‘Fordhook &it’ and ‘Rhubarb’
plants from 9 up to 21 weeks after planting

) Cultivar (C)
Weeks after planting LSDr<005C
Fordhook Giant Rhubarb
9 20.3 14.8 2.3
13 10.6 9.7 ns
17 5.0 5.0 ns
21 1.8 3.7 1.4

As shown in Table 4.14 fresh mass of leaves harvesteeaised with increasing levels
of nitrogen from 9 up to 17 weeks after planting. Fresh roé$saves harvested from
plants that received 100, 200 or 400 kg N aas significantly higher than plants that
did not receive any nitrogen at 9 and 13 weeks aftettiptan Seventeen weeks after
planting it was only the leaf fresh mass of plants thaeived 200 kg N Aaand 400 kg

N ha® and at 21 weeks after planting plants that received 400 kg'NtHat were
significantly higher than plants that did not recearey nitrogen. Fresh mass of leaves
harvested 21 weeks after planting increased from 0.4 g gWwt&re no or 400 kg N Ha

was applied respectively. The same tendency was olsatrtke other harvesting times.

Table 4.14: Effect of nitrogen levels fresh mass (g) perdeof harvested Swiss chard
plants from 9 up to 21 weeks after planting

Nitrogen levels (NL)
roiong (kg ha) LSDur<aosNL
0 50 100 200 400
9 9.2 12.8 17.4 20.1 28.1 51
13 11 4.1 7.6 15.7 22.5 3.8
17 0.4 1.7 2.8 8.1 111 3.0
21 0.4 0.6 2.0 2.8 7.9 3.0

Inspection of Table 4.15 reveals that nitrogen applicatiome did not influence fresh
mass during the first and the last weeks (9 and 21 weekgkdteing) of harvesting. At

13 weeks after planting fresh mass of leaves harvesbed the T treated plants was
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significantly more than theTireated plants, although the ffeated plants received less
nitrogen (63.63%) than the, Treatedplants (80%). Leaf fresh mass, 17 weeks after
planting, was significantly more for the featment than for the,and T; treatments.
This may be attributed to the fact thaj tileated plants received 75% of the required
nitrogen already at 12 weeks after planting compared tosthedted plants that received
72.72% of the required nitrogen 16 weeks after planting. Althohgf; treated plants
received 100% of the required nitrogen (16 weeks afteriptgrthe leaf fresh mass was
still significantly lower than the iltreatment. There is a clear trend that fresh méss o
leaves harvested from Swiss chard plants reacted pbsitovaitrogen applied in small
amounts at regular intervals (11 applications) over theeegrowth season.

Table 4.15: Effect of nitrogen application times on the freshmass (g) per leaf of
after planting harvested Swiss chard plants from 9 up to 2tveeks

Weeks Nitrogen application times (NA) LSD
after (T2005)
planting L T2 T3 Ta NA

9 18.2 (8)* [36.36]* | 16.9 (8) [40] | 16.4 (6) [50] | 18.5 (8) [33.33]| ns

13 | 121 (12) [63.63] 8.7 (12) [80] |10.4 (12) [75] | 9.4 (8) [66.66]| 3.2
17 6.8 (16) [72.72] 41 (16) [100] | 3.3 (12) [75] | 5.1 (16) [100] 2.6
21 3.6 (18) [100] 2.7 (16) [100] | 3.1 (18) [100]| 1.7 (16) [100] ns

*Values in () brackets indicate the last applicatin time of nitrogen (weeks after planting)
**Value in [ ] brackets indicate the % nitrogen the plants received of the total nitrogen required

Nitrogen levels significantly influenced the total freshss of harvested leaves for Swiss
chard plants, irrespective of the cultivar or nitrogppliaation time (Table 4.11). The
total fresh mass of leaves harvested per Swiss chard picreased from 26.2 g at
Okg N ha' to 207.7 g at 400 kg N HgTable 4.16).
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Table 4.16: Effect of nitrogen levels on the total leaf fresh ass (g) per plant
harvested over a period of 21 weeks of Swiss chard plants

Nitrogen levels (NL) Leaf fresh mass
(kg ha") (g plant™)

0 26.2

50 46.6

100 72.1

200 116.7

400 207.7
LSDr<00sNL 20.7

From this data it is clear that nitrogen fertilisatimad a significant influence on the fresh
mass of leaves harvested from Swiss chard plants. tdgen levels increased leaf fresh
mass increased, irrespective of cultivar and applicdimes. The highest leaf fresh
mass was obtained at 400 kg Nha Sonetra, Borin & Preston (2005) and
Hammadet al. (2007) also reported that fresh mass of spinach increased mthegen
levels increased. Similar results on cabbage plants el@ained by Ghandt al. (1982),
where yield contributing characteristics such as freabsimhead diameter and number of
marketable heads increased with an increase in nitroges leweb 200 kg N h This
positive effect of nitrogen on fresh mass was also tegdor other crops such as turnip
greens (Vieiraet al., 1998), lettuce (Lairoet al., 1984) and cauliflower (Kaniszewski &
Rumpel, 1998).

Time of nitrogen application did not significantly indloce the total fresh mass of leaves
harvested from Swiss chard plants. Nitrogen spld It applications over the growing
season influenced fresh mass of leaves harvested dueily 18 and 17 after planting.
The yield of sweet onions increased where nitrogen wasedppiore frequently (33% of
the total nitrogen in the first 12 weeks of the growth pepa three applications of
22% each in the second 12 weeks of the growth period) (@atia] 1994). In a study by
Millard & Robinson (1990), late application of foliar spraysurea slightly increased
fresh mass (tuber yield) of potatoes as compared tqke sipplication at planting.
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4.2.4 Leaf area

A summary of the analyses of variance that was dowketermine the effects of different
nitrogen levels and application times on the leaf peyaleaf of ‘Fordhook Giant’ and
‘Rhubarb’ plants from 9 up to 21 weeks after plantingiven in Table 4.17. Leaf area
of Swiss chard in this section refers to the leafdoef) per harvested leaf of only the

blades without the petiole.

Table 4.17: Summary of the analyses of variances showing the sigrant effects of
nitrogen levels and nitrogen application times on leaf area dfarvested
leaves of ‘Fordhook Giant’ and ‘Rhubarb’ plants from 9 up to 21 weeks
after planting

Weeks after Cultivar | Nitrogen level al;\)lglrizgﬁgn CxNL | NLxNA | Cx NA
planting © (NO | ime (NA)
9 * * ns ns ns ns
13 ns * ns ns ns ns
17 ns * * ns * ns
21 * * ns ns ns ns
Total leaf area plant* ns * ns ns ns ns
LSD (r<0.0s)

ns = no significant differences
* = significant differences

As shown in Table 4.17 the interaction between cultivat aitrogen levels and also
between cultivar and nitrogen application times did mgnicantly influence leaf area.
The interaction between nitrogen levels and nitrogen @dmin times significantly
influenced leaf area of Swiss chard at 17 weeks aftetimjpnAs was expected, leaf area
increased with increasing nitrogen levels at all four appba times (Table 4.18). Leaf
area of leaves harvested from plants that received 400 kg' that was split into 11
applicationgT;) was significantly larger than all the other treatineombinations except
where 200 kg N hawas applied for the same nitrogen application timg. (Leaf area
increased from 0.0 cfrat 0 kg N ha to 235.8 crfiat 400 kg N hafor the T treatment.

The same tendency was observed for th&sland Tstreatments (Table 4.18).
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Table 4.18: Effect of nitrogen levels and application times othe leaf area (cni) per
leaf harvested for Swiss chard plants 17 weeks after plang

Nitrogen levels (NL) Nitrogen application times (NA)
(kg ha) T, T, T T,
0 0.0 14.6 0.0 12.5
50 24.5 35.0 0.0 39.0
100 44.7 24.5 36.2 55.5
200 189.9 67.1 73.6 136.7
400 235.8 163.8 128.6 132.0
LSDp=00sNL X NA 106.9
% Nitrogen received of the total required 72.72 100 75 100
g R

At 17 weeks after planting both the dnd T, treatments received 100%, whilst the T
treatment 72.72% and the Treatment 75% of the total nitrogen required (Table 4.18).
The reason why the leaf area of thedr€ated leaves was larger than the other treatments
at 400 kg N ha may be attributed to the fact that thetfeated plants received their
nitrogen in 11 applications (once every second week) apam@ah to the other treatments
that received nitrogen at fewer intervals but with mutegen at a time.

Leaf area of both cultivars decreased as the harvgséingd progressed (Table 4.19).
The leaf area of ‘Fordhook Giant’ plants was signiiitalarger than ‘Rhubarb’ plants at
9 weeks after planting. At 13 weeks after planting thkdeza of ‘Fordhook Giant’ was
also larger than that of ‘Rhubarb’ but not significantlyhe reason why the leaf area of
‘Rhubarb’ was larger than that of ‘Fordhook Giant’ atail 21 weeks after planting
may be that ‘Rhubarb’ reached maturity two weeks kEian ‘Fordhook Giant’.
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Table 4.19: Leaf area (crf) per leaf harvested of ‘Fordhook Giant’ and ‘Rhubarb’
plants from 9 up to 21 weeks after planting

) Cultivar (C)
Weeks after planting LSDr<005C
Fordhook Giant Rhubarb
9 279.8 246.1 29.9
13 200.0 189.4 ns
17 62.8 78.7 ns
21 25.8 59.2 21.2

As shown in Table 4.20 leaf area increased with increasirgjsl of nitrogen at all four
harvesting times, although not always significantly. 94and 13 weeks after planting the
leaf area from plants that received 100, 200 or 400 kg Nnas significantly larger than
leaves of plants that received 0 or 50 kg N.h®uring the later stages of harvesting, i.e.
at 17 weeks after planting the leaf area of plantsréwgived 200 or 400 kg N hand
also at 21 weeks after planting plants that received 400 & was significantly larger

than plants that did not receive any nitrogen fertiliser

Table 4.20: Effect of nitrogen levels on the leaf area (énper leaf harvested of
Swiss chard 9 up to 21 weeks after planting

Nitrogen levels (NL)
ngﬁfir?ger (kg ha'") LSDir<005NL
0 50 100 200 400
9 127.2 181.8 263.5 315.1 427.3 66.1
13 18.0 66.2 139.9 305.6 443.8 69.9
17 6.8 24.7 40.2 116.9 165.1 40.9
21 6.4 5.8 285 37.2 134.7 46.9

Nitrogen application time only influenced leaf area duringekv&?7 after planting as
shown in Table 4.21. The leaf area measured 17 weekplteing was significantly
larger for the T treatment than for the; Bind T; treatments, while leaf area for the T

and T,treatments did not differ significantly from one areth
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Table 4.21: Effect of nitrogen application times on the leaf @a (cnf) per leaf
harvested of Swiss chard plants from 9 up to 21 weeks aftplanting

Weeks Nitrogen application times (NA) LSD
after (10.05)
planting T, T, Ts T4 NA
9 267 (8)* [36.36]** | 261 (8) [40] | 238 (6) [50] | 284 (8) [33.33] ns
13 223 (12) [63.63] | 176 (12) [80] | 193 (12) [75] | 185 (8) [66.66] ns
17 99 (16) [72.72] 61 (16) [100]| 47 (12) [75] | 75 (16) [100] 34.4
21 51 (20) [100] 42 (16) [100]| 48 (18) [100] | 27 (16) [100] ns

*Values in () brackets indicate the last applicatn time of nitrogen (weeks after planting)

**Value in [ ] brackets indicate the % nitrogen the plants received of the total nitrogen required

The same trend observed for leaf area was observedufober of leaves harvested.
Although the T treated planthad received lesstrogen than the other plants at 17 weeks
after planting, these plants reacted better to nitrobahwas applied more frequently
during the growing season than where nitrogen was appBedriequently but in larger
amounts at a time. At twenty one weeks after plgntatl plants received 100% of the
total required nitrogen and although not significant, thédesa of the Ttreatment was
still larger than the other treatments.

The total leaf area of harvested leaves for Swissdchiants over a period of 21 weeks
was only significantly influenced by nitrogen levels (Tabl&7). The total leaf area per
plant increased from 158.3 émat 0 N kg ha' to 1170.9 crh at 400 kg N ha&
(Table 4.22).
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Table 4.22: Effect of nitrogen levels on the total leaf areaifi’) per plant harvested
of Swiss chard plants from 9 up to 21 weeks after planting

Nitrogen levels (NL) Total leaf area
(kg ha) (cm’ plant™)

0 158.3
50 278.4
100 472.2
200 774.7

400 1170.9
LSD r<005NL 136.9

Nitrogen fertilisation increased the leaf area of hste@ leaves regardless of the cultivar
or nitrogen application time. The largest leaf area eimained where 400 kg N havas
applied. These results concur with results of G{(8@05) who reported an increase in
spinach leaf area with increasing nitrogen from 0 to 150 kg N hEhe same results
were also reported for other vegetable crops such asdiifaweet pepper (Tremblay &
Senécal, 1988; Masson, Tremblay & Gosselin, 1991) and ¢@sndMelton & Dufault,
1991).

Application time of nitrogen did not influence the toedf area of leaves harvested from
Swiss chard plants. Biemond (1995b) also reported ¢adtarea of mature leek plants
was not influenced by either two or six equal applicatidmgtoogen fertiliser. However,
leaf area of Swiss chard leaves harvested 17 weeks aftéinglaenefited from nitrogen

fertiliser that was split into 11 equal applications (&ggpévery second week).

4.2.5 Leaf dry mass

A summary of the analyses of variance that was dowketermine the effects of different
nitrogen levels and application times on the dry massaytihook Giant’ and ‘Rhubarb’
leaves from 9 up to 21 weeks after planting is given inddl##3. Leaf dry mass in this

section refers to the dry mass of the leaf blade wittieupetiole.
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Table 4.23: Summary of the analyses of variances showing the sigrant effects of
nitrogen levels and nitrogen application times on the dry massf leaves
of ‘Fordhook Giant’ and ‘Rhubarb’ plants from 9 up to 21 weeks after

planting
Cultivar Nitrogen Nitrogen
Weeks after planting c level application CxNL | NLxNA | CxNA
©) (NL) time (NA)
9 ns * ns ns ns ns
13 * * ns ns ns ns
17 * * * ns * ns
21 * * ns ns ns ns
Total leaf dry mass plant* * * ns ns ns ns

LSD (r<0.05)
ns = no significant differences
* = significant differences

As shown in Table 4.23 the interaction between cultivat aitrogen levels and also
between cultivar and nitrogen application times was igoifecant at all four harvesting
times. The interaction between nitrogen levels andogdén application times
significantly influenced the leaf dry mass at 17 weeksrgitanting (Table 4.23). Leaf
dry mass increased with increasing nitrogen levels atoal &pplication times (Table
4.24) except for thesfireated plants. Leaf dry mass of harvested Swiss clemntsghat
received 200 or 400 kg N fhavas significantly higher than where 0, 50 or 100 kg N ha
was applied at the Treatment. For the;Treatment the leaf dry mass increased from 0.0
g at 0 kg N hdto 3.1 g at 400 kg N Ha The same tendency was observed fo th&l
and T; treatments (Table 4.24). The leaf dry mass of thetr&éated plants that
received 400 kg N Rawas also significantly higher than the Ts; and T, treated plants.

At 17 weeks after planting, both the dnhd T, treated plants received 100% of the total
nitrogen required compared to 72.72% for theahd 75% for the Ftreated plants
(Table 4.24). Leaf dry mass of Swiss chard plants regadsitively to nitrogen applied
every second week (T at a level of 400 kg Hacompared to the other nitrogen
application times. This was also true for leaf frestss (Section 4.2.3) and leaf area
(Section 4.2.4).
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Table 4.24: Effect of nitrogen levels and application times ore&f dry mass (g) of
harvested leaves of Swiss chard plants 17 weeks after plargi

Nitrogen levels (NL) Nitrogen application times (NA)
(kg ha) T, T, T T,
0 0.0 0.1 0.0 0.1
50 0.2 0.3 0.0 0.4
100 0.7 0.2 0.3 0.6
200 2.0 0.7 1.0 1.0
400 3.1 2.1 1.6 1.7
LSDpr=o0sNL X NA 0.6
% Nitrogen received of the total required 72.72 100 75 100
e | | e |2 |

Leaf dry mass of ‘Rhubarb’ was significantly highemntlud ‘Fordhook Giant’ from 13 up
to 21 weeks after planting, except at 9 weeks after pla(iiaigle 4.25).

Table 4.25: Dry mass (g) of harvested leaves of ‘Fordhook Gian&ind ‘Rhubarb’
plants from 9 up to 21 weeks after planting

) Cultivar (C)
Weeks after planting LSDr<005C
Fordhook Giant Rhubarb
9 5.0 5.0 ns
13 1.7 2.3 0.2
17 0.7 1.0 0.1
21 0.3 0.6 0.1

Leaf dry mass increased with increasing levels of nitrdgen 9 up to 21 weeks after
planting (Table 4.26). The dry mass of leaves harvestad 8wiss chard plants that
received 100, 200 and 400 kg N*haas significantly higher than plants that received no
nitrogen at 9 and 13 weeks after planting. Seventeen vedgksplanting the leaf dry
mass of plants that received 100, 200 and 400 kg Nwls significantly higher than
plants that received 0 and 50 kg N*halLeaf dry mass of Swiss chard plants that
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received 400 kg N Rawas significantly higher than leaves from plants tieaeived no
nitrogen 21 weeks after planting. At 21 weeks after pignthe dry mass of leaves
increased from 0.0 g where no nitrogen was applied to 1.4 ,ewi®® kg N ha was
applied. The same tendency was observed for the otharskiag times (Table 4.26).

Table 4.26: Effect of nitrogen levels on the dry mass (g) of harsted leaves of Swiss
chard from 9 up to 21 weeks after planting

Nitrogen levels (NL)
roiong (kg har’) LSDir<omNL
0 50 100 200 400
9 1.7 2.3 4.0 6.2 11.0 0.9
13 0.2 0.6 1.2 2.9 5.2 0.4
17 0.1 0.2 0.5 1.3 2.1 0.3
21 0.0 0.2 0.2 0.3 1.4 0.3

Nitrogen application time significantly influenced dry magsweek 17 after planting
(Table 4.27). Leaf dry mass of harvested leaves of Sthed plants was significantly
more for the T treatment than the other nitrogen applicati@atments. This may be
attributed to the fact thatsTreated plants received 75% of the required nitrogen at 12
weeks after planting compared to the tfeated plants that received 72.72% of the
required nitrogen 16 weeks after planting. Although th@fd T, treatments received
100% of the required nitrogen 16 weeks after planting, the dea mass was still
significantly lower than the iltreatment. There is a clear indication that Swissra

plants reacted positively to nitrogen applied in small gties at regular intervals over
the entire growth season.
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Table 4.27: Effect of nitrogen application times on leaf drymass (g) per leaf
harvested of Swiss chard plants from 9 up to 21 weeks aftplanting

Weeks Nitrogen application times (NA) LSD

aftgr (T <0.05)
planting T, T, Ts Ts NA
9 51 (8)* [36.36]** | 4.7 (8 [40] | 52 (6) [50] | 49 (8) [33.33 ns

13 21 (12) [63.63] | 1.9 (12) [80] | 21 (12) [75] | 1.9 (8) [66.66]
17 1.2 (16) [72.72] | 1.0 (16) [100] | 1.0 (12) [75] | 1.0 (16) [100]
21 0.5 (20) [100] | 0.4 (16) [100] | 0.5 (18) [100] | 0.3 (16) [100]

ns
0.2

ns

valie i ] brackets indicate the % niragen the plants recened of the toal nitogen required

The total leaf dry mass of ‘Rhubarb’ and ‘Fordhook Gialitfered significantly from
each other (Table 4.23). The total leaf dry mass forelséed leaves of ‘Rhubarb’ plants
(9.0 g) was significantly more than for ‘Fordhook Gianéms (7.7 g) (LSB<0.05)= 2.3).
Increasing nitrogen levels increased the total dry masseuakested Swiss chard leaves
regardless of the cultivar or nitrogen application tinibe total leaf dry mass increased
from 2.0 g at 0 kg N Hato 19.2 g at 400 kg N Ha(Table 4.28).

Table 4.28: Effect of nitrogen levels on the total leaf dry mas(g) per plant of Swiss
chard plants harvested over a period of 21 weeks

Nitrogen levels (NL) Dry mass
(kg ha™) (g plant™)

0 2.0

50 3.4

100 5.9

200 10.7

400 19.2

LSD r<005NL 2.3

As the nitrogen levels increased the dry mass of lehaegested per plant increased
irrespective of the cultivar or time of nitrogen apation. In this study the highest dry
mass of leaves harvested was obtained where 400 kg Wdmapplied. These findings

were similar to findings of other researchers omsreuch as spinach (Hammetdal.,
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2007) celery, lettuce, broccoli, tomatoes (Massbal., 1991), turnip greens (Vieiret

al., 1998), peppers (Dufault & Schultheis, 1994) and Brussel sp(Bigisiond, Vos &
Struik 1996). Laironet al. (1984) reported that the dry matter of lettuce was not
significantly influenced by nitrogen application levels. eTieason for these conflicting
results may be attributed to the low nitrogen levelsdusn lettuce (200 kg N fii
compared to levels used on Swiss chard (400 kgi) ha

Results showed that nitrogen application time did nouanfte the total dry mass of
leaves harvested; however, where nitrogen was spiit lit applications (1) over the

growing season, the time of the nitrogen application haalsétive effect on the dry mass
of Swiss chard leaves harvested 17 weeks after plarfiiferent results were found for
other vegetable crops such as Brussel sprouts. Biemoad (1995) observed that
nitrogen applied in three equal applications affected dryemaf Brussel sprouts more
positively than nine equal applications. Reeves, Wood & Hftouc (1993) reported
greater dry matter production of maized mays L.) when nitrogen was applied at
planting (100%) as a single application compared with sypllication of nitrogen at
planting (33.33%) and the remainder of the nitrogen (66%) apple@ side-dress

application.

4.2.6 Leaf nitrogen content

A summary of the analyses of variance that was dowketermine the effects of different
nitrogen levels and application times on the nitrogenesandf ‘Fordhook Giant’ and
‘Rhubarb’ harvested leaves is given in Table 4.29.

Table 4.29: Summary of the analyses of variances showing the siggant effects of
nitrogen levels and nitrogen application times on the nitrogerontent
(%) of ‘Fordhook Giant’ and ‘Rhubarb’ harvested leaves

_ Cultivar | Nitrogen level | Nitrogen
Nutrient application C x NL NL x NA C x NA
© (NL) time (NA)
N * * * ns ns .

LSD (r<0.05)
ns = no significant differences
* = significant differences
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As shown in Table 4.29 the interaction between cultivat aitrogen levels and also
between nitrogen levels and nitrogen application timeésdt significantly influence the
nitrogen content of Swiss chard leaves. The intenadbetween cultivar and nitrogen
application times significantly influenced the nitrogemtent of Swiss chard plants. The
percentage nitrogen in ‘Rhubarb’ leaves was more than ondHeok Giant’ leaves,
regardless of the nitrogen application time, except whm#r®gen was split into 4
applications (3). The nitrogen content of ‘Rhubarb’ leaves from the T, and T,
treated plants was significantly more than leaves ftenT; treated plants. ‘Fordhook
Giant’ leaves harvested from the, T3 and T, treated plants contained significantly more
nitrogen than leaves from the feated plants (Table 4.30).

Table 4.30: Effect of nitrogen application times on the leafitrogen content (%) of
‘Fordhook Giant’ and ‘Rhubarb’ plants

Nitrogen Cultivar (C)
application times Fordhook Giant Rhubarb
T, 2.1 25
T, 2.5 2.6
T, 2.3 2.2
T, 2.5 2.6
LSDr<005C X NA 0.3

The nitrogen content of ‘Rhubarb’ plants (2.5%) washificantly more than that of
‘Fordhook Giant’ plants (2.3%) (Table 4.31).

Table 4.31: Nitrogen content (%) of ‘Fordhook Giant' and ‘Rhubarb’ leaves

harvested
) Nitrogen
Cultivar
(%)
Fordhook Giant 2.3
Rhubarb 2.5
LSDg<005C 0.1
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Inspection of Table 4.32 shows that the nitrogen contie8twiss chard leaves increased
significantly with increasing levels of nitrogen. Ledtfogen content of Swiss chard was
significantly more where 100, 200 or 400 kg N'haas applied compared to where
0 kg N hd was applied. As nitrogen levels increased from 0 to 400 KN the
nitrogen content of Swiss chard leaves increased fro# @. 3.3%.

Table 4.32: Effect of nitrogen levels on the nitrogen content%f) of ‘Fordhook
Giant’ and ‘Rhubarb’ leaves harvested

Nitrogen levels (NL) Nitrogen
(kg ha) (%)
0 2.0
50 21
100 2.2
200 2.5
400 3.3
LSD(r<o005NL 0.2

Inspection of Table 4.33 shows that nitrogen applicatioregisignificantly influenced
the nitrogen content of Swiss chard leaves. The nitregatent of Swiss chard leaves
was significantly higher for the,;T(5 equal applications) and, T3 equal applications)

treatments than the; T11 equal applications) ang (B equal applications) treatments.

Table 4.33: Effect of nitrogen application times on the nitroge content (%) of
‘Fordhook Giant’ and ‘Rhubarb’ leaves harvested

Nitrogen application Nitrogen
times (NA) (%)
Ty 2.3
T 2.6
T3 2.2
T, 2.5
LSDr<005NA 0.2

Nitrogen fertilisation increased the nitrogen contenSwiss chard leaves regardless of

the cultivar or nitrogen application time. The highagtogen content was recorded
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where 400 kg N hhwas applied. Nitrogen content of leaves of severgisincreased
with increasing nitrogen levels such as spinach (Cantli®&3a; Hammaet al., 2007),
beet (Cantliffe, 1973a), lettuce (Soungtyal., 2001), cabbage, Brussel sprouts, broccoli
(Sanderson & Ivany, 1999) and turnip greens (Vietra., 1998).

4.3 CONCLUSIONS

Results from this study emphasise the importance déisable nitrogen management
which aims to supply enough nitrogen for optimum growth aettlywhile losses to the

environment are kept to a minimum. This can only be don@dighing the demand of
the crop for nitrogen with the application time, adlas taking into account the practical
and financial implications thereof.

From this research it is clear that nitrogen fertilises a beneficial effect on the growth
(number of leaves during the first 6 weeks after plantiggdld (number of leaves
harvested and leaf fresh mass) and quality (leaf agabdty mass and nitrogen content
of the leaf) of Swiss chard plants. In this study,dpamum nitrogen application level
for all the parameters measured was 400 kg N h@he positive effect of nitrogen
fertiliser may be due to the physiological effect it lvan the vegetative growth and plant
development. Cultivar differences should also be tak#a consideration when
managing nitrogen fertilisation. In this study ‘Rhubasgiélded more leaves than
‘Fordhook Giant'.

Nitrogen application time did significantly influence tbarly growth (first 6 weeks after
planting) of Swiss chard plants. It is clear thaevéhmore nitrogen was available(Ts;
and T, treatments) during the first six weeks after plantihg, better the growth of the
plants when the number of leaves were used as an irdlehough the application time
of nitrogen did not influence the total yield (number ofvkssaharvested, leaf area and
leaf fresh mass) of Swiss chard, it is clear thabgén applied late in the growth season
had a positive influence on the harvest {fEatment). The total nitrogen content of the

leaves was however, negatively influenced by thedatment.
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CHAPTER 5

NITROGEN SOURCES AFFECTING SWISS CHARD
PRODUCTION

5.1 INTRODUCTION

Commercial vegetable production represents one of theintessive uses of land and it
often results in the rapid depletion of soil fertili@oh & Vityakon, 1983). In arid and
semi-arid regions both water and nitrogen are the miamtiilg factors for crop
production. Vegetables are mostly planted under irrigati@hveater is then normally
not a limiting factor for yield, but nitrogen requirememtsthese crops are high and
nitrogen is then the most limiting factor (Qawastral., 1999).

Swiss chard is planted for its dark green succulent earowers tend to apply large
guantities of fertiliser, especially nitrogen to leafyegre to maximise yield and quality,
as well as to gain greater economic returns (Cantlk@/3b; Baker, 1980; Goh &
Vityakon, 1983). This can also been seen in the increasedfdertiliser over the past
years. Nitrogen fertiliser used in excess is ofteongly considered as insurance against
yield losses. Excessive use of nitrogen fertilisatiom d@ad to environmental
contamination due to leaching, volatilisation, denitrificatand surface run off, as well
as to accumulation of nitrate in leafy vegetables begafe limits (Umar, Igbal & Abrol,
2007). For most crops recommendations of nitrogen fertibggplication rates are
available, but a large variation in the optimum valugste due to environmental
conditions (Van Keulen & Stols, 1991).

The nitrate forms of nitrogen fertiliser are widely usediegetable production resulting
in accumulation of nitrates in plants if the rate tbéir intake exceeds the rate of
reduction to ammonium (Lyd.ion & Yan, 1993). The use of nitrogen fertiliser in the
ammonium form or as a mixture of nitrate and ammoniumreduce the nitrate content

in plants (Inal & Tarakcioglu, 2001; Santamaetaal., 2001). Ammonium and nitrate
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fertilisation of plants directly influence the yielditbalso the chemical composition of
vegetables whereby the latter may affect the healtihettonsumer (Goh & Vityakon,
1983). Nitrogen levels and the timing of nitrogen applicattam lead to nitrate
accumulation in plants. The quantity of available nitrogeone of the most important
factors that may lead to high nitrate levels in thenp(Schuphaset al., 1967; Baker &
Maynard, 1971; Pec#t al., 1971; Maynarckt al., 1976).

It is well known that spinach accumulates nitratesgponse to excess nitrogen (Briemer,
1982; Goh & Vityakon, 1986). Vegetables play an importantiroleuman diet and an
even greater part in the nutrient supply for some grougs as vegetarians in developed
countries or among the poor in developing countries (baral., 1984). The nutritional
value of the food that humans consume is determined dydmposition of the raw
materials which is influenced by cultivar selection, grayvconditions and post harvest
treatments (Schuphaet al., 1967). The main sources of nitrates for humans aresplant
and drinking water. High nitrate and nitrite levels can tbxic to humans. The
maximum level (limit) for nitrate in spinach according the European commission
regulation No. 563/2002 for fresh spinach is 2500-3000 mi fiesh mass and for
preserved, deep frozen or frozen spinach is 2000 mb fiesh mass (European
Commission, 2002).

Excessive transformation of nitrates into nitrite in @igms leads to
methemoglobinemia. This intoxication results from act®n between nitrite and
hemoglobine and formation of methemoglobinemia, which dabmal and exchange
oxygen in the blood. A high level of methemoglobin can earse death (Schuphain
al., 1967; Vulsteke & Biston, 1978). Although spinach is claim®de a valuable
vegetable, it has also, from time to time, been cldim® a potential hazard for infants
due to its nitrate content, which under certain congitionight give rise to toxic amounts
of nitrate (Schuphaset al., 1967). Therefore, efforts to minimise the accunmabf
nitrates in leafy vegetables are needed (Umar & Igbal, 20€8) dan add value to
vegetable products already popular for their nutritionadl dnerapeutic properties
(Santamaria, 2006). The leaf blades of spinach are ktowacumulate fewer nitrates
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than the petioles but more than the midrib, and thateitcontent tends to be higher in
autumn-winter than in the spring (Santamatial., 1999b). Researchers suggest that by
cutting the spinach higher from the soil surface mighprove the quality of spinach
(Elia, Santamaria & Serio, 1998). The response of Sefiasd plants to nitrogen varies
in different cultivars, as well as from different mgitural practices. It appears that the
availability of different nitrogen fertilisers to Swig€hard plants may have a determining
effect on leaf growth, yield and quality. The study \@mased to evaluate the effect of
different nitrogen sources applied at different leveldt@ngrowth, yield and quality of

Swiss chard.

5.2 RESULTS AND DISCUSSION
5.2.1 Number of leaves harvested

A summary of the analyses of variance that was dowketermine the effects of different
nitrogen sources and levels on the number of leavesdtadvevery three or four weeks
of ‘Fordhook Giant’ plants from 8 up to 21 weeks after pfenis given in Table 5.1.

Table 5.1: Summary of the analyses of variances showing thgrsficant effects of
nitrogen sources and levels on the number of leaves harvedteer plant
every three or four weeks of ‘Fordhook Giant’ from 8 up to21 weeks
after planting

Weeks after Nitrogen source Nitrogen level
. NSx NL
planting (NS) (NL)
8 ns * *
11 * * ns
14 ns * ns
17 ns * ns
21 ns * *
Total number of leaves ns * *
harvested plant*
LSD (r<0.05)

ns = no significant differences
* = significant differences
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As shown in Table 5.1 the interaction between nitrogeurcgo and nitrogen level
significantly influenced the number of leaves harvestedlaert at 8 and 21 weeks after
planting. Although not significant, more leaves weaevhsted from Swiss chard plants
that received ammonium nitrate (7.5), potassium nitra@) (or urea (7.0) than plants
that received calcium nitrate (6.5), ammonium sulpl@t®) or urea ammonium nitrate
(6.5) as nitrogen source (800 kg N*ha&ight weeks after planting (Table 5.2). As was
expected, the number of Swiss chard leaves harvestegsc with increasing nitrogen
levels irrespective of the nitrogen source. At the saitr®@gen level, there was no
significant difference amongst the different nitrogenirces except where 700 kg N'ha
was applied as urea ammonium nitrate. The number gédeharvested from these
plants was significantly lower than from plants theteived other nitrogen sources. The
highest number of leaves was obtained where 800 kg'Nwvaa applied irrespective of

the nitrogen source.

Plants that received ammonium nitrate, potassium nitest@ponium sulphate or urea
ammonium nitrate as nitrogen source at 500 kg Ndrad higher, yielded significantly
more leaves than plants that did not receive any nitrogdants that received calcium
nitrate or urea yielded significantly more leaves alyeiaoim 400 kg N hd compared to
plants that did not receive any nitrogen (8 weeks aftetipi).
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Table 5.2: Effect of nitrogen sources and levels on the nurab of leaves harvested
per plant of ‘Fordhook Giant’ 8 weeks after planting

Nitrogen level Nitrogen source (NS)
(NL) CO(NH)),.
(kg ha®) NH, NO; KNO3 Ca(NOs),  (NH.), SO, NH.NO. CO (NH,),

0 0.0 0.0 0.0 0.0 0.3 0.5

100 0.8 2.0 0.0 2.0 0.5 2.0

200 15 1.8 1.8 1.0 2.0 1.5

300 2.0 1.8 2.5 15 1.3 2.0

400 2.0 2.8 3.0 15 3.0 3.5

500 4.3 3.3 4.5 4.3 3.5 3.5

600 4.0 4.3 3.8 4.8 3.8 3.8

700 6.3 6.5 6.8 5.8 3.8 7.0

800 7.5 7.0 6.5 6.5 6.5 7.0

LSDr<0.0s)NS X NL 2.9

At twenty-one weeks after planting, the reactionSaviss chard plants to different
nitrogen sources and levels was not consistent likead at eight weeks after planting
(Table 5.3). Although not significant, plants that reediammonium sulphate or urea
ammonium nitrate produced more leaves than plants tbaivesel other nitrogen sources
at application rates higher than 500 kg N*haThe number of Swiss chard leaves
harvested at a specific nitrogen level was also notfgigntly influenced by the different
nitrogen sources which were also true at 8 weeks afertip). As the nitrogen level
increased, the number of leaves harvested also tendedréase but this trend was not
so clear for all the nitrogen sources at this late sta#gbkarvesting (21 weeks after
planting).
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Table 5.3: Effect of nitrogen sources and levels on the nurab of leaves harvested
per plant of ‘Fordhook Giant’ 21 weeks after planting

Nitrogen level Nitrogen source (NS)
(NL) CO(NH)),.
(kg ha®) NH, NO; KNO3 Ca(NOs),  (NH.), SO, NH.NO. CO (NH,),

0 0.0 0.0 0.0 0.0 0.0 0.0

100 0.0 1.0 0.0 3.5 2.8 3.8

200 2.3 5.3 5.0 1.0 3.3 3.8

300 5.8 3.0 4.0 3.5 5.5 5.3

400 5.5 6.0 5.0 3.5 2.8 5.3

500 6.5 5.3 5.5 4.3 5.3 5.3

600 4.8 5.0 6.3 7.0 6.8 4.5

700 4.8 6.3 5.5 7.2 7.8 6.8

800 6.8 5.3 4.3 7.3 7.0 6.0

LSDr<0.0s)NS X NL 51

Nitrogen source influenced the number of Swiss chard $elaaesested at 11 weeks after
planting (Table 5.4). Significantly more leaves werevbsted from plants that received
urea than from plants that received urea ammonium aitagt nitrogen source. No

significant differences existed amongst the other nitregemces.

Table 5.4: Effect of nitrogen sources on the number of leavésrvested per plant of
‘Fordhook Giant’ from 8 up to 21 weeks after planting

Weeks Nitrogen source (NS) LD
after (T<005)
planting | N, NO;  KNO;  Ca(NOs),  (NH),SO; C,\?é':\';'(iz' (,\ﬁ_(')z)z NS
8 3.1 3.3 3.2 3.0 2.7 34 ns
11 3.9 3.7 3.6 3.6 3.2 4.4 1.0
14 4.8 4.4 3.9 4.5 4.8 5.0 ns
17 4.4 4.2 3.3 4.4 4.3 4.5 ns
21 4.1 4.1 3.9 4.2 4.5 4.5 ns
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As shown in Table 5.5 it is clear that nitrogen level digantly influenced the number

of leaves harvested at all five harvesting timespeetive of the nitrogen source. At 8,
14 and 21 weeks after planting all the plants that redenteogen yielded significantly

more leaves than plants that did not receive any nitrogen.

Table 5.5: Effect of nitrogen levels on the number of leavdsarvested per plant of
‘Fordhook Giant’ from 8 up to 21 weeks after planting

Weeks Nitrogen level (NL) LsD
after (kg ha') =00
planting NL
0 100 200 300 400 500 600 700 80p
8 0.1 1.2 1.6 1.8 2.6 3.9 4.0 6.0 6.4 0.9
11 0.1 1.1 3.0 3.1 3.3 4.8 4.8 5.9 7.3 1.4
14 0.2 2.7 3.6 4.2 4.8 5.4 6.4 6.9 7.Q 1.7
17 0.0 1.5 3.3 4.6 5.0 5.3 5.8 6.0 6.4 1.6
21 0.0 1.8 3.5 4.5 4.7 5.3 5.7 6.9 6.4 1.6

The same trend was observed at 11 and 17 weeks after glbatiit was only plants that
received 200 kg N Raand more that yielded significantly more leaves thamtgl that

received no or 100 kg N fia The highest nitrogen level (800 kg'haielded the most
number of leaves of all the harvesting times except atv@dks after planting when
plants that received 700 kg N*hgielded the most number of leaves.

The total number of leaves harvested per plant over thedpef 21 weeks was
significantly influenced by the interaction between agen source and nitrogen level
(Table 5.6). As shown in Table 5.6 the total number oESwhard leaves harvested per
plant increased with increasing nitrogen levels for &tbgen sources. The total number
of leaves harvested for Swiss chard plants where amomo nitrate was applied
increased from 1.8 to 37.0 per plant when the nitrogen leasl mcreased from O to
800 kg hd. The same trend was observed for the other nitrogerce® except for
potassium nitrate that showed a decrease in the numberawésl harvested when
nitrogen was increased from 700 kg*hg82.5) to 800 kg Ha (30.3). Although not

always significant, the most number of leaves (37)ewrarvested where ammonium
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nitrate was applied, followed by ammonium sulphate (3@a @mmonium nitrate (35)
and urea (34.8) at the same nitrogen level.

Table 5.6: Effect of nitrogen sources and levels on the totalumber of leaves
harvested per plant of ‘Fordhook Giant’

Nitrogen level Nitrogen source (NS)
(NL) CONHz).  CO
(kg ha®) NH,NO;  KNOj Ca(NOs),  (NH), SO, NH.NO. (NHy),
0 1.8 0.0 0.0 0.0 0.2 0.5
100 2.5 7.8 1.0 15.8 7.3 15.5
200 13.0 18.8 17.5 6.0 18.8 16.0
300 21.3 14.0 17.0 17.5 18.0 22.0
400 20.3 25.0 19.3 16.8 15.5 26.0
500 28.3 215 25.0 23.3 25.0 255
600 27.3 27.0 26.8 29.0 27.3 23.3
700 31.0 325 27.5 33.6 29.0 34.3
800 37.0 30.3 28.0 36.0 35.0 34.8
LSDr<0.05NS X NL 16.5

It is clear from these results that different nitnogeurces did not significantly influence
the total number of Swiss chard leaves harvested. Biffenitrogen sources only
differed in the level at which they started to signffida influence the number of leaves
harvested. On the other hand, different nitrogen legielssignificantly influence the
number of leaves harvested from Swiss chard plants,hwdocresponded with results
that were obtained earlier in Chapter 4, Section 4.212oth trials, the highest number
of leaves harvested was obtained at the highest nitrleyeh applied, namely 400 or
800 kg hd. Guilser (2005) also studied the effect of urea and ammostlphate on the
yield components of spinach. No significant differensese reported between the two
nitrogen sources, as well as the different nitrogenldewe the number of spinach leaves
harvested. The reason for these conflicting resudtg be attributed to the low nitrogen
levels applied (150 kg Ha to spinach. Results from this current study show tha
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significant differences were only distinct from 200 kg M'tapplied as urea and

300 kg N hd applied as ammonium sulphate to Swiss chard plants.

Surprisingly, there was no sign of a decrease in thé nataber of Swiss chard leaves
harvested where high levels of nitrogen (800 kd)haThis do not correspond with data
from Goh & Vityakon(1983) who reported a yield reduction at a nitrogen application
rate of 600 kg hafor spinach.

5.2.2 Leaf fresh mass

A summary of the analyses of variance that was dowketermine the effects of different
nitrogen sources and levels on the fresh mass of deat/éFordhook Giant’ plants
harvested from 8 up to 21 weeks after planting is giverablel5.7. Leaf fresh mass, as
indicated in this section, is the total of the leaf bladd the petiole, and it is expressed as

fresh mass per leaf harvested.

Table 5.7: Summary of the analyses of variances showing thigraficant effects of
nitrogen sources and levels on the leaf fresh mass of ‘Fdwdok Giant’
plants harvested from 8 up to 21 weeks after planting

Weeks after planting Nitrogen source Nitrogen level NS x NL
(NS) (NL)
8 * * *
11 * * ns
14 ns * ns
17 ns * ns
21 ns * ns
Total leaf fresh mass plant ns * ns

LSD (r<0.05)

ns = no significant differences

* = significant differences

As shown in Table 5.7 the interaction between nitrogemrceo and nitrogen level
significantly influenced leaf fresh mass at 8 weeksrgflanting. Nitrogen source did
not significantly influence the fresh mass of leavisvas only the nitrogen level where

the different nitrogen sources started to influence mdghfmass significantly (Table 5.8)
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that differed. ‘Fordhook Giant’ plants that receivedgsstum nitrate, urea ammonium
nitrate or urea as nitrogen source at 400 kg N dwad more, produced leaves with
significantly higher fresh mass than plants that dilreoeive any nitrogen. Plants that
received calcium nitrate and ammonium nitrate at 300 kg Naml more yielded
significantly heavier leaves than plants that did rexteive any nitrogen. Nitrogen
applied as ammonium sulphate only started to influencdréisé mass of Swiss chard
leaves significantly from 500 kg N Ha As was expected leaf fresh mass of ‘Fordhook
Giant’ increased with increasing nitrogen levels irrespe®f the nitrogen source. The
greatest leaf fresh mass was measured where 800 kg Wasaapplied irrespective of

the nitrogen source.

Table 5.8: Effect of nitrogen sources and levels on fresh nsmgg) per leaf harvested
of ‘Fordhook Giant’ 8 weeks after planting

Nitrogen level Nitrogen source (NS)
(NL) CO(NH)),.
(kg ha®) NH, NO; KNO3 Ca(NOs),  (NH,), SO, NH.NO. CO (NH,),
0 0.0 0.0 0.0 0.0 1.4 3.8
100 4.5 104 2.3 9.8 2.9 8.6
200 111 9.9 9.2 6.1 8.2 8.1
300 13.0 8.9 13.6 10.0 4.2 8.5
400 10.2 15.3 15.2 7.8 13.5 13.4
500 18.8 13.2 16.9 16.7 13.4 14.6
600 19.5 20.0 18.2 16.5 16.3 14.9
700 22.5 22.2 19.5 19.5 14.0 15.5
800 24.5 24.1 21.9 24.7 17.4 16.9

Nitrogen source significantly influenced the fresh nafseaves at 8 and 11 weeks after
planting (Table 5.9). At 8 weeks after planting, the eah mass was significantly
greater for plants that received ammonium nitrate (13.8 gytassium nitrate (13.7 g) as
nitrogen source than plants that received urea ammonitraten{(10.2 g). Leaf fresh
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mass of Swiss chard plants that received urea (15 g), amnmonitrate (14.6 g) or
potassium nitrate (14.7 g) as nitrogen source was signifjcgreater than plants that
received urea ammonium nitrate (11.4 g) at 11 weeks aftdingan

Table 5.9: Effect of nitrogen sources on the fresh mass (gr leaf harvested of
‘Fordhook Giant’ from 8 up to 21 weeks after planting

Weeks Nitrogen source (NS) LsD
|aﬂe-r (NHy) CO(NH>).. co N(TSSOIOS)
planting | NH,NO;  KNO;  Ca(NOy), o NHANG,  (NH2)
8 13.8 13.7 12.7 12.3 10.2 11.6 2.7
11 14.6 14.7 13.4 13.9 11.4 15.0 3.2
14 16.1 14.9 12.9 15.4 15.6 15.8 ns
17 15.2 15.1 12.6 15.2 15.8 15.7 ns
21 16.1 15.4 14.5 15.1 16.8 16.8 ns

Nitrogen level significantly influenced the fresh ma$sSwiss chard leaves harvested at
all five harvesting times irrespective of the nitrogen seyfTable 5.10). At 8 and 14
weeks after planting, all plants that received nitrogesdgpeced significantly heavier
leaves than plants that did not receive any nitrogehe Jreatest leaf fresh mass was
recorded where 800 kg N havas applied at all the harvesting times.

Table 5.10: Effect of nitrogen levels on the fresh mass (gempleaf harvested of
‘Fordhook Giant’ plants from 8 up to 21 weeks after planting

Weeks Nitrogen IeYleI (NL) LSDreo0s)
after (kg ha) B
planting NL

0 100 200 300 400 500 600 700 80D

8 0.8 6.0 8.8 9.7 12.6 15.6 17.6 18.8 216 3.6
11 0.4 3.3 9.3 10.0 12.1 17.3 21.0 23)2 2718 4.2
14 0.4 7.9 10.3 13.1 14.4 17.5 21.8 243 267 5.4
17 0.0 4.9 10.0 14.1 14.7 17.7 21.6 2416 268 5.3
21 0.0 5.0 10.2 13.7 16.7 18.3 23.4 259 278 5.5
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Nitrogen level significantly influenced the total frestass of harvested leaves for Swiss
chard plants, irrespective of nitrogen source (Table 5.The total leaf fresh mass
harvested per ‘Fordhook Giant’ plant increased from 1.7 @ kg N h& to 130.7 g at
800 kg N hd (Table 5.11). Leaf fresh mass obtained earlier andisiscl in Chapter 4,
Section 4.2.3, corresponded with these results and the gjré&stefresh mass was also
obtained at the highest nitrogen level applied (400 kg).haSimilar, results were
obtained for spinach plants by Goh & Vityakon (1983), Hiial. (1998) and Hammaet

al. (2007). The nitrogen levels where the maximum spinaeld yexpressed as fresh
mass) was measured was between 300 and 450 kg'NGwh & Vityakon, 1983).
Higher nitrogen levels (600 kg Masignificantly depressed the yield of spinach where
nitrogen was applied as potassium nitrate or urea irt doaih soil. These conflicting
results may be atttributed to differences in soil type the initial fertility of the soil used

in the different pot trials. The fresh mass of Sweisard did not show any decrease even
at very high nitrogen levels (800 kgha The same trend was observed for cauliflower
where nitrogen increased fresh mass when 0-675 kg'Nvaa applied but it decreased

again when nitrogen was further increased to 900 RgKeniszewski & Rumpel, 1998).

Table 5.11: Effect of nitrogen levels on the total leaf fresh ass (g) per plant
harvested over a period of 21 weeks of ‘Fordhook Giant’ plants

Nitrogen level (NL) Leaf fresh mass
(kg ha) (9)
0 1.7
100 27.2
200 46.6
300 60.7
400 70.5
500 86.4
600 105.0
700 116.9
800 130.7
LSDr<005NL 18.4
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As shown in Table 5.7 nitrogen source did not significanfluence the total fresh mass
of Swiss chard leaves harvested. It is only in théy séages of harvest (8 and 11 weeks
after planting) where ammonium nitrate, potassium mtrahd urea significantly
influenced the fresh mass of Swiss chard leaves, butwidssnot evident in the later
stages of harvesting. The yield of butterhead lettuce alsxs not influenced by the
different organic (castor-oil seed cake) and inorganic nitr@gerces (ammonium nitrate
and Chilean nitrate soda) (Lair@h al., 1984). Goh & Vityakon (1983) on the other
hand, reported that the yield of spinach plants expreasddp growth (g plar} was
significantly influenced by potassium nitrate comparedrtononium nitrate, ammonium
sulphate+N-serve, urea and ammonium sulphate+N-sertasguom nitrate used in a pot
trial. The yield of shallot where ammonium nitrateuoea was used as nitrogen source
was higher than where ammonium sulphate was used (Wattlet Gertsson & Ascard,
2002). Both fennel and celery did not respond to differenbgein sources concerning
yield features (Santamariet al., 1999a). Fresh mass of cauliflower leaves was
significantly greater where calcium nitrate was ussdaanitrogen source followed by

ammonium sulphate, ammonium nitrate and then urea (Kamskz & Rumpel, 1998).

5.2.3 Leaf area

A summary of the analyses of variance that was dowketermine the effects of different
nitrogen sources and levels on the leaf area per Ie&badhook Giant’ plants from 8 up
to 21 weeks after planting is given in Table 5.12. Leafaf&wiss chard in this section

refers to the leaf area (énper harvested leaf of only the blades without the petiol
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Table 5.12: Summary of the analyses of variances showing the sigrant effects of
nitrogen sources and nitrogen levels on the leaf area of harvestleaves
of ‘Fordhook Giant’ plants from 8 up to 21 weeks after plantirg

) Nitrogen source Nitrogen level
Weeks after planting NS x NL
(NS) (NL)

8 ns * ns
11 * * *
14 ns * ns
17 ns * ns
21 * * *

Total leaf area plant* * * *

LSD (r<0.0s)

ns = no significant differences

* = significant differences

As shown in Table 5.12 the interaction between nitrogamcsoand nitrogen level
significantly influenced the leaf area of ‘Fordhook Giaplants at 11 weeks after
planting. At the same nitrogen level, leaf area of sSSwihard plants did not differ
significantly amongst the different nitrogen sourcesb{@&.13). Significantly larger
leaf areas were measured from plants wh@@0 kg N hd was applied as urea or urea
ammonium nitrate>300 kg N hd as ammonium nitratez400 kg N h& as potassium
nitrate and>500 kg N hd as ammonium sulphate than of plants that did naiveany
nitrogen. Leaf area increased with increasing levelsitobgen for all the nitrogen
sources and the largest leaf area was measured at 800a&Kgfdd most nitrogen sources
except potassium nitrate, ammonium sulphate and calcitrateni Leaf area of plants
that received these three nitrogen sources tended toadecwhen the nitrogen level
increased from 700 to 800 kg “ha
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Table 5.13: Effect of nitrogen sources and levels on the leafea (cnf) per leaf
harvested for ‘Fordhook Giant’ plants 11 weeks after plantiry

Nitrogen level Nitrogen source (NS)

(NL) CO(NH)),.

(kg ha®) NH, NO; KNO3 Ca(NOs),  (NH.), SO, NH.NO. CO (NH,),

0 23 0 0 0 0 0

100 34 77 0 110 0 141
200 144 218 114 121 245 255
300 261 133 195 198 65 266
400 133 268 203 136 273 250
500 278 202 230 266 288 281
600 287 307 287 253 277 288
700 287 398 403 392 273 401
800 402 381 332 380 396 410

The interaction between nitrogen sources and nitrog@tsleignificantly influenced the
leaf area of leaves harvested of ‘Fordhook Giant’ glaatt 21 weeks after planting
(Table 5.14). At this late growing stage (21 weeks aftertipignthe same trends were
observed as were earlier (11 weeks after plantingrodd#n sources did not significantly
influence the leaf area at the same nitrogen levelalt only at different nitrogen levels
at which the nitrogen sources started to influence tiealea significantly, that differed.
Furthermore, leaf area increased with increasing nitrogyeeid and the largest leaf area
was measured where 800 kg N'haas applied for most nitrogen sources except for
potassium nitrate and ammonium sulphate that tended tceadecrwhen nitrogen
increased from 700 to 800 kgha
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Table 5.14: Effect of nitrogen sources and levels on the leafea (cnf) per leaf
harvested for ‘Fordhook Giant’ plants 21 weeks after plantiry

Nitrogen levels Nitrogen source (NS)
(NL) CO(NH)),.
(kg ha®) NH, NO; KNO3 Ca(NOs),  (NH.), SO, NH.NO. CO (NH,),
0 0 0 0 0 0 0

100 0 34 3 164 121 149
200 99 226 240 60 253 264
300 271 201 202 206 270 276
400 276 277 280 209 283 260
500 286 211 239 211 281 289
600 295 314 320 257 300 297
700 364 407 314 409 379 411
800 411 293 344 394 410 420

Nitrogen source significantly influenced the leaf aredlaand 21 weeks after planting as
shown in Table 5.15. At 11 weeks after planting, signifigalatiger leaf areas were
measured where urea (254 ¥mvas applied as nitrogen source compared to where
calcium nitrate (196 cfj or urea ammonium nitrate (193 Ymvas applied as nitrogen
source. There was however, no significant differearnengst the other nitrogen sources.
Significantly larger leaf areas were measured for plahat received urea (263 9m
compared to ammonium sulphate (212°cat 21 weeks after planting. Although not
significant, larger leaf areas were also obtained heea was applied as nitrogen

source, compared to the other nitrogen sources at 8, 1¥7amdeks after planting.
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Table 5.15: Effect of nitrogen sources on the leaf area (énper leaf harvested of
‘Fordhook Giant’ from 8 up to 21 weeks after planting

Weeks Nitrogen source (NS) LsD
after (NHs),  CO(NHy),. Cco N(TSSO'OS)
planting | NH4NO; ~ KNO3;  Ca(NOs), SO, NH.NO, (NH,),
8 219 216 217 213 212 246 ns
11 213 220 196 206 193 254 52
14 224 193 194 213 223 242 ns
17 218 211 189 212 230 244 ns
21 222 218 215 212 255 263 49

As shown in Table 5.16 the leaf area measured increagédivereasing levels of

nitrogen at all five harvesting times. At 8, 14 and 21 wedtes planting, all the plants

that received nitrogen produced significantly larger leaharthan plants that did not

receive any nitrogen. At 11 and 17 weeks after plantingsainee trend was observed

except that it was only from 200 kg N'hthat leaf area was significantly larger than that

of plants that received no or 100 kg N'haThe largest leaf area was recorded where
800 kg N hd was applied at 8, 11 and 14 weeks after planting. At 12&anckeeks after

planting, leaf area tended to decrease when nitrogezislamcreased from 700 to
800 kg h&.

Table 5.16: Effect of nitrogen levels on the leaf area (énper leaf harvested of
‘Fordhook Giant’ from 8 up to 21 weeks after planting

Weeks Nitrogen IeYleI (NL) LSDr0s
after (kg ha) -
planting NL

0 100 200 300 400 500 600 700 80p

8 16 102 175 208 243 235 27(¢ 320 415 70
11 4 61 183 186 210 244 283 371 381 69
14 4 103 169 225 228 250 272 324 356 77
17 0 71 162 244 225 251 275 36¢ 36p 76
21 0 78 190 237 264 253 297 381 379 65

PDF Created with deskPDF PDF Writer - Trial :: http://www.docudesk.com



72

The total leaf area per plant was significantly inflcessh by the interaction between
nitrogen source and nitrogen level over the 21 week perioolg Fal12). As shown in
Table 5.17 the total leaf area of ‘Fordhook Giant’ plamsrdased with increasing
nitrogen level for most of the nitrogen sources. Thal teaf area for ‘Fordhook Giant’
plants where urea was supplied increased from 68 to 2976vhen the nitrogen level
increased from 0 to 800 kg ha The same trend was observed for the other nitrogen
sources except for potassium nitrate which showed a decndsen nitrogen increased
from 700 kg ha (1810 cn) to 800 kg h& (1661 cm). At the same nitrogen level the
different nitrogen sources did not significantly influertbe total leaf area, except at
800 kg hd with urea as nitrogen source where the leaf area (2976veams significantly
larger than plants that received nitrogen as calciunatgit(1659 cff). The nitrogen
level at which the nitrogen sources started to influeheddtal leaf area of Swiss chard
plants also differed amongst the sources. Ammoniuphate significantly influenced
the leaf area already at 100 kg N‘haPotassium nitrate, calcium nitrate, urea ammonium
nitrate and urea started influencing the leaf area significat 200 kg N ha and
ammonium nitrate at 300 kg N'ha

Table 5.17: Effect of nitrogen sources and levels on the totiaf area (cm?) per
‘Fordhook Giant’ plant

Nitrogen level Nitrogen source (NS)

(k(gNrt,i.l) NH, NO; KNO5 Ca(NOs),  (NH4), SO, C&Tﬁéf‘ CO (NH,),
0 45 0 0 0 31 68
100 126 352 47 804 358 802
200 653 1034 865 416 1197 1094
300 1322 854 1039 1128 991 1284
400 1165 1363 1170 894 1114 1326
500 1399 962 1265 1169 1269 1346
600 1379 1505 1468 1327 1434 1318
700 1777 1810 1609 1819 1618 1953
800 1998 1661 1659 1960 2023 2976
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Different nitrogen sources did not have a consistenienite on the leaf area of Swiss
chard plants. In general, there was no significamdtand it was only at 800 kg N ha
where urea did influence the leaf area significantiyngared to calcium nitrate, while no

significant differences existed amongst the other nitregemces.

Again, the nitrogen level influenced the leaf area sicguiftly, which is in agreement
with earlier results discussed in Chapter 4, Sectiod 4Bere the highest nitrogen level
produced leaves with the largest leaf area. Gulser (208b)yegorted an increase in leaf
area of spinach with an increase in nitrogen levehitkbgen levels as low as 150 kg'ha
leaf area was significantly influenced where ammoniumhsug and urea were used as
nitrogen source and this corresponded with the resulthi®fstudy where significant
reaction was obtained for Swiss chard plants at 100 kgNfdr these two nitrogen
sources. Nitrogen applied as ammonium sulphate and weaighificantly influenced
leaf area of spinach plants (Gulser, 2005). Leaf afrepinach plants that received urea
as nitrogen source was significantly larger than the daf of plants that received
ammonium sulphate. Although not significant, the saemdtmwas observed in this study

for most nitrogen levels.

5.2.4 Leaf dry mass

A summary of the analyses of variance that was dowketermine the effects of different
nitrogen sources and levels on the dry mass of ‘Fordhaakt’Geaves from 8 up to 21
weeks after planting is given in Table 5.18. Leaf dry nra$isis section refers to the dry

mass of the leaf blade without the petiole.
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Table 5.18: Summary of the analyses of variances showing the sigrant effects of
nitrogen sources and nitrogen levels on leaf dry mass ‘Fordlok Giant’
plants from 8 up to 21 weeks after planting

Weeks after planting | Nitrogen source (NS) Nitrogen level (NL) NS x NL
8 ns * *
11 * * *
14 ns * ns
17 * * *
21 ns * ns
Total leaf dry mass plant* * * ns
LSD (r<0.0s)

ns = no significant differences
* = significant differences

The interaction between nitrogen source and nitrogen $agrificantly influenced the
leaf dry mass at weeks 8, 11 and 17 after planting. lea érom Tables 5.19, 5.20 and
5.21 that nitrogen increased the dry mass of Swiss chawvddeharvested irrespective of
the nitrogen source. The greatest dry mass for Swiasd civas obtained where
800 kg N hd was applied and there was no evidence of a decrease madiy even at

very high nitrogen levels (800 kg ha
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Table 5.19: Effect of nitrogen sources and nitrogen levels omé dry mass (g) of
harvested leaves of ‘Fordhook Giant’ plants 8 weeks after ahting

Nitrogen level Nitrogen source (NS)
(NL) CO(NH)),.
(kg ha®) NH, NO; KNO3 Ca(NOs),  (NH.), SO, NH.NO. CO (NH,),

0 0.0 0.0 0.0 0.0 0.2 0.7

100 0.6 1.0 0.0 1.0 0.3 1.0

200 1.8 1.3 1.3 0.5 1.3 0.8

300 2.0 1.0 1.8 1.0 0.5 1.5

400 2.0 3.0 2.3 15 2.5 2.5

500 3.8 2.8 3.3 3.8 2.3 3.5

600 4.3 4.5 4.8 4.0 4.8 4.3

700 5.3 4.5 4.8 5.0 5.8 5.3

800 6.3 7.0 6.5 7.0 7.5 8.0

Nitrogen source significantly influenced the dry mass ovdsted leaves only at 11 and
17 weeks after planting (Table 5.20 and 5.21). At 11 weeks adtieting the dry mass of
harvested leaves was significantly higher where nitrajeB00 kg hd was applied as

potassium nitrate (8.3 g) than where urea ammonium niabeg) was. At 17 weeks
after planting, leaf dry mass of plants that receia@iimonium sulphate (7.5 g) was
significantly higher than where potassium nitrate (5.0 ggadcium nitrate (5.0 g) was
applied.
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Table 5.20: Effect of nitrogen sources and nitrogen levels omé dry mass (g) of
harvested leaves of ‘Fordhook Giant’ plants 11 weeks after @hting

Nitrogen level Nitrogen source (NS)
(NL) CO(NH)),.
(kg ha®) NH, NO; KNO3 Ca(NOs),  (NH.), SO, NH.NO. CO (NH,),

0 0.3 0.0 0.0 0.0 0.0 0.0

100 0.3 0.5 4.9 0.5 4.8 0.3

200 1.3 1.5 1.3 0.8 1.3 1.8

300 2.0 0.3 1.0 1.3 0.3 1.5

400 1.0 3.0 1.8 1.3 1.3 2.0

500 2.3 2.0 2.3 2.8 2.0 4.0

600 4.0 3.5 3.3 4.5 4.5 4.5

700 4.8 4.8 4.5 4.5 4.5 5.0

800 7.0 8.3 7.5 6.8 6.0 7.0

The nitrogen level at which the different nitrogen sosiratarted to significantly
influence the leaf dry mass was not consistent at18and 17 weeks after planting.
Ammonium sulphate was the only source that startedntimence the dry mass
significantly from 500 kg N ha at all three mentioned harvesting times. Ammonium
nitrate influenced the dry mass significantly from 300 kg N dts8 weeks after planting
and from 600 kg N hhat 11 and 17 weeks after planting. Potassium nitrafejum
nitrate, urea and urea ammonium nitrate all startedfiwence the dry mass significantly
at 400 kg N hd at 8 weeks after planting (Table 5.19) and at 11 and 17 vadks
planting the nitrogen level had increased to between 500 ankbeitd} (Tables 5.20 and
5.21).
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Table 5.21: Effect of nitrogen sources and nitrogen levels omé dry mass (g) of
harvested leaves of ‘Fordhook Giant’ plants 17 weeks after @hting

Nitrogen level Nitrogen source (NS)
(NL) CO(NH)),.
(kg ha®) NH, NO; KNOs;  Ca(NOs),  (NHi), SO, NH.NO. CO (NH,),

0 0.0 0.0 0.0 0.0 0.0 0.0

100 0.0 0.3 0.0 0.8 0.5 0.8

200 0.5 2.0 1.3 0.5 1.8 1.0

300 2.0 1.5 0.8 2.0 1.3 1.0

400 1.8 3.0 1.5 2.3 1.3 3.0

500 2.0 1.5 3.0 3.0 3.5 3.5

600 4.3 5.0 4.0 5.0 4.8 4.8

700 5.8 4.5 4.5 4.8 4.8 5.0

800 6.3 5.0 5.0 7.5 6.5 5.8

As shown in Table 5.22, nitrogen source only influenced tlyenthiss of ‘Fordhook
Giant’ leaves harvested at 11 and 17 weeks after planfihd.l weeks after planting, a
significantly greater dry mass was measured for ‘Fordiemkt’ leaves that received
potassium nitrate or urea than plants that receivedamsaonium nitrate. The dry mass
of Swiss chard leaves that received ammonium sulpirateea as nitrogen source was
significantly greater than leaves from plants thaeneed calcium nitrate (17 weeks after
planting). Although not significant, the greatest ldaf mass was obtained where urea
was applied as nitrogen source for most harvesting tiexegpt at 17 weeks after
planting where the greatest dry mass was obtained lraves that received ammonium
sulphate.
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Table 5.22: Effect of nitrogen sources on the dry mass (g) pégaf harvested of
‘Fordhook Giant’ plants from 8 up to 21 weeks after planting

Nitrogen source (NS)
VZﬁglr(s CO(NH),) P
A (NH4)2 2)2- cO NS
NH,4 NO KNO Ca(NO
planting 4NO; 3 (NOs)2 SO, NH.NO, (NH,),
8 2.8 2.7 2.7 2.6 2.7 3.8 ns
11 2.6 2.7 2.4 2.5 2.2 2.9 0.5
14 25 2.2 2.2 2.4 2.6 2.7 ns
17 25 25 2.2 29 2.5 2.8 0.6
21 2.6 2.6 25 2.6 2.8 2.9 ns

As shown in Table 5.23, the leaf dry mass increased witeaseg nitrogen level at all

five harvesting times irrespective of the nitrogen seurAt all harvesting times the dry
mass of plants that received 200 kg N'ba more was significantly higher than plants
that did not receive any nitrogen. The greatest dry mask fate harvesting times was

measured where 800 kg Nhevas applied.

Table 5.23: Effect of nitrogen levels on the dry mass (g) ofalvested leaves of
‘Fordhook Giant’ from 8 up to 21 weeks after planting

Weeks Nitrogen IeYleI (NL) LSDreo0s)
after (kg ha) B
planting NL

0 100 200 300 400 500 600 700 80p

8 0.1 0.6 1.1 1.3 2.3 3.2 4.4 5.0 7.0 0.6
11 0.0 0.3 11 1.3 1.7 2.6 4.0 4.7 7.0 0.7
14 0.0 0.6 1.2 15 2.5 29 3.7 4.4 5.3 0.8
17 0.0 0.4 1.2 1.4 2.1 2.8 4.6 4.9 6.( 0.8
21 0.0 0.6 1.4 1.7 2.3 2.4 3.9 5.4 6.4 1.0

Nitrogen source significantly influenced the total dryssaf harvested leaves of Swiss
chard plants (Table 5.18). The total dry mass of leaveses$ted where urea (14.4 Q)
was applied was significantly greater than where calcnirate (11.9 g) was applied
(Table 5.24). No significant differences exists@abgst the other nitrogen sources.
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Table 5.24: Effect of nitrogen sources on the total leaf dry nss (g) per plant

harvested of ‘Fordhook Giant’ plants over a period of 21 weeks

Nitrogen source Leaf dry mass
(NS) (9)
NH, NOs 13.1
KNO; 12.8
Ca(NOs), 11.9
(NH,), SO, 13.1
CO(NH),. NH4NO3 13.0
CO (NHy), 14.4
LSD<005NS 2.0

Nitrogen level significantly influenced the total dry mask harvested leaves of

‘Fordhook Giant’ plants (Table 5.18). The total dry mafskaves harvested increased
from 0.2 g at &g N ha' to 31.8 g at 800 kg N Ha(Table 5.25). Plants that received
nitrogen at 200 kg N Haand more, produced leaves with a significantly greater doya

mass than plants that did not receive any nitrogen or 100Hdf. Again high nitrogen

levels did not negatively influence the total dry masSwiss chard leaves.

Table 5.25: Effect of nitrogen levels on the total leaf dry mas(g) per plant

harvested of ‘Fordhook Giant’ plants over a period of 21 weeks

Nitrogen level (NL)

Leaf dry mass

(kg ha) (9)
0 0.2
100 2.6
200 6.2
300 7.1
400 10.8
500 13.8
600 20.8
700 24.3
800 31.8
LSDr<0.0sNL 2.6

Nitrogen source influenced the dry mass of harvested deafvé-ordhook Giant’ plants

only at 11 and 17 weeks after planting. Increased nitrteyats significantly increased

the dry mass of ‘Fordhook Giant’ leaves. These resuéissimilar to the earlier results
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discussed in Chapter 4, Section 4.2.5. In both pot trialsitthest nitrogen level applied
(400 or 800 kg HY) resulted in the greatest dry mass of leaves. Tiessdts emphasise
the essential role of nitrogen in plant growth and qualidammadet al. (2007) also
studied the influence of ammonium nitrate applied at fowel$e(0, 40, 60 and 80 kg N
ha'), and also different ratios of ammonium and nitraimisined together on spinach.
The author stated that nitrogen source and nitrogen lefleénced dry mass of spinach
leaves. Dry mass of lettuce was also influenced bgpgen level and nitrogen source.
The greatest dry mass for lettuce was obtained whereoaimm sulphate was applied as
nitrogen source followed by calcium nitrate and then by (&ba-Rayyan, Kharawish &
Al-Ismail, 2004).

5.2.5 Leaf nitrate content

A summary of the analyses of variance that was dowketermine the effects of different
nitrogen sources and levels on the nitrate content (Y &f ‘Fordhook Giant’ leaf
blades based on dry mass (DM) is given in Table 5.26.

Table 5.26: Summary of the analyses of variances showing the sigrant effects of
nitrogen sources and nitrogen levels on the nitrate contentmg kg™
DM) of harvested leaves of ‘Fordhook Giant’

i Nitrogen source Nitrogen level
Nutrient NS x NL
(NS) (NL)
Nitrate (NO3) * * *

LSD (r<0.05)
ns = no significant differences
* = significant differences

As shown in Table 5.26, the interaction between nitrogemce and nitrogen level
significantly influenced the nitrate content of SwissrdiHaaves. Ammonium nitrate and
potassium nitrate were the only two nitrogen sources digaiificantly influenced the
nitrate content of the leaves (Table 5.27 and Table 5.28% nitrate content of leaves
that received ammonium nitrate increased from 2.0 m§ Wwhere no nitrogen was
applied to 783.3 mg kwhere 800 kg N hawas applied. Where potassium nitrate was
applied the nitrate increased from 2.0 mg @ 613.3 mg kg at the same nitrogen level.
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Interestingly, the nitrate content of plants thatereed calcium nitrate increased only
from 1.3 mg kg where no nitrogen was applied to 8.0 mg" keghere 800 kg N hawas
applied. Furthermore, no significant differences o@imhere nitrogen was applied as
ammonium sulphate, urea ammonium nitrate or urea, irregpexf the nitrogen level.
Although not significant, the nitrate content of platitat received ammonium sulphate,
urea ammonium nitrate or urea as nitrogen source tendedréase with an increase in
nitrogen but started to decrease if the nitrogen levelimasased further. The highest
nitrate content for ammonium sulphate was observém@tkg N h&, urea ammonium
nitrate at 700 kg N haand urea at 300 kg N fha Nitrate content of leaves significantly
increased when ammonium nitrate or potassium nitrate ypked at 500 kg N ha

compared to plants that did not receive any nitrogen.

Table 5.27: Effect of nitrogen sources and nitrogen levels on ehnitrate content
(mg kg* DM) of the leaf blades of ‘Fordhook Giant’ plants

Nitrogen level Nitrogen source (NS) (mg kg)
(NL) CO(NH)),.
(kg ha®) NHNO; KNO3 Ca(NOs),  (NH4),SO, NH.NO. CO(NH,),
0 2.0 2.0 1.3 2.8 1.3 2.8
100 88.5 95.0 4.3 5.8 3.3 2.6
200 163.9 116.2 3.6 5.3 3.3 2.0
300 172.3 181.0 34 4.3 24 6.0
400 276.1 114.8 3.1 2.5 3.7 2.8
500 364.8 497.5 2.7 6.3 24 34
600 306.4 516.9 6.1 3.7 2.7 3.1
700 395.3 425.5 7.5 2.3 5.3 3.1
800 783.3 613.3 8.0 2.8 2.3 2.8
LSD(r<0.0sNS x NL 280.8

Different nitrogen sources significantly influenced theusmulation of nitrate in spinach
plants especially when the nitrate content in theogén source increased (Hammad
etal., 2007). Results obtained by Vulsteke & Biston (1978) shomeedsignificant
difference in the nitrate content of canned celery betwdifferent nitrogen sources
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(ammonium nitrate, calcium nitrate and sodium nitratb)clv do not correspond with
data of this study on Swiss chard where ammonium nitrate Galcium nitrate
significantly influences the nitrate content comparéhwthe other nitrogen sources.
Venter & Fritz (1979) interestingly, also found no differesan the nitrate content of
kohlrabi tubers that received calcium nitrate or ammonrsuifphate as nitrogen source
which correspond with our results. The nitrate contdriettuce was found to be the
highest where calcium nitrate was used as a nitrogen stlimeed by urea and then
ammonium sulphate (Abu-Rayyahal., 2004). The nitrate content of cauliflower curds
was also significantly lower where urea was appliechis®gen source compared to
ammonium sulphate, ammonium nitrate and calcium nitfléeaiszewski & Rumpel,
1998).

Table 5.28: Effect of nitrogen sources on the nitrate conterfing kg* DM) of the leaf
blades of ‘Fordhook Giant’ plants

Nitrogen source Nitrate content
(NS) (mg kg" DM)
NH4NO; 283.6
KNO3; 284.7
Ca(NOy), 4.4
(NH4),SO, 4.0
CO(NH,),.NHsNO; 3.0
CO(NH,), 3.2
LSD(r<0.05)NS 65.4

The nitrate content of Swiss chard leaves increased inatleasing level of nitrogen
(Table 5.29). Schuphaat al. (1967); Cantliffe (1973a), Voghtmarah al. (1984), Elia

et al. (1998) and Hammaet al. (2007) all reported an increase in the nitrate content with
increase in nitrogen levels for spinach leaves and soulgtéke & Biston (1978) for the
pods of snap beans and canned celery. This was alsortthe fatrate content of lettuce
(Lairon et al., 1984), cabbage (Turan & Sevimli, 2005) and turnip greens (\&eah,
1998). Nadasy (2002) reported that ammonium nitrate and cafdfitate and to a lesser
extent ammonium sulphate increased the nitrate coofeht leafy stems of green peas

PDF Created with deskPDF PDF Writer - Trial :: http://www.docudesk.com



83

at maturity. Turan & Sevimli (2005) reported that potassiutratei and ammonium
nitrate increased the nitrate content of cabbage much than ammonium sulphate and

urea which correspond with the results of this study.

Table 5.29: Effect of nitrogen levels on the nitrate contennfg kg™ DM) of the leaf
blades of ‘Fordhook Giant’ plants

Nitrogen level (NL) Nitrate content
(kg ha) (mg kg* DM)
0 2.0
100 33.3
200 49.0
300 61.6
400 67.2
500 146.2
600 139.8
700 139.8
800 2354
LSD(r<0.05)NL 87.4

5.3 CONCLUSIONS

Nitrogen fertiliser did have a distinct influence om thield and quality of ‘Fordhook
Giant’ plants. Higher nitrogen levels increased thelmer of leaves harvested, leaf fresh
and dry mass, leaf area and the nitrate content ofetinee. Surprisingly, all these
parameters increased with increasing nitrogen levels thete were no signs of a
decrease in any of these parameters at the high nitregels used in this trial. For all

the measured parameters, 800 kg Nd®ve the best results for Swiss chard plants.

The different nitrogen sources used did not differ sigaiftly from one another at the
same nitrogen level. It was in most cases only the gatrdevel where where the
different sources started to significantly influence tbaf area and the total number of
leaves harvested that differed. Although not significdre most number of leaves per

plant was harvested where ammonium nitrate was usedragem source followed by
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ammonium sulphate, urea ammonium nitrate, and urea, vghpagassium nitrate and

calcium nitrate produced the least number of leaveplpat.

Leaf fresh mass was not significantly influenced by ritheogen source but the highest
leaf mass was measured where ammonium nitrate was cpgsienitrogen source
followed by urea, potassium nitrate, ammonium sulphate, amgaonium nitrate and
lastly calcium nitrate. It was only the dry massesJes that received urea as nitrogen

source that was significantly greater than leavesrdtatived calcium nitrate.

The greatest total leaf area per plant was measurece whea was applied as nitrogen
source followed by urea ammonium nitrate, ammonium nitratemnonium sulphate,

potassium nitrate and then finally the least leaf ar@amweasured for calcium nitrate.

Different nitrogen sources significantly influenced the atér accumulation in Swiss
chard leaves where ammonium nitrate or potassium nitwvate applied. Urea, urea
ammonium nitrate, ammonium sulfate, potassium nitrate cahcium nitrate did not

stimulate the accumulation of nitrate in the leaaeSwiss chard.
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CHAPTER 6

SUMMARY AND RECOMMENDATIONS

6.1 SUMMARY

Swiss chard is known as a vegetable with high nutritioafde and one of the most
underestimated vegetables that could play a much moretampoole in the diets of both
people in developed countries, as well as the poor inla@ag countries in Africa.
Swiss chard is grown for its bright green leaves andasvkras a very nutritional crop.

Leafy vegetables are known to react positively taligger, especially nitrogen. Nitrogen
plays an essential role in the green colour and vegetowth of crops. For this reason
growers tend to apply much more nitrogen than the optimgommended for ensuring

high yields. Excess nitrogen does not only influence @@ ment negatively but also
impacts on the quality of Swiss chard because it stteslthe accumulation of nitrate in
the plants. The quality of Swiss chard is not only assediwith the fresh mass of the
leaves leaf size (leaf area) and dry mass, but gsiafleienced by the nitrate content of
the leaves. High nitrate levels in Swiss chard leaveshazardous to the health of
humans. The quality of Swiss chard can be improved bydenpihe petioles of the

leaves and using only the blades because the petioles @ateimore nitrate than the
blades.

The management of nitrogen fertilisation for sustainafelgetable production is very
important. This does not only include the optimum nitrogeel for high yields of good
quality, but also the choice of nitrogen source that mélyence the quality of the
produce. The timing of nitrogen application is also an @b part of fertilisation
management which allows for the availability of fesef when the crop needs it and
prevents the unnecessary losses to the environment, infigethe quality of ground
water negatively. Cultivars may also react diffeketd fertilisation and need to be taken

into account when managing fertilisation.
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The objective of Swiss chard production should thus batteon high yields of a good
quality by applying optimum nitrogen and not in excess, togmntethe accumulation of
nitrates in the plant as well as not to influence tharenment negatively. The objective
therefore of this study was to quantify the effect ofogjen fertilisation on the growth,
yield and quality of Swiss chard. In order to achieve this, pot trials were conducted
in the greenhouse.

First pot trial

This trial was conducted to determine the response ofSumies chard cultivars namely:
‘Fordhook Giant’ and ‘Rhubarb’ to five different nitroglvels (0, 50, 100, 200 and 400
kg ha') applied at four different application times;(T>, Ts and T).

The two Swiss chard cultivars did not differ in the#sponse to nitrogen level and
application time during the first six weeks after plagtin Total number of leaves

harvested per plant, total leaf fresh mass per plahakso the total leaf area per plant did
not differ between the two cultivars. It was only tb&al dry mass per plant and total
nitrogen content per leaf of ‘Rhubarb’ plants that \wasater than that of ‘Fordhook

Giant’. Differences observed between the two culsvean be attributed to the longer
growth period of ‘Rhubarb’ compared with that of ‘Fordhod&r.

Nitrogen levels significantly influenced the early growttumber of leaves harvested,
leaf area, fresh and dry mass of harvested leaveslsmdha nitrogen content of Swiss
chard leaves. Higher nitrogen levels positively infllezhall the yield and quality

parameters measured.

Interestingly, nitrogen application times significantifluenced only the early growth of
Swiss chard plants and the nitrogen content of leauearly plant growth reacted better
where nitrogen was split into fewer applicationg)(TThe number of leaves, leaf fresh
and dry mass and leaf area in the later stages of h@idand 17 weeks after planting)
seem to react better to nitrogen that was split int@dual applications ¢). The total
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nitrogen content of Swiss chard leaves was signifigamgher where nitrogen was split

up into five equal (3) or three equal (i) applications.

Second pot trial

This trial was conducted to determine the response ofsSstiard cultivar ‘Fordhook
Giant’ to six different nitrogen sources (ammonium béyacalcium nitrate, potassium
nitrate, ammonium sulphate, urea ammonium nitrate and apgdied at nine different
nitrogen levels (0, 100, 200, 300, 400, 500, 600, 700 and 800%%g ha

Nitrogen fertiliser positively influenced the numbdrleaves harvested, leaf fresh and
dry mass, leaf area and nitrate accumulations positivel parameters measured
increased with increasing nitrogen level and no data ireticany negative influence on
any one of the parameters measured, even under the géarypitriogen levels applied in

this pot trial.

Nitrogen source did not influence either the total nunatbéeaves harvested nor the fresh
mass of harvested Swiss chard leaves. In both casespnium nitrate gave the best
results and calcium nitrate the poorest. Urea infledrthe leaf area positively followed
by urea ammonium nitrate, with calcium nitrate resultimghe smallest leaf area per
plant. Dry mass was also significantly greater wheesa was used as nitrogen source
compared to where calcium nitrate was used. No significiferences occurred

amongst the other nitrogen sources.

The nitrate concentration of leaves was significamfiluenced by the nitrogen source.
Ammonium nitrate and potassium nitrate stimulated themaatation of nitrate in Swiss
chard leaves, whereas the other nitrogen sources didplagt any role in nitrate

accumulation in the blades of Swiss chard leaves.
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6.2 RECOMMENDATIONS

Based on results of these two pot trials the followspmmendations can be made with

respect to nitrogen fertilisation of Swiss chard plants:

» Characteristics of Swiss chard cultivars such as thgtheof the growth period

should be taken in to account when nitrogen applicatioisides are made.

» Considering the different responses of the differemampaters measured for
nitrogen fertilisation, it seems that the best resaesobtained at nitrogen levels
between 700 and 800 kg haaking environmental and economic factors into

account.

* The best response to nitrogen fertilisation was olbdameere nitrogen was split
into three or five equal applications throughout the growaagson of Swiss

chard.

* In an attempt to improve the quality of Swiss chard leares also taking into
consideration the response of different parameters fereiit nitrogen sources, it
is recommended that using ammonium nitrate or potassiuntendsa nitrogen
source should be avoided and that instead urea, ammoniutmatgulpr urea

ammonium nitrate be used.

* Yield parameters did not respond well to calcium nitrated it is not

recommended for use on Swiss chard.

In retrospect, only a few aspects of the fertilisabdiswiss chard were addressed in this
study and the following warrants further investigation:

» The response of Swiss chard to even higher nitrogetslevebtain a proper crop

response curve to establish an optimum nitrogen level.
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» The response of Swiss chard to different ratios of amum to nitrate
applications.

» The effect of the interaction between nitrogen and pharsigh as well as nitrogen
and potassium on Swiss chard growth.
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