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ÀBSTRÀCT

Wamuongo, J.W. M.Sc., The University of Manitoba, November 1986. The

Effect Nitroqen and Water Stress on the Growth, Seed Yield and lhe Dis-

tribution of Nitroqenous Compounds in Rapeseed ( Bra ss ca napus t. ). l¿a-

jor Professor: Dr. C.E. Palmer.

The effect of water stress and nitrogen fertilizer application on ra-

peseed Brassica napus L. ), cultivar Westar vlas investigated in a study

conducted in the greenhouse of the Department of Plant Science at the

University of l¡anitoba.

It was found that rapeseed growth, especially plant height and seed

yield was greatly affected by water stress especially when N fertilizer
was applied. Maximum number of leaves on the main stem was not signifi-

cantly affected by lack of N, imposition of water stress or a combina-

tion of both.

Organic N accumulation (njetAairt N) in all plant parts was highest

when N fertilizer was applied and plants were also water stressed. Most

of the N in the leaves during the vegetative growth phase of the plants

was remobilized to the developing pods and seeds as the plants entered

the reproductive growth phase

Stem dry matter accumulation was more sensitive !o water sÈress than

!o the N treatments during the vegetative growth phase. There was little

or no evidence of stems translocating any of their assimilates to the

developing pods and seeds during the reproductive growth phase.

- IlI _



During the plants vegetative growlh phase, most of nitrogenous

material was in the form of nitrate-N (HOg-H) and a smaller portion as

amino-N. teaves had lower amounts of NOs-N than stems. The reproductive

organs contained more amino-N than the stems. Mature seeds did not con-

tain any detectable amounts of NO¡-N and contained very low amounts of

ami no-N .

The plants needed large amounts of water to produce one gram of dry

matter (water use inefficiency) as compared to field conditions. The

plants that were r+ater stressed were particularly inefficient, twice as

inefficient as the well watered plants.

- IV -
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Chapter I

INTRODUCTION

Growth and yield of most crops depend strongly upon the availability

of nitrogen and water during the growing season. Water is the limiting

factor in many of the existing agricultural- areas of the world. Where

water is not 1ímiting, nitrogen and phosphorous are probably the two

plant nutrients that most limit dry weight accumulation.

Plant water status is the amount of water in a plant relative to its

requirement (Spomer 1985). Plant water status is probabJ.y best charac-

terized by a combination of its physiochenical availability for plants

functions, amount present, and movement through the systen (Kramer

1972), where physiochemical availability relates to absolute availabili-

ty or energy aspects of the plant water status (loyer 1 969 ) . l'rater

stress is the state when the supply is inadequate, and it is accompanied

by the inhibition of plant growth and yield reductions.

Water novement in the soil-plant-atmosphere system is due to differ-

ences in the free energy content (capacity to do work) of water in dif-

ferent parts of the system. The free energy of water in a well-watered

plant decreases progressively as it passes from the soil through the xy-

Iem and the leaf lo the free atmosphere (nrizek 1985). As a result, wâ-

ter flows from the soil through lhe plant to the air in response to the

gradient in free energy.
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The free energy content of water is usually expressed as water poten-

tial. For the sake of simplicity, water potential may be defined as the

free energy per unit volume of water. The potential of pure water may be

assumed as zero at ambient temperature and atmospheric pressure (nitter

and Hay 1981). Water potential is nearly always negative in all parts of

the soil-plant-atmosphere system. Usually, it is most negative in the

atmosphere anri least negative in the soil. Às a consequence' the net

movement of water is nearly always away from the soil through the plant

and into the atmosphere, that is towards regions with more negative val-

ues (nitter and Hay 1981, Turner and Begg 1981).

Water potentials of the soil and the plant are nost useful for the

studying of the fluxes of water between the soil and the atrnosphere, and

they are related to the rates of metabolism in plants but the relation

is often indirect (Squire et al 1981). The mineral nutrition of plants

is greatly affected by soil moisture, from saturation to the field ca-

pacity. teaching and loss of soluble material from the soil occur during

downward drainage and after the field capacity condition is attained,

moisture depletion is largely brought about by the plant root exlrac-

tion.

Nitrogen is one of the plant nutrients that strongly affect growth

and yields of crops, I.rhile reduced carbon provides the energy for all

life, nitrogen must be viewed as the central efement because of its role

in substances such as proteins and nucleic acids which form the living

material (Novoa and Loomis 1981).
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Numerous studies have been conducted on the influence of nitrogen and

water on grain production (viets 1965, Russell 1973). Nutrient and water

absorption are independent processes in the root but the necessity for

available water in both the plant and the soil for growth and nutrient

transport makes them intimately related.

Growth and yield of a crop are the result of the interactive response

of the plant to the weather and soil factors (Spiertz and Vos 1983).

Assuming optimum crop protection, crop grov¡th is governed by enviromen-

taI conditions and availability of water and nutrients.

Nitrogen fertilizer and water stress increase the protein content of

wheat (oubetz and Gardiner 1980), and various enzymatic functions are

altered (nhindsa and Cleland 1975) by water stress. The amino acid com-

position of various plant species (Barnett and Naylor 1966) are influ-

enced by water stress, and higher concentrations of Kjedhal N have been

reported in cereals (Viets 1965), and in ta11 fescue (Be1esky et a1

1982). Nitrates also accumulate in tissues of water stressed plants

(wrigtrt and Davidson 1964).

In wheat, when N is limiting much of it moves from the vegetative

parts to the grain (Spratt and Gasser'1970), but when it is not, more

remains in the straw and lhe percentage of N in both the straw and the

grain may be increased.

Rapeseed is a crop that is highly adaptable to a wide range of cli-
matic conditions and daylengths. It can be grown satisfactorily on most

well drained soils but sandy soils are however unsuitable because of the

severe check to growth that a serious moisture deficit can cause (Ho1mes
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1980). Rapeseed does not grow well on saline or alkaline soils either

(Holmes 1980). The quality of rapeseed may be influenced by seeding

date, and Christensen et aI (1985) and Gross (1966) have shown that de-

layed seeding results in a decreased oil content, and an occasional in-

crease in protein (Cnristensen et al 1985).

The synthesis and/or deposition of seed storage proteins, lipids, and

carbohydrates in rape occur during the 6 to I weeks between flowering

and maturity (ninlayson and Christ '197'l ). It is actually not known when

the storage proteins in rape are deLectable in the immature seed, but it

is however known that there is an increase in both seed nitrogen eonLent

and seed weight as maturity is reached (rinJ.ayson and Christ 1971).

The free amino acid contents of the seed are all uniformly Iow, rang-

ing fron 2% (16 days after flowering) to 0.2% (43 days) of the total ni-

trogen (rinlayson and Christ 1971). The three amino acids, aspartic

acid, serine and glutamine are however found in much larger amounts than

the olher protein amino acids (rinlayson and Christ 1971). It appears

that there âre only small amounts of free amino acids found at any one

Èime in the immature seed because of the demands of protein synthesis

(rinlayson and Christ 1971).

Patterns of changes in nitrogen content of most of the oilseed rape

plant parts are generally similar with the exception of seeds, where the

N content decreases with time (nood et al 1984a). Generally the total

plant N content drops with decrease in the weight of the stems, leaves

and pods (Rood et al 1984a).
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The purpose of this study was to assess the response of rapeseed to

moisture stress with reference to nitrogen nutrition, determine how both

nitrogen and water stress affect the nitrogen content of the different

above ground plant parts at different growth stages (Harper and Berken-

kamp 1975) and through fractionation studies determine if there is pref-

erential accumulation of certain N compounds, namely nitrate-nitrogen

(HO¡-H) or amino-nitrogen (amino-N) in the different plant parts at the

different growth stages.
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Chapter II
tITER.âTURE REVIEII

In soils, water in the potential range of 0.1 to -.10 bars is essen-

tial for every process promoLing nutrient availability, from the reac-

lion affecting their concentration in the soil solution through their

transport by diffusion and mass flow to the root surface, to their ab-

sorption by the root (viets 1965).

Nutrient availabiJ.ity for most nonhydrophytes is highest when the

soil water potential is near field capacity (viets 1965). Field capacity

is generally defined as the water the soil will hold against percolation

after several days of drainage. Field capacity may range from 0.1 to 0.3

bars of suction and up to 0.6 bars in clay soils.

It is generally recognized that in order to increase food production

substantial-ly, increasing fertilizer applications, often combined with

irrigation, are necessary. However with increasing yields of crops,

their nutritional value as a food or feed, and how it is influenced by

fertilizers and other environmental factors is of great importance. It

has been shown for example that nitrogen fertilizers, while influencing

the percentage of protein in cereal grains, also affects the amino acid

composition and protein quality (Eppendorfer et al 1985).

6
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2,1 T{ÀTER ÀND PüÀNT GROIÍIH

Water forms the greatest part of every Iiving ceI1, where it is the

constituent of protoplasm and of the proteins and nucleíc acids as bound

water (Treshow 1970). Water is also a major reagenl for numerous reac-

tions, including the many steps of respiration and photosynthesis

(Treshow 1970).

The way in which water stress affects the growth, development and

yields of crops has been a subject of great interest for many years. Wa-

ter stress affects all the biological and biochemical processes taking

place in plant cells, for example nutrient uptake, carbohydrate and pro-

tein metabolism, and translocation of ions and metabolites (Slatyer

1973).

2.1.1 Turoor Pressure

Water is vital to every stage of plant development, from seed germi-

nation lo plant maturation. Water is further required to provide the

constant pressure of turgor which supports fhe plant and facilitates

cell enlargement after new cells have been initiated.

Turgor pressure is crucial in ceI1 expansion (Hsiao 1973), and in

many plant species cell expansion is one of the plant processes most

sensitive to water stress. Reduction in cell size has been shown to be

well correlated with reductions in the potential of media in which a

growing tissue is immersed (Doley and Leyton 1968, Kirkham et al 1972).

When water stress developS, turgor pressure is lowered, and the growth

rate decreases. Growth adjusLments during stress can take place through

accumulation of solutes such as proline (rord 1984).
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Cell wal1 metabolism is closely tied in with growth, and apparent

cell walI synthesis has been shown to be substantially suppressed by wa-

ter stress in Avena coleoptiles (CteIand 1967, Ordin 1950). Low turgor

causes slowing or cessation of growth as a result of effects on protein

synthesis, cell wall synthesis and membrane production, but reduction of

growth under stress is not the result of changes in metabolic parameters

but rather most likely the direct result of a lack of turgor needed for

ce11 expansion (Àcevedo et al 1971'),

Prevention of cell expansion by Ìow turgor may result from an altered

balance of metabolites (vyas et al 1985), probably through controls that

slow the synthesis of cell building blocks (Cle1and 1967). Suppressed

cell enlargement may lead to various other changes in growing cells un-

der mild to moderate stress. Diminished ce11 enlargement in the most

rapidly expanding zone of a plant organ may result in rapid accumulation

of metabolites (Hsiao 1973).

2,1.2 Cell Division anil Enlarqenent

The growth and development of a plant depend, in the simplest terms,

on continuing cel1 division, on the progressive initiation of tissue and

organ primordia, and on the différentiation and expansion of the compo-

nent cells until the form of the plant is realized. In association with

these processes are metabolic events which involve the uptake of nut-

rients, the synthesis of metabolites and structural maLerial, and the

transport of substances within the plant body. Both the initiation and

the differentiation of vegetative and reproductive primordia in the api-

cal meristems, and the enlargement of lhe cells thus ilifferentiated are
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very sensitive to water stress (Slatyer 1973). CetI division is also

very sensitive to water stress, and cell enlargement is affected at very

slight leve1s of water stress (Hsiao 1970).

The raLe of elongation of cereal leaves is quite sensitive to plant

water status. Small reductions in the water potential of the root medium

immediately decreases the rate of growth of maize (Àcevedo et aI 1971,

Van Volkenburg and Boyer 1985), and of barley (Matsuda and Riazi 1981)

leaves. Simitarly, increased evaporative demand immediately slows the

growth rate of wheat leaves (Ctrrist 1978).

Cell division appears to be less sensitive to water stress than does

ceIl entargement (Vaadia et al 1961). The effect of water stress on

growth is possibly indirect via suppressed cell division. There is also

the possibility of alterations in growth regulators taking place during

prolonged stress and thus affecting ce11 division (Hsiao 1973). Accord-

ing to Prasad et al ('1982), celÌ division like cell expansion can also

be inhibited by long exposures to even mild water stress.

Waler stress is one of the most nell known causes of reduction in the

rate of increase of leaf area (l¡cCree and Davis 1974), and the reduction

can be due to inhibition of cell division or ceII enlargement or both

(SIatyer '1973 ) .

2,1.3 Leaf 0rientation and Senescence

Both leaf expansion and senescence are known to be very sensitive to

water deficits. In maize grown in controlled environments for example,

leaf expansion dectined rapidly at leaf water potentials lower than -0.2



10

mPa and ceased at -0,7 Lo -0.9 mPa (loyer 1970). Water stress reduces

plant leaf area by accelerating the rate of senescence of the older

leaves, and through its effect on leaf shedding (Turner and Begg 1981).

plants can adapt to water stress by changing their leaf orientation,

effectively reducing the radiation load on the leaves, and rolling or or

folding leaf lamina greally reduces the effective area. Development of

enlarged hairs under stress is another adaptive mechanism (I.IooÌley '1964,

Wuenscher 1970).

2.1,4 Yield and Yield eonponents

plant growth is a dynamic process. Physiological development and eco*

nomic yield are both functions of environmental conditions as well as

internaL plant factors. The ilramatic increase in yields of cereals dur-

ing the past 40 years in regions where a reqular supply of water is as-

sured through rainfall or irrigation, and the small increases where wa-

ter is limited, have only heightened the awareness of the constraint

that a limited water supply places on improvement of yield (Turner and

Begg 1981).

The development of water deficits leads to a wide range of responses

in the plant (Hsiao 1973), nany of which are secondary. For example

translocation of assimilates is reduced due to a reduction in the rate

of photosynthesis rather than by a direct effect of water deficit on the

transport in the phloem (Wardlaw 1969).

Grain weight in wheat is an important yield component and is affected

by water stress (Aggarwal and Sinha 1984). In corn, water stress has
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been shown to affect yield by modifying vegetative structures such as

leaf area which ultimately determine the photosynthetic capacity, or by

modifying the grain directLy by reducing the number of kernels produced

(classen and Shaw 1970).

Drought imposed at different stages on spring cultivars of

campestris and Brassica napus influences seed yield and yield

associated with plant size (Richard and Thurling 1978a). Seed

rapeseed is a function of pods per unit area, number of seeds

and weight per seed (Holmes 1980), and these yield components

shown to be influenced by irrigation (Krogman and Hobbs 1975,

Yusuf 1979).

Bra ss i ca

components

yield of

per pod

have been

Singh and

The increase in yield from continued adequaLe moisture supply may be

the result of continued expansion of green tissue in the form of pods

which supply nutrients for the developing seed (¡1Ien and Morgan 1972).

This ability of the rapeseed plant to supply assimilates during flower-

ing is important in determining the final pod number.

The number of branches per plant in rapeseed has been shown to in-

crease with increased irrigation (clarke and Simpson 1978b). This in-

crease is probably due to lengthening of the flowering period. A length-

ened flowering period also leads to an increase in pod number.

Seed yield in rapeseed has been reported to be both positively (Ots-

son 1960, Thurling.1974) and negatively (Clarke and Simpson 1978a) cor-

related to the number of pods per plant. Olsson (1960) suggested that

since high correlations were observed between the number of pods per

plant and seed yÍetd, pod number must be strongly influenced by the en-
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vironment. Seed number per pod is however Iittle affected by the envi-

ronment.

Number of seeds per pod is determined fairly late in the ripening

phase (¡Ilen and Morgan 1972) and may be determined primarily by the

ability of the individual pod to supply assimilates at the time when the

final seed number is deterrnined. Irrigation then could increase seed

number through its effects on pod surface area which could result in

greater assimilate supply.

Secondary branches are important for seed yield and their number as

well as the number of pods and seeds are strongly linked with moisture

and nutrient supplies and have a direct bearing on seed yield (Campbell

and Kondra 1978).

The critical growing phase of rapeseed is the period between flower-

ing and when the pods are mature but sti1l green (green maÈurity) (Bramm

1981). This is the period that rapeseed has the highest water require-

ment. Water requirement before flowering and during the period between

green maturity and maturity is quite small (Bramm 198'1).

2,1,5 Plant Nitrooen Àccumulation

Waler stress will not only affect the yield and yield components, but

also the conposition of the dry matter of the crops in various ways. Un-

der stress, feaves tend to be smaller and have thickened cell walls.

Chemical composition can also be affected. À moderate stress, for exan-

ple, improves the quality of some lobacco leaves (van Bavel 1953) while

the hydrocyanic content of sorghum forage is raised by moisture stress
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(Hie1son 1953). It is also well known that the nitrogen content of ce-

real grains on a dry weight basis tends to be higher in dry years than

in wet years. This however may be a reflection of the nítrogen suppJ.y

to the crop, for in wet years nitrates will be washed out of the soiL

and in dry years the total plant growth will be reduced and no nitrates

washed out so that there will be ample supply when the grain is forming

(vi ers 1 96s ) .

The supply of available nitrogen is closely related to the moisture

tension in the soil (Scarsbrook 1965), and Reitemeir (1946) presented

evidence that the concentration of nitrate in the soi] solution increas-

es with higher moisture tension. This accounts for the widely observed

tendency for plants to contain higher percentage of nitrogen when grown

under moisture stress. Eck and Fanning (1961) found that nitrogen ab-

sorption from the soil by plants continued after the soil had reached

the wilting point. More recent moisture regime work (Belesky et al

1982, CampbelI et al 1977, Jensen 1982) has led to the conclusion that

decreasing water supply produces an increase in the nitrogen content of

the plant. However, Yambao and O'Toole (1984) reported that the nitrogen

content of rice shoots was reduced more in water stressed plants than in

non-stressed controls. Similar conclusions Írere drawn by Chapman and and

Muchow (1985) working with grain legumes.

Àccumulation of nitrogen relative to dry weight in early ontogeny of

the plant occurs in all plants that show a decrease in nitrogen percent-

age as the plant develops (Viets 1965). The young plant is succulent,

has a high proportion of protoplasm relatíve Lo structural components

and has the capacity to store for future use a large amount of soluble
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nitrogen as amino acids, the acid amides asparagine and/or glutamine or

even nitrates (viets 1965).

More recent work of Vyas et al (1985) has shown that increasing the

intensity of water stress in Sesamum indicum L. progressively increases

the nitrogen concentration in the tissues, probably due to the decline

in dry matter production. Water stress, even at mild levels, induces

some significant changes in the level of leaf metabolites. For example,

reducing sugars in leaf tissues, free amino acids and free proline (vyas

et al 1985) increase in water stressed tissues, while Ford (1984) re-

ported that a number of low molecular weight solutes accumulate in water

stressed tropical legumes.

Water stress can affect plant growlh through its influence on nut-

rient uptake. In drying soils, nutrients become unavailable because

lheir transport to the root-soiI interface is impeded by the diminishing

rate of diffusion and mass flow (viels 1972). thus the quantity of water

in the soil affects not only the amount of nutrients in the soil solu-

tion but also the rate of their movement lo the root. The assimilate

distribution pathway, lhe phloem, is however unaffecbed by even quite

severe water deficits (ucwilliam 1968). Nevertheless, the overall tran-

slocation and assimilate process are affected by water deficits (Viets

1972) .

Stressed wheat plants (uubetz and Bole 1973, yield grain with a high-

er percentage of protein than unstressed plants. Àpparently the nitrogen

taken up during the prestress period is stored as protein in the de-

ereased number of kernels (Dubetz and Bole 1973). Shah and Loomis (1965)
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pointed out that

or stopped by an

nitrogen metabolism and protein synthesis are reduced

imposed moisture stress.

2.1,6 À¡nino-acid Accumulation

The physical and biochemical responses of plants under drought stress

are expressed in terms of reduced productivity and altered nutritive

quality (Jensen 1982), and free amino acids, mostly proline accumulate

in plants under drought stress. The build-up of proline and other free

amino acids are caused by changes in rates of either protein anabolism

or catabolism (Hsiao 1973).

Significant accumulatíon of free amino acids under stress suggests

that stress interferes with protein synthesis or induces proteolysis

(Haylor 1972), or more probably influences both processes. Àmino acid

accumulation associated with water stress may also be the result of an

adaptive protein complement synthesized in response to stress (nungey

and Davis 1982).

Water stress also reduces the ratio of protein to amino acids of the

plant (Vaadia et al 1961). Later, Ben-Zion et al (1967) working with to-

bacco, and Dhindsa and Cleland (1975) working with Àvena coleoptiles

concluded lhat waLer stress inhibits the incorporation of amino acids

into proteins. À decrease in protein content may reflect a retardation

of protein synthesis or an acceleration of degradation. Increase in ni-

trogen concentration under water stress may be attributed to the steady

maintenance of the rate of entry of nitrogen into the plant irrespective

-r rl 
--!-r 
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grorr'th and dry matler accumulation are in the decline (Wad]eigh and

Richards 1951).

2,2 NITROGEN AITD PIÀNT GROT{TH

Plants Iike all organisms require nitrogen for their growth and re-

production (viets 1965). Nitrogen is required in large amounts, and de-

spite the great abundance of nitrogen gas in the atmosphere, the element

is commonly deficient in agricultural soils in the oxidized (nitrate)

and reduced (ammonium) forms which can be absorbed by the plant (Novoa

and Loomis 1981, Treshow 1970, Viets 1965).

Nitrogen is a constituent of every amino acid and as such a major

component of the proteins forming the rnalrix of the protoplasm (Russell

1973, Treshow 1970). it also forms part of the chlorophyll rnolecule and

is required for both the synthesis and structure of the molecule (tresh-

ow 1970). Hitrogen is a constituent of many metabolic intermediates in-

volved in synthesis and energy transfer, including the deoxyribonucleic

acids making up the genetic code (Novoa and toomis 1981).

The demand for nitrogen is determined by the growth rate and the ni-

trogen composition of the new tissues (Novoa and Loomis 198'1), and pro-

tein formation is the principal use to which lhe plant puts the inor-

ganic nitrogen lhat it takes up. Increasing the nitrogen supply

increases the amount of protoplasm which in return results in greaLer

ceI1 size and l-eaf area, and thus a greater photosynthetic activity. The

overall effect of nitrogen on growth is to increase the height and vig-

our of the erops, increase branching of the inflorescence as well as to

increase total dry matter production (Spiertz and Vos '1983).
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Once nilrogen is taken up by the plant roots, it moves freely within

the the plant where it becomes a constituent of protein and other cellu-

lar compounds (Rapeseed 1980). Nitrogen also increases the proportion of

protoplasm to ceIl wall material (Russell 1973). This then increases the

size of the cells and gives them a thinner waII, thus making the leaves

more succulent (nussell 1973).

Too little nitrogen on the other hand limits yields and reduces qual-

ity of crops. For most plants, the initial stages of nitrogen deficiency

usually appears as a general loss of the green colour particularly in

older leaves, with an accompanying reduction in the total plant growth

(uitts and Jones 1979). in fruiting plants nitrogen deficiency is ex-

pressed as a failure of fruit set, cessation of fruit development and

ultimately fruit drop from the plant.

In cereals, tirning of nitrogen application influences grain forma-

tion. The major processes involved in grain filling are carbohydrate

and nitrogen use (Spiertz and Vos 1983). Nitrogen compounds for grain

growth are mainly supplied by lhe vegetative parts and only to a small

extent from post anthesis uptake. During grain filling, nitrogen tran-

slocation to the grain exceeds nitrogen uptake and assimilation by the

crop (spiertz and Vos 1983).

2.2.1 Í{ater Use

In dry years, N fertilizer can decrease yields by increasing the rate

of water use so that the plant lacks sufficient water to carry it

through the period of water stress. Studies with spring wheat (oavidson
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and Campbell 1984) have shown that applied nitrogen generally increases

the rate of water use except under some moisture stress conditions where

the combination of high temperature and moisture stress are so limiting

to growth that applied niLrogen has no effect.

Under moisture stress there is less efficient use of fertilizer N

(Campbell et al 1977ll. At high N rates, larger leaf areas result in in-

creased transpiration and consequentLy a more rapid use of limited mois-

ture (Campbell et al 1977). Hence plants receiving more N under stress

decrease their rate of dry matter production more than those without N

due earlier moisture depletion. Às the intensity of moisture stress in-

creases as a result of high rates N fertilizer, nitrogen is lost from

the tops and roots, probably by exudation of soluble nitrogen compounds

(Campbell et al 1977). Under conditions of adequate moisture, high rates

of fertilizer N are beneficial to plant growth.

2.2.2 Nitrooen Accurnulation in The Plant

Increased soil nitrogen leve1s have been found to increase grain ni-

trogen content in wheat (Croy and Hageman 1970), maize (Deckard et aI

1973), barley (;enkins et aI 1979) and sorghum (¡jaikaye 1984), among

other crops. Nitrogen accumulation in the total plant is essentially a

reflection of lhe nitrogen accumulation in the top growth (Campbell et

aI 1977) and it generally increases with applied nitrogen, moisture de-

ficiency and time.
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2,2,3 Nitroqen and Rapeseed Growth

Rape is a relatively leafy plant in its early growth stages, and a

nitrogen shortage will retard leaf development and reduce yield (Weiss

1983). The retention of the largest possible leaf area for as long as

possible is promoted by nitrogen fertilizer, and leaf retention increas-

es yields by maintaining the flow of assimílates to flowers and pods

(weiss 1983). This yield increase is basically due to the greater num-

ber of seeds and pods reaching maturity rather than a general increase

in pod or seed weight (¡llen and Morgan 1972, Henry and MacDonald 1978,

Scott et aI 1973).

Stems and pods of E. napus are affected to a higher degree by water

stress than by N treatments (nood and Major 1984) while Ìeaves show a

greater response to N fertilizer than to irrigation treatments. Àllen et

al (197'1 ) and Rood et aI ('1984a) have demonstrated that leaf growth is

more responsive to N fertilizer than pod growth. However Krogman and

Hobbs (1975) reporled that N fertilizer had little effect on leaf growth

while irrigation delayed leaf senescence. Rood et aI (1984a) pointed out

that onset of ]eaf senescence coincides with the time when soil NO¡-N

starts to decline.

Under low N fertilization, growth of pods, stems and roots show lit-
tle response to irrigation treatments (Rood and Major 1984). Consequent-

ly there is practically no change in dry weight as irrigation levels in-

crease for all low N levels (nood and Major 1984) because nitrogen

deficiency apparently acts as a limiting factor preventing a growth re-

sponse to irrigatíon leve1s (nood and Major 1984). The slight effeel of
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N fertilization in the field studies of Krogman and Hobbs (1975) and

Singh and Yusuf (1979), rvas presumably the result of adequate N avail-

ability over all N treatments, while in the study of Rood and Major

(1984), the low N level r+as a significant limitation to growth of all
plant parts.

Although studies of Henry and MacDonald (1978), Sheppard and Bates

(1980 ) and Soper (1971), particularly Henry and MacDonald (1978) have

shown that seed yield of oilseed rape is promoted by N fertilization, N

treatment had little effect on seed yield when grown on summerfallow

that contained 125 kg/ha of NO3-N in the top 60 cm (Krogman and Hobbs

1975). Soper's (1971) conclusion that oilseed rape responds to N only

when soil NOg-N is capable of providing less than 100 kg/ha NO3-N may

explain this apparent discrepancy.

2.3

2,3.1

INTERÀCTION OF NITROGEN ÀND WATER

Plant Grorth and Yield Production

Nitrogen gives very 1ittI.e increase in yields under restricted water

supply, and with low levels of water more N is required in reaching the

peak yield whereas with adequate water supply yields tend to be higher

at lower levels of N (Campbell et al 1977). In wheat, applied N increas-

es leaf area at both high and low moisture treatments, but use of ferti-

lizer N for leaf development is less efficient under moisture stress

(Campbell et aI 1977') .
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Growth and yield of cotton, like most crops, depend heavily upon the

availabiì.ity of nitrogen and water during the season. Significant inter-

actions of nitrogen and water on yields of cotton have been reported by

Hearn (1975) and more recently by Radin and co workers (1985). Yield of

cotton increases as water availabiLity increases, but the amounl of re-

sponse is dependent upon the availability of nitrogen (naufman 1972).

2.3.2 Plant Nitrooen Concentrations

Nitrogen applications as weil as improved water status in general re-

sult in increased concentrations of lotal N (Jensen 1982). The combina-

tion of N fertilizer with increasing soil moisture stress leads to an

increasing N content of oat straw (Bourget and Carson 1962), and the N

content of alfalfa grown without nitrogen fertilizer also increases with

decreasing soil moisture. The lower N content of fertilized compared to

unfertilized alfalfa may possibly be explained by dilution due to the

greater plant growth obtained r+ith fertilizer.

Higher concentrations of Kjeldahl N have been reported in water

stressed tall fescue than in nonstressed controls (aelesky et a1 1982),

and application of N fertilizer continued to increase the Kje1dahl N.

Crude protein of tatl fescue has also been shown to increase as water

stress increase (Be1esky et a1 1994a) especially under unlimited nitro-

gen conditions. Drought and high rates of fertilizer N have been associ-

ated with significant alterations in plant N metabolites especially in

ta11 fescue (Beles-ky 
"t aI 1984b). Àpplications of N under water sÈress

increases amounts, and influences lhe nitrogenous components in tall

fescue which could influence planl nutritive quality.
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protein in rapeseed can be associaLed with soils that have poten-

low available nitrogen and high availabte moisture (Huttall

Uptake of nitrogen by rapeseed paralleIs dry matter accumulation

the total nitrogen taken up by the rape plant about half ends up

( rape ) seed (Rood et al '1 984a ) .

The nitrogen content of the rape plant is highest at the rosette

stage (Holmes 1980) when most of the dry matter is in the leaves, and

fatls steadily thereafter. The fal1 in N content is due to decreasing

contents in individual organs before and during flowering. Generally

Ieaves, pods and seeds have a higher nitrogen content than stems and

roots (Holmes 1980). In dry years seed N content increases with in-

creasing N fertilizer rates probably due to the lower yield response. À

dilution effect has been demonstrated by Sheppard and Bates (1980).

Nitrogen fertilizer increases the protein content of rapeseed (Hut-

tall 19701', but the moisture condition also affects the nitrogen Levels.

l,lhen moisture limits yields, the protein content tends to be higher. It

would be logical then to conclude that under conditions of adequate ni-

trogen supply, plants that are Iimited in growth by a relatively low

level of soil moisture would have a higher content of mineral nutrients

than plants under comparable fertility, but not limited in growth by

moisture supply (wadleigh and Richards 1951). when growth of plants is

limited by moisture supply, nitrogen tends to accumulate within the

plant because the rate of entry of N is approximately maintained in con-

junction with a decreased rate of utilization in the growth process

(waateigtr and Richards 1951).
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2.3,3 Nitraùe Accumulation in Plant Tissues

Nitrogenous constituents such as N0s-N and perloline accumulate in

fescue (nribourg and Loveland 1978) under drought stress. Such accumula-

tions probably result because water stress decreases both nitrate reduc-

tase activity and photosynthesis (Fribourg and Loveland 1978) and there-

fore N0s accumulation.

Ambient nitrate entering the root cytoplasm is partitioned among

three processes; accumulation, reduction to ammonium with subsequent in-

corporation of N into organic compounds, or translocation to aerial

parts (pan et al 1985). The nitrate accumulation in plants is dependent

upon the environmental conditions under which the plants are grown (lor-

enz 1978). Àmount of N0s in the growing media, plant species, plant

part and age of the plant are some factors that affect N0¡ accumulation

(torenz 1978). The concentration of NOs in plant tissues is always in a

dynamic state since it represents the difference between Lhe rates of

absorption and assimilation within the plant (Minotti and Stankey 1973).

Kapoor and À1i (1982) reported that in potatoes nitrâte reductase ap-

pears to be localízed in leaves and young stems.

Dry periods result in upward movement and buildup of NOs in the top-

soil as it dries out, and moisture stress of plants markedly inhibits or

inactivates nitrale reductase activity (Huffaker et aI 1970), leading to

an accumulation of nitrates in the plant tissues.

Total NOg-N concentrations ín tall fescue are greatest under drought

stress (lelesky et al 1982). This buildup of nitrate under drought

slress may indicate that nitrogen metabolism was significantly affected

especially by altered nitrate reductase activity (Hsiao 1973).
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Cereals accumulate nitrate to a limited extent on1y, but for an

adequate dry matter production at the time when the plant is shooting,

nitrate content in the biomass should be about 0,15% on a dry weight ba-

sis (Przemeck and Kucke 1986). Biomass production at that stage is re-

quired to build a sufficient nitrogen storage pool for the nitrogen sup-

ply of the grain (Spiertz and vos 1983).

Nitrate concentrations vary considerably from year to year r+ith N

treatments (Minotti and Stankey 1973). Depending on the environmental

conditions, nitrate concentrations can vary even in a matter of hours

(Minotti and Stankey 1973). Nitrate tends not to be uniformJ.y distribut-

ed throughout the plant but rather to accumulate in certain parts

(Wrigtrt and Davison 1 964') , In terms of gross structure stems usually

contain more nitrate than leaves, and leaves in turn contain more ni-

trates than fLoral parts (wrigtrt and Davison 1964). Roots have a leve1

lower than in the stems yet above that in the leaves (wrignt and Davison

19641. Frui! have the least amount of nitrale whereas the pelioles have

as much or more nitraLes than the stems (wrigirt and Davison 1964). There

can be extensive nitrate accumulations in laminae where the concentra-

tions may exceed 100 mol m-3 plant water (gaker et al 1971, Lorenz

1978l'. This pattern of nítrate accumulation has been confirmed for the

aerial parts of the spinach plant (nodipnata and Ormrod 1971) and the

garden pea ( pisum sativum) (Trevino and Murray 1975). In the tomato

plant, the highest nitrate concentraLions are found in the petioles and

lesser amounts in the leaf blades, stems and roots in that order (Gomez-

Lepe and Ulrich 1973).
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Certain vegetables tend to accumulate more nitrate than others. These

include beets, sÞínach, radish, broco1li, ka1e, muslard and collards

(Maynard et aI 1976). This excessive accumulation of nitrates is either

due to a very efficient uptake system or an inefficient reductive system

or a combination of both (Maynard et al 1976),

ÀppJ.ication of high Ievels of N fertilizer can lead to additional ac-

cumulation of nitrates (Lorenz 1978t Splittoesser et aI 1974, Wright and

Davison'1964). In an experiment vlith table beets (Lorenz 1978), fertili-

zation with 550 kg/ha N as compared to no N increased nitrate accumula-

tion in the petioles 70 times, in the blades 30 times, and in the rooLs

20 times. Increase in NOg-N. as related to total N was from 3.7% Lo 88%

in the petioles and from 2.4% lo 38.2% in the blades. Normal nitrate

concentrations in plant tissues (Lorenz 1978) are in the range of 0-140

micro mol g-1 dry weight (0-0.2 % dry weight) and accounts for 0-10% ot

the plant nitrogen, although samples of turnip petioles have been shown

to accumulate over 3% N0¡-N on a dry weight basis. Members of certain

families, for example Chenopodiaceae, Compositae, Amaranthaceae, Solana-

ceae and Cruciferae tend to store nitrogen as NOs, sometimes in amounts

up to 5% of. tissue dry weight (l¿ckee 19621.

it is possible that a plant accumulates nitrates because of a physio-

Iogical need for nitrates especially under low light conditíons (veen

and Kleinendorst 1985). Clement eÈ al 1979 and Smirnoff and Stewart

(1985) postulated that accumulated nitrate has an osmotic regulatory

ro1e, while Pate (1983) pointed out thaL plant species from arid envi-

ronments often store nitrates in their leaves. Àn increase in nitrate

concentrations under low light may be a response to a decrease in solu-

ble carbohydrates.
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2.3,4 Anino Acid Àccumulation

Some of the nitrogen absorbed by the root is assimilated into amino

acids in the roots, but most seems to be translocated to the leaves in

the transpiration stream, thus most amino acid synthesis occurs in the

Ieaves (Novoa and Loomis 1981).

Environmental stresses and management factors influence amino acid

composition in a variety of plant species (Barnett and Naylor 1966, Jen-

sen 1982, Labanauskas et al '198'1 ). leaves play an important role in ni-

trogen melabolism and are generally the most important organs in amino

acid synthesis and nitrogen storage (Novoa and Loomis 1981.

In potatoes, increasing the fertilizer nitrogen raises the nitrogen

concentration in the tuber dry matter (uillard 1986) but as the nitrate

levels represent a very small portion of the total tuber N content, the

the N concentration is mainly reflected as amino acid concentrations

(Carter and Bosma 1971),

2.4

2 4

NITROGEN ÀND DRY MÀTTER PÀRTITIONING

.1 Effect of l{ater Stress on Drv tdatter PartitionÍno

À crops' water status influences both dry matter partitioning and

yieId, and differences in water potential influence translocation (rang

and Thorpe 1986). water deficits in cereal crops, especially during the

the grain-filling phase of the plant growth commonly limits yields (Da-

vidson and Birch'1978). In whea! these yield reductions are character-

ized by decreases in the dry maÈter content per grain rather than grain

number (Davidson and Birch 1978).
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Morrison and Gifford (1984) investígated the dry weight partitioning

of wheat under limited water supply and high C0z concentrations, and

found that the leaf weight of well watered plants groyrn in high C02 wâs

larger, as had been found earlier by Cave et a} (1981), and Wulff and

Strain (1982).

If water is withheld from wheat during the reproductive phase, obser-

vations consistently show that lower yield is a consequence of less fav-

ourable dry matter partitioning and/or less growth (Davidson and Birch

1978). Mild water stress during the vegetative growth phase on the oth-

er hand can improve the partitioning to grains (Richards 1983).

Wardlaw (1965) reported that when the growth of major sinks is sensi-

tive to water stress, dry matter is preferentially distributed to other

parts of the p1ant. ConverseLy, when the major sink is relatively unaf-

fected by water stress, translocation is less inhibited than photo-

synthesis (Barlow et a1 1980). This is particularly true in groundnut

(Ong 1984) where temperature and water stress have a major influence on

the partitioning of dry weight since vegetative growth is more sensitive

than reproductive growth.

The dry matter partitioning in cowpea (wien eÈ al 1979') subjected to

moisture stress is altered in comparison to the controls, with stems and

peduncles making up a smaller proportion of the total dry weight. Àt 63

days after emergence stressed plants had 10% more dry weight in the pods

than the controls (wien et al 1979). À similar finding was made in wheat

by Johnson and Moss (1976l..



28

2,1.,2 Nitroqen Partitioninq

The partitioning of nitrogen to various plant parts may be influ-

enced by water deficits (Chapman and Muchow 1985), and its retransloca-

tion in the plant is more marked than for dry matter (wien et al 1979).

In soybean for example (Chapman and Muchow 1985), efficiency of nitrogen

accumulation per unit of dry matter production decreased in both wet/dry

and dry regimes, an indication that nitrogen accumulation was affected

more than carbon accumulation, results consistent with those of Sprent

(1e76).

The total vegetative dry weight of cowpea decreases only slightly

during fruit maturation (Eaglesham et a1 1977) but its nitrogen content

declines by a5%. In sunflower, nitrogen concentration is higher in the

top than in the middle and botlom sections of the stem (Steer et al

1985), in contrast to the petioles which have an opposite trend. In

terms of apparent redistribution of dry matter and nitrogen, redistribu-

tion from petioles is greater lhan from leaves and it is smallest from

the stems (Steer et aI 1985). Dry matter redistribution from all organs

decreases with applied N, and the magnitude of apparent redistribution

of nitrogen is greater than for dry matter (Steer et al 1985). Sunflow-

ers accumulate phosphorous during their growth cycJ.e (Hocking and Steer

1983a) and most of it is redistributed, even more extensively than ní-

trogen (Hocking and Steer 1983b).

Remobilization is a major determinant of nitrogen efficiency by the

whole crop. The extreme remobilization common to soybean, lentils and

peas that led Sínelair and de Wit (1975) to the self-destrucLion hy-
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use of scarce supplies of nitrogen.
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in the

2,4,3 D_ry l.latter ParLitioninq in Rapeseed

In B. naÞus dry weight accumulation occurs before anthesis unlike in

!. campestris where most dry weight of the plant is accumulaled after

anthesis (nichards and Thurling'1978b). This results in a greater con-

tribution of reserves accumulaled by anthesis to grain-filling in B. na-

pus. In B. napgg., leaves are the main site of COz tixation during flow-

ering and early pod development, and assimilates are subsequently

exported to developing stems, reproductive parts and roots (Chapman et

aI 1984). Since stem growth is continuing, stems retain much of their

photosynthates, presumably using it for growth, while photosynthates

produced in the leaves tend to be lranslocated to fiowers, pods (Freyman

et aI 1973), and roots (nood et al 1984b). Àt the onset of ripening,

pods are the principal sites of carbon dioxide fixation while stems and

leaves are of lesser importance (nood et al 1984b). Às development pro-

ceeds stems become a more important site of assimilation (t'lajor and

Charnetski 1976) but leaves and pods also nake a net contribution of

photosynthates to the young seeds (l'tajor et al 1978).

ÀIthough pods contain high levels of photosynthates, there is little

evidence that photosynthates originating in the pods are translocated to

the seed (l,tajor and Charnetski 1976). The findings of Major et aI (1978)

however contradicted this and they concluded lhat all parts are impor-

tant photosynthate sources for seed growth and showed that the spatial

dislribution of the shool parts is important in determining source-sink
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relationships. Thus leaves, stems and pods act as principal photosynt-

hate sources at different stages in the reproductive development of rape

and they do so in proportion to their dry weight at the time of assimi-

lation (Rood et al 1984b).



Chapter III

MÀTERIÀLS AND I.ÍETHODS

3.1 GENERÀI PROCEDURES

The experiments reported in this thesis vlere conducted in the green-

house in the department of Plant Science, University of Manitoba, Cana-

da, from Àpril 1985 to May 1986. A local variety of Brassica 43pus, Wes-

tar, was used. The seed was obtained from the department. A 4 kg

greenhouse soil mixture (sand:peat:soil 22121 volume) was used. The soil

mixture was analysed for available nutrients at the Provincial Soil

Testing Laboratories, University of Manitoba and the results are pre-

sented in the appendix (fa¡te ZZ). The pLants were grown in six inch

plastic pots.

3.1.1 llater Stress Àssessnent

The field capacity and water content of the air dry soil were deter-

mined prior to seeding. Plants were considered stressed when the weight

of the whole po! dropped to a pre-determined weight calculated on the

basis of the field capacity and water holding capacity of the soil mix-

ture. The plants were then rewatered to field capacity.

To determine the water content of the air dry soil, a sample of the

air dry soil was weighed in a moisture tin and the ilrieil in the oven at

100 degrees centigrade for 48 hours. The difference between the weight

- 31
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dried soilof air and oven dried soils divided by the weight of the oven

multiplied by 100 gave the water content of the air dry soil.

Fie1d capacíty of the soil was determined by flooding the soil and

allowing the water to percolate for 2 days. À sample of the wet soil was

weighed and dried in the oven for 48 hours. The difference in weight be-

tween the wet and oven dried soils divided by the weight of the oven

dried soil multiplied by 100 gave the field capacity of the soil.

3,2 EXPERIMENTAI DESIGN AND TREATMENTS

A split plot design was used with lhe watering regimes as the main

plots and the nitrogen treatments as sub-plots. Each sub-plot consisted

of one pot with two pIant. There were two watering regimes, (i) stressed

where the plants were allowed to deplete up to 100% of the available wa-

ter, and (ii) nonstressed, where plants were allowed to dep).ete up to

50% ot. the available water. After completing each cycle the plants in

each se! were rewatered back to field capacity.

The pots in each watering regime yrere subdivided ínto trvo groups.One

received nitrogen fertilizer at the rate of 1,1ïg/pot (4kg soil) using

NH+NOg based on a rate of 200kg Hrlha. The nitrogen was thoroughly mixed

with the soil at the time of seeding. The other group did not receive

any nitrogen, giving a total of four treatments, (i) H applied and nons-

tressed (treatment N'lS0), (ii) no N applied and nonstressed (treatment

N0s0), (iii) N applied and stressed (treatment N1s1), and (iv) no N ap-

plied and stressed (treatment NOS1).
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Àmount of water to be added at each rewatering was determined by

weighing the whole pot. The stressed plants took anywhere between I to

14 days to complete the cycle while the nonstressed plants took 2 to 5

days lo complete their cycle.

3.3 EXPERI}IENT 1

This experiment was conducted to assess the effect of water stress

and nitrogen fertilizer on growth and seed nitrogen accumulation in ra-

peseed. There vrere seven replicates and four treatments, giving a total

of. 28 pots, each with two pJ.ants. Initially, four to five seeds were

sown direclly into lhe soil mixture and all pots were watered to field

capacity. the stress treatment was imposed two weeks after emergence, at

which time the plants were thinned to two plants per pot.

The measurements, amount of water used, plant height, number of

leaves on the main stem, number of primary branches and number of pods

per branch were taken at each rewalering. Watering was done every 2 to 5

days in the nonstressed plants and I to'14 days in the stressed plants.

Number .of seeds per pod anil seed yield per pot were determined at matur-

i tv.

Seed were air dried and total nitrogen determined by micro-Kjeldahl

analysis, using titanium dioxide as a catalyst as follows. Three mI

concentrated sulphuric and a small scoop of Ti02 catalyst were added to

'100 mg dried ground Èissue, and the mixture digested on a hoL plate for

30 min. After the mixture had cooled down, 25 ml distilled waler l¡as

added and the flask eonneeted to a dístíllation apparatus. The receiving
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beaker contained 10 ml boric acid and an indicator. Fifty percent NaOH

was carefully allowed to trickle into the Kjeldahl flask until the sam-

pIe turned brown or blue. The green solution collected in the receiving

flask was then back titrated with acid until colour changed. Total N

concentration was then determined from a standard curve, using (HH¿)rS0o

as the standard.

3.4 EXPERIMENTS 2ÀND3

These experiments were conducted to further assess the effects of ní-

trogen application and water stress on rapeseed growth, and also to see

the effect the treatments had on stem, leaf and floral parts N contents

at three differenl growth stages. The experimental procedure was modi-

fied in these and the following experiment. The pots were lined with

plastic materia] to prevent water fron running off through lhe botton of

the pots instead of soaking the soil. This was a problem in experiment

1. nach experiment had 15 replicales and 4 treatments giving a total of

60 pots per experiment. The 60 pots were divided into three sets of 20

pots each. Each set of plants was grovrn up to a specific Arowth stage

and then harvested for analysis. The same neasurements that were taken

in experiment 1 were also taken in these two experiments.

There were three destructive sampling times, (i) when the inflores-

cence was just visible at the centre of the rosette, (ii) when the lower

pods were starting to fill and (iii) at dry maturity, corresponding Èo

stages 3.2,4.3 and 5.5 respectively in the revised growth stage key for

Þ. napus and B.campestris (Harper and Berkenkamp 1975). Àt each sam-

pIing, one complete set of 20 pots was harvested. The plants from each
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pot h'ere separated into stems, leaves and floral parts (if present).

These different plant parts were then dried at 70 degrees centigrade for

48 hrs, then ground on an Udy Cyclone Laboratory mi11, except the seed

which vräs air dried and used whole for nitrogen analysis.

3.5 EXPERII'IENT 4

The purpose of this experiment was to assess the nitrogen and dry

matter partitioning in rapeseed as affected by N fertilizer and water

stress. Seeds were pregerminated on petri-dishes and on the 4th day 4

to 5 seedlings transplanted into each po!. There were a total of 60

pots. The plants rvere later thinned to two plants per pot. Àmount of

water used was determined at each rewatering as in the other experi-

ments. Sampling was done as in experiments 2 and 3 and the dry weights

of each plant part recorded after at drying sevenly degrees centigrade.

Àt maturity, the pods were separated from seeds and the analyses listed

below conducted on each plant part separately. N analysis was conducted

as in the other experiments, while N0s-N was analysed using 2,6-xyleno1

(Àndrews 1964) and amino acids by the colorimetric method of Spies

(19s7).

3.5.1 Niùrate-Nitrooen Ànalvsis

Extract o 10 mI 80% hot ethanol was added to 100 mg dry ground tissue

and centrifuged at 700C rpfr,1 the supernatant was decanted off and the

procedure repeated on the residue. The 20 ml (approximately) liquid col-

lected was then used for the analyses.

International Equipment Co. diameter 14.5 cm.
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3.5.1 . 1 Àssay

À 0.03 mI sample (or diluted as required) was removed from the extract,

made to 0.5 mI with water and 1.5 ml sulphuric acid added. The test

lubes were chilled in ice and then 0.1 mI xylenol solution (Àndrews

1964) added directly into the sample. The tubes were shaken and incu-

bated in a water bath for 30 min. at 35 degrees centigrade. The tubes

were then cooled at room temperature, I mI water added and mixed welI.

One ml toluene was then added and the tubes vortexed for 1 min. After

the two phases separated, the toluene layer was pipetted off,4 ml 2N

NaOH added and the tubes vortexed for another 1 minute. The solutions

were allowed to stand for 20 min. after which the absorbance was read at

432 nn. NOs-N concentration was determined from a calibration curve,

using KNOs as the standard.

3.5,2 Àmino-Nitroqen Analvsis

3.5.2.1 Ninhyclrin Solution

Two mg ninhydrin was dissolved in 50 mI methoxy methanol. A stannous so-

lution was made by dissolving 80 mg stannous chloride in 50 ml 0.2M ci-

trate buffer adjusted to pH 5.0. The stannous and ninhydrin solutions

were then mixed thoroughly and stored in the refrigerator.

3,5.2,2 Àssay

À 0.05 ml sample (or diluted as required) ¡vas mixed with 0.15 ml wat,er.

One ml ninhydrin solution was added and the tubes capped loosely and

boiled f.or 20 min, after which 5 mI of the diluent (1:1 n-propanol-:water

v/v) was added direclly. The tubes were allowed to stand for 15 min. and

absorbance read at 570 nm. Amino-N concentration was determined from a

calibration curve using t-serine as the standard.
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3.6 STATISTTCAI ÀNÀIYSIS

All data sets were analyzed as split-plot experiments, using analysis

of variance (¡HOv¡). Means were compared using Duncan's Multiple Range

Test at p=0.05 level of significance after ANOVA gave significant F val-

ues. Standard error of the mean values were determined using the mean

values from all replicates for each treatment. À11 the staListical anal-

yses were performed on the University of Manitoba AMDAHL 5850 mainframe

computer.



Chapter IV

REST'ITS AND DISCUSSION

4,1 GRO}TTH PARåI'IETERS

Plates 1 and 2 show the well watered and the water stressed plants

respectively, 76 days after planting. The growth measurements that were

taken are plant height, maximum number of leaves on the main stem, the

number of primary branches per plant, number of pods per branch, number

of seeds per pod and the final seed yield at maturity. The results from

Experiment 1,2 and and 3 are presented in Table 1,2 and 3.

Water stress greatly affected plant height in all three experiments.

Àpplication of N ferLilizer did not give a significant increase in plant

height over when no N fertilizer was applied (tables 1, 2 and 3). These

results agree with the conclusions of Rood and Major (1984), that stems

and pods of B. napus are affected to a higher degree by water stress

than by nitrogen treatments. Under low water availability, the growth of

stems, or plant height showed significant response to N fertilization in
lwo experiments (table'1 and 3) but under an adequate water supply, stem

growth showed no significant response to N (tables 1,2 and 3). It ap-

pears lhat the amount of growth, especially plant height was reduced as

a result of the water stress.

The maximum number of leaves on the main stem showed no significant

differences between aÌl the treatments in two of the three experiments

38
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Plate 1: Plants that r+ere well watered.
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Plate 2: Plants that were water stressed.





43

ÎÀBtE 1

Mean Growth Measurements of Plants Grown in Experiment 1,

TMT PLÀNT
HT
cm

MAX. NO.
OF TEAVES
ON MAIN
STEM

NO. OF

PRIMARY
BRANCHES/

PTANT

NO. OF
PoDS/
BRANCH

NO. OF

sEEDS/
POD

SEEÐ YIETD
(g/por\

N'ISO
NOSO

N1S',l

N0S 1

1 0. 57a
1 0. 57a
1 0.00a
1 0.00a

4.57 a
3.86b
1.43c
1.57c

9.86ab
'1 0.86a
7.86b
7 .71b

16 .14a
1 4 . 7'1ab
6. 14c

1 3.43c

2 .16a
1.55b
0.71d
1.18c

77 .5'la*
81.29a
46. 50c
64.64b

*Means within columns with the same letter are not significantly
di f ferent at p=Q.95 (Duncan' s MuIt iple Range Test ) .

TÀBIE 2

Mean Growth Measurements of Plants Grown in Experiment 2.

TMT PTANT
HT

(cm )

MAX. NO.
OF LEÀVES
ON MAIN
STEM

NO. OF
PRIMARY

BRANCHES/
PLÀNT

PODS/
BRÀNCH

NO. OF

sEEDS/
POD

SEED YIETD
h/potl

NO OF

N1 S0
NOSO

N1 S1
Nos 1

1 0 .40a
'1 0. 60a
9. 00b
9.8Oab

62.80a*
62.00a
37.20b
34.20b

4.80a
3.80b
'1 .60d
3.00c

.00a

.40a

.40b

.60b

1 7.00a
'1 3.40b
9.80c

12.20bc

1.47a
0 .81b
0.47bc
0.37c

'13

'13

4

4

*Means within columns with the same letLer are not significantly
different at p=9.95 (Duncan's Multiple Range Test).
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TABLE 3

Mean Growth Measurements of PIants Grown in Experiment 3.

TMT PtÀNT
HT
(cm )

MAX. NO.
OF TEAVES
ON MAIN
STEM

NO. OF
PRIMARY

BRANCHES/
PTANT

NO. OF

PODSy'
BRANCH

NO. OF

sEEDS/
POD

SEED YIETD

ß/pot)

Nl S0
N0s0
N1 S1

NoS 1

9. 60a
9.40a
9.20a
I .80a

3.40a
2.80a
1 .40b
1 .80b

2 .19a
1 .09b
0. 55c
0.72bc

75.00a*
70.20a
49.00c
s9. 00b

12 .40a
1 2 .80a

7 .40b
6.80b

23.20a
1't .20b
12 .40c
'1 2.80c

*Means within columns with the same letter are not significantly
different at p=Q.¡5 (Duncan's Multiple Range Test).
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(tables 1 and 3). In experiment 2 (table 2), significantly fewer leaves

were produced by plants that received N ferlilizer and were water

stressed (Treatment N'1S1 ) .

Clarke and Simpson (1978b) showed that the number of branches per

plant in rapeseed increases with increased irrigation. In the present

study, significantly more branches were produced when water rvas not lim-

iting plant growth than when plants were waler stressed (labtes 1,2 and

3). $lhen water was adequate, application of N fertilizer resulted in

production of more, (thougH not always significantly different), prirnary

branches than when N vlas not applied. Under water stress on the other

hand, the effect of N fertilizer was not as evident, except in the sec-

ond experiment (table 2) where significantly fewer primary branches were

produced when N fertilizer was applied to water stressed plants.

The average number of pods per branch ranged from about 4 to over'13.

The well watered plants always produced significantly more pods per

branch than the stressed ones. Àmong these nonstressed plants, the ones

that did not receive N fertilizer (Treatment N0S0) always produced

slightty more, but not significantly different, number of pods per plant

than the N fertilized plants (Treatment N1S0), although Rood and Major

(1984) found that pods are more responsive to water than to N treat-

ments.

The nonstressed fertilized plants (Treatment N'lS0) despite having

slightty fewer pods per branch than the nonstressed non-fertilized

plants (Treatment N0S0) always compensated by producing more seeds per

pod (Tables 1,2 and 3). In two of the three experiments (tables 2 and
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3), the number of seeds produced by the plants in the treatment N1S0 was

significantly higher than the number of seeds produced by the plants in

treatment NOS0. That is, there rlere significant differences in seed num-

ber among the N treatments and not when the plants had an adequate water

supply, but N fertilizer did not have significant effects on seed number

when the p).ants were water stressed.

The production of more seeds per pod in the well-watered N fertilized

plants (Treatment N1S0) than in the well-watered non-fertilized plants

(Treatment N0S0) was later reflected in the final seed yield, agreeing

with the conclusions of Àllen and Morgan (972), Henry and MacDonald

(1978) and Scott et al (1973) , that yield increases in rapeseed are ba-

sically due to greater numbers of seeds reaching maturity.

Significantly fewer seeds per pod were produced in the stressed

plants. Ànong these water stressed plants, the number of seeds produced

per pod did not differ significantly between the two N levels in two of

the three experiments (tables 2 and 3). The application of N fertilizer
to stressed plants was however delrinental to seed yield production. The

final seed yield in these stressed plants followed a similar pattern to

the seed number per pod. Significant differences in seed yield due to

the N treatment in the stressed plants were only observed in one experi-

ment (rable 1). This was the same experiment that showed significant

differences between seed number as affected by N fertilizer when plants

were water stressed.

In general, seed yield was most affected by the combination of water

stress and N fertilizer (Treatment N1S1). there were significant yield
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differences due to lack of N fertilizer in the well watered plants, in-

dicating that for maximum yield production, N fertilizer application

must be accompanied by adequate moisture availability.0n the other

hand, it is detrimental to seed yield to apply N fertilizer when crop

growth is limited by lack of adequate moisture. These experiments also

show adequate moisture should be available throughout the plant growth

up to the time when the pods are starting to turn yellow. The results

from these experiments agree v¡ith the work of Bramm (1981), Krogman and

Hobbs ('1975), Richard and Thurling (1978) and Singh and Yusuf (1979).

4,,2 PIANT NITROGEN CONCENTRÀTION

4.2.1 Grovlh Staqe !.! -Inflorescence visible at the cenÈre of the
rosette

teaf N concentrations were higher than stem N concentrations in all

experiments (tables 4,5 and 6). Àpplication of N fertilizer resulted in

significantly higher leaf and stem N concentrations. Àmong the N ferli-

lized plants (Treatments N1S0 and N1S1), significantly higher leaf and

stem N concentrations were obtained in the stressed plants (Treatment

N1s1 ). Of the two non-fertilized treatments (HOSO and NOS'1 ), the

stressed plants (Treatnent N0S1) again had significantly higher concen-

trations of nitrogen in two of the three experiments (tables 4 and 5).

In the third experiment (Tab1e 6), there rrere no significanl differences

in the leaf N concentrations due to the watering regimes at each N lev-

e1. Stem N concentrations however showed significant differences between

the water treatments but only when the plants had received N fertilizer.
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TABTE 4

Mean Leaf and Stem Nitrogen Contents H) aL the First Sampling (Stage
3.2) of Plants Grown in Experiment 2.

TMT %H

LEAVES STEMS

N'ls0
NOSO

N1S'1

NOS'1

4.00c*
2.85d
5.03a
4.54b

1 .70b
1.17c
2.32a
1.80b

*Means within columns with the same letter are not significantly
different at p=6.95 (Duncan's Multiple Range Test).

TABTE 5

Mean Leaf and Stem Nitrogen Contents
3.2) of Plant Grown

(%\ at the First Sampling (Stage
in Experiment 3.

TMT %N

TEAVES STEMS

N1 SO

N0s0
N'1S1
N0s 1

4. 1 0b*
2.88d
4.53a
3.79c

2,20b
2,13b
2.45a
1 .93c

*Means within columns with the same letter are no! significantly
different aL p=Q.95 (Duncan's Multiple Range Test).
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TÀBIE 6

Mean Leaf and Stem Nitrogen Contents (%) al the First Sarnpling (Stage
3.2) of Plants Grown in Experiment 4.

TMT %N

TEAVES STEMS

N1 SO

N0s0
N',lS1

N0S'1

4. 1 9a*
3. 56b
4. 56a
3. 53b

2.2'1b
1 .60c
3.05a
1 .71c

*Means vrithin columns with the same letter are not
di fferent at p=Q.95 (Duncan's Multiple Range Test ) .

significantly
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The results presented here show a direct relationship between number

of seeds and seed weight, and the nitrogen concentrations, since the

plants that were water stressed (Treatments N1S1 and NOS1) accumulated

more nitrogen than Èhose plants that were not water stressed (Treatments

N1S0 and N0S0). In other words, of the two treatments that received N

fertilizer, treatments N1S0 and N1S1, the latter which was also water

stressed produced plants rlith higher N concentrations in each tissue

type. SimilarIy, among the non-fertilized plants, treatment N0S0 and

N0S1, the tissues of the stressed plants (Treatment NOS'1) accumulated

more N Lhan the nonstressed plants (Treatment N0S0).

4.2,2 Grorth staoe !.3 -Lower podls startinq t,o f ill

Àt the second sampling stage, the floral parts consisted of green

pods with immature seeds. The floral parts had the highest amount of N

followed by leaves while stems had the least concentrations (Tables 7,8

and 9), as is reported by Holmes (1980). rhe trends of N accumulation

observed at this growth stage were similar to those observed at the ear-

lier growth stage, that is, in all tissues analysed the highest N was

always in the tissues from plants that received N fertilizer and were

water stressed.

Vyas et al (1985) concluded that increasing the intensity of water

stress progressively increases the N concentration in the tissues of Se-

samum indicum. This appears to be true for rapeseed also, because appli-

cation of N ferlilizer increased the amount of N accumulated in each

tissue type. The N accumulalion was further enhanced by the imposition
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TABLE 7

Mean teaf, Stem and Floral Parts Nitrogen Contents (%) at
Sampling (Stage 4.3) of Plants Grown in Experiment

the Second
2.

TMT %N

LEÀVES STEMS FtORAt PARTS

N1S0
NOSO

N1 S1

NOS 1

1 .66b
0.89d
2.15a
1 ,26c

4.41b
3.38d
4.98a
3.87c

4,21a*
2 .10c
4.08a
3.24b

*Means within columns with the same letter are not
different at p=Q.95 (Duncan's MultipJ-e Range Test).

significantly

TABLE 8

Mean Leaf, Stem and Floral Parts Nitrogen Contents (%) at t
Sarnpling (Stage 4.3) of Plants Grown in Experiment 3

he Second

TMT %N

TEAVES STEMS FTORAL PÀRTS

N1 S0
NOSO

N1 S1

NoS 1

3. 56b*
2.38c
4.87 a
3.58b

1 .70b
0.80d
2.17a
1.06c

4.05b
3.22ð
5.86a
3.79c

*Means within columns with the same letter are not
different at p=9.95 (Duncan's Multiple Range Test).

significantly
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TÀBtE 9

Mean Leaf, Stem and Floral Parts Nitrogen Contents (%) al
Sampling (Stage 4.3) of Plants Grown in Experiment

lhe Second
A.

TMT %H

LEAVES STEMS FTORAL PÀRTS

N1 S0
N0s0
N1S',l

N0s'1

2.7 6br,
'1 .86c
3. 69a
2.57b

1.60b
0.61c
'1 .88a
0 .78c

3.03b
2.19c
3.49a
2.69b

*Means within columns with the same letter are not
different at p=9.95 (Duncan's Multiple Range Test).

significantly
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of water stress (tables 7,8 and 9). This increase of accumulation of N

in the stressed plants could be due to a dilution effect as a result of

the greater dry matter production in the nonstressed plants.

Leaf N concentrations at this stage varied greatly between the treat-

ments. There were no definite trends observable, except that leaves from

plants that were water stressed and had N fertilizer had the highest

concentrations of nitrogen. Stem N concentrations showed slightly more

definite patterns. There were significant differences between all the

treatments and application of N fertilizer at each watering regime gave

significantly higher concentrations of N. Nitrogen accumulation in the

flora1 parts followed a similar pattern (rables 7,8 and 9).

4,2,3 Grorth Staqe ã.! -tlaturitv

In experiments'1,2 and 3, only seed N concentrations were deLermined

at maturity. The results are presented in Tables 10,'l'1 and 12. In exper-

iment 4, bolh the pods and stems were also included in the analysis (Ta-

ble 13). Leaves were not included because they had all senescenced and

fallen off.

Seed N concentrations followed similar patterns as the other plant

parts in the earlier stages of growth. Àpplication of N fertilizer pro-

duced plants wittr trigtrer seed N concentrations than those plants that

did not receive any N f ertilízer (tables 10,1'1 ,'12 and 13) at each water-

ing regime. Despite the fact that plants that were fertilized and were

water stressed produced very few seeds, these were the seeds with the

highest N concentrations. This is in agreement with the work of Holmes
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TABLE '10

Mean Seed Nitrogen Contents (%) at Maturity of Plants Grown in
Experiment 1.

TMT %N Std. error of the mean

N1 SO

NOSO

N1 S1

NOSO

4. 1 0c*
3.51d
5. 14a
4.63b

0

0

0

0

07
05
04
02

*Means within columns with the same letter are no significantly
di f ferent at p=9. g5 (Duncan' s Mult iple Range Test ) .

TÀBIE 1 1

Mean Seed Nitrogen Contents (%\ aL Maturity of Plants Grown in
Experiment 2.

TMT %N Std error of the mean

N1 S0
N0S0
N1 S1

N0S'1

5

4

5

4

'1 2ab*
50c
56a
56be

0

0

0

0

55
63
80
53

*Mean with the same letter are not significantly different at p=
0.05 (Duncan's Multiple Range Test ) .



55

TMT

TÀBIE 1 2

Mean Seed Nitrogen Contents (%) at Maturity of Plants Grown in
Experiment 3.

%N Std error of the mean

N1 S0
N0s0
N1 S1

N0S 1

4 .47b*
3 ,71c
5.40a
4 .46b

0.51
0,24
0.11
0.34

*Means w t same
0.05 (Duncan's Multiple Range Test ) .

TÄBLE -13

Mean Stem, Pod and Seed Nitrogen Contents at Maturity of Plants Grown in
Experiment 4.

TMT %N

STEMS PODS SEEDS

t etter are not s gn t cantly d fferent at p=

N1 S0
N0s0
N'1S1

NOS 1

1.14a*
0. 33c
1 .30a
0. 64b

1"17c
0. 75d
2.09a
1 .47b

4. 14b
3.40c
4.75a
4. 18b

*Means within columns with the same letters are not significantly
different at p=Q.95 (Duncan's Multiple Range Test).
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(1980) and Nuttall (1970) that when moisture is limiting to growth, âP-

plication of N fertilizer though detrimental to dry matter production

leads to an increase in the N concentrations as a result of the lower

yield response.

In three of the four experiments (rables 11,12 and 13), there lrere no

significant differences between N concentrations of seeds from plants

that received N fertilizer and were nonstressed (Treatment N1S0) and

plants that did not receive any N fertilizer and were water stressed

(Treatment N0S1). This again goes to show the effect water had on the N

concentrations, probably due to the greater plant growth experienced

when water was not limiting. More nitrogen tias accumulated in the

stressed plants as conpared to the nonstressed ones in the N applied and

no N applied treatments (rables 10,11,12 and '13).

At maturity, pods contained higher concentrations of N than did the

stems (rable 13), with the exception of the Treatment N1S0, and just

like in the seeds, most N vras accumulated by pods and stems from plants

tha! received N fertilizer and were water stressed (Treatment N1S1).

Similar patterns of N accumulation as observed in the seeds in regard to

to the effect of water on N accumulation were also observed in the stems

and pods (ta¡te l¡). Since most of the N present in the stems at fhe

earlier sampling stage was not detectable at maturity, it is logical to

conclude that nost of it was translocated to the seeds as is known to

happen (nood and Major 1984).
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4.3 DRY MÀTTER ACCUIUTATION ÀND PÀRTITIONING

At the first sampling stage (tabte lA) leaves had the highest dry

weight as compared to the second sampling stage (rable 15). The drop in

leaf dry weight in each treatment as plant development continued could

have been due to translocation of assimilates from the leaves to the de-

veloping stems, reproduclive organs and roots (Chapman et al 1984). This

translocation could explain the fact that stem dry weight was higher at

the second sampling stage than at the first sampling stage (tables 14

and rþr.

teaf dry weight accumulation was affected more by lack of N fertiliz-

er than by water stress at the first sampling stage (tab1e 14'), but at

the second sampling stage (faUte lS) the effects were not so obvious. Àt

the first sampling stage (tab1e 1¿), leaf dry weights were not signifi-

cantly different among the N fertilized plants and neither were they

significantly different among the nonfertil-ized plants. Àt the second

sampling stage (raUte lS) leaf dry weights from aII the treaÈments were

signif icantly di f ferent.

The stem dry weights during the first sampling stage (rable 14) was

significantly higher in the water stressed plants than in the nons-

tressed ones. At the second sampling stage (table 15), lhe effects of N

were observed in the well walered plants. Àt seed maturity (table 16),

significant differences in stem dry weights were observed only beLween

and not within the watering regimes.

The fIoral parts had the highest dry weights when N fertilizer was

apptied to nonstressed plants (table'15). Àt maturity (table 15), the



58

TMT

TABTE 1 4

Mean Leaf and Stem Weights (g) at the First Sampling (Stage 3.2) of
Plants Grown in Experiment 4.

DRY WEIGHTS
(gms)

LEAVES STEMS

N1 S0
N0s0
N1 S1

N0S 1

4 .49ax
3.51bc
4.11ab
2.90c

0 .88c
0 .84c
1.48a
1 .23b

*Means within columns with the same letter are not s
different at p=9.95 (Duncan's Multiple Range Test).

igni f icantl-y

TÀBtE 1 5

Mean teaf, Stem and Floral Parts Dry Weights (g) at the Second Sampling
(Stage 4.3) of Plants Grown in Experiment 4.

TMT DRY WEIGHTS
(gms)

tEÀVES STEMS FtORÀt PÀRTS

Nl SO

N0S0
N1 51
NOS 1

2 ,81a*
1 .15c
1 .60b
0.53d

4.85a
3. 57b
2.75c
2.83c

3 .90a
2.69b
2.43b
2 .00b

*Means within colunns with the same letter are not s ignificantly
different at p=Q.05 (Duncan's Multiple Range Test).
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TÀBLE 1 6

Mean Stem, Pod and Flora1 Parts Dry Weights (g) at Maturity of Plants
Grown in Experiment 4.

TMT DRY WEIGHTS
(gms)

STEMS PODS SEEDS

N'1S0

N0S0
Nl S1

N0S 1

3.30a*
3.12a
2.34b
2.06b

2.04a
1.76a
1 .04b
0.51c

2
,1

0

0

45a
84b
99c
46d

*Means within columns with the same letter are not significantly
different at p=fl.95 (Duncan's Multiple Range Test).
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floral parts were separated into pods and seeds. The highest pod and

seed dry weights were obtained from the plants that had received both N

fertilizer and an adequate water supply (Treatment N1S0), and the lorvest

when the two factors were limiting (Treatment NOS1 ). uajor and Charnet-

ski (1976) reported that even though pods contain high levels of photo-

synthates, there is little evidence of any of the photosynthates being

translocated to the seeds. In terms of seed development this means a

loss of dry matter. Since dry weight accumulation in B. napus occurs be-

fore anthesis (Richards and Thurling 1978b), seed and pod dry matter

must be nainly a resuLt of remobilization of assirnilates from the al-
ready existing organs, namely stems, leaves and roots.

In general the plants showed an erratic dry weight accumulation espe-

cially in the stems. However, it is obvious that N fertilizalion coupled

with an adequate water supply favoured both leaf and floral parts dry

weight accumulation.

Àt the first sanpling stage, an average of 77% ot the total dry mat-

ter accumulated by the above ground portion of the rapeseed plants was

in the leaves (rigure 1). Stems contributed the remaining 23%, By the

second sampling stage, leaf dry weight was a mere 18.57" of the total dry

weight accumulated, while the stem dry weight had more than doubled

(45.75%). The remaining 35.75% was contributed by the flora1 parts. Àt

maturity leaves did not contribute to the Èotal dry matter accumulated

since they had senescenced and fallen off. Stems now contributed over

half of the total dry matter (52.5%') , pods about one quarter (24.25%),

and seeds the remaining quarter Q3.25%),
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Figure 1: Mean Dry Weights of leaves, stems, fIoraI parts, pods and

seeds as percentages of the total DM.
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It is interesting to note that at the first and final sampling stages

(nigure 1 ), stem dry matter was highest when water was limiting to

growth. That is the stressed plants consistently had higher stem dry

matter accumulation than the nonstressed plants. Also in each watering

regime, application of N fertilizer lowered stem dry matter accumulaLion

(Treatments N1S0 versus N0S0 and N151 vs N0S1), but increased leaf dry

matter accumulation. This contradicts the results of Rood and Major

(1984) that stem growth of E. napus is more responsive to irrigation

than to N treatments. This discrepancy could be a result of the differ-

ent growing conditions experienced by the plants. Àccording to Rood and

Major ('1984), leaf growth is more responsive to N treatments than to ir-
rigation, which was also found to be true here especially at the second

sampling stage (rigure 1 ).

4.4 NITRÀTE-N ACCT'I.TT'IATION åND PARTITIONING

The highest concentration of N0¡-N rras accumulated where N fertilizer
and water stress were combined (Treatment N1S1 ) at each sampling stage

(rigure 2). This is in accordance with the conclusions of Fribourg and

Loveland (1978) and Wright and Davison (1964) tnat NOs-N accumulates in

plants under drought stress, mainly because water stress results in de-

creased nitrate reductase activity as well as in photosynthesis. Lower

NOs-N concentrations were obtained where N fertílizer was not applied,

reemphasizing the conclusions of Splittoesser et al (1974) that applica-

tion of high levels of N fertilizer can lead to additional accumulation

of nitrates in plant tissues.
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Figure 2: Total plant NO3-N contents (g g-1dwt) at the three

sampling stages
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Àt the first sampling stage (tabte 1z), stems had higher N03-N con-

centrations than leaves in all the treatments. By the second sampling

stage (Table '18), stem N0s-N was lower except in Treatment N'1S0 presum-

ably due to higher reduction rates engineered to meet the demand for N

for the devetoping floraI parts and/or leaves. At maturity, (rabte '19)

stems and pod NO¡-N concentrations were not very different. concentra-

tions. Pods had lesser concentrations, and no N0s-N was detected in the

seeds. These results agree with the conclusions of Wright and Davison

(1964) tnat nitrate accumulation ín the plants is not uniform, and that

stems usually contain the highest concentrations of nitrates followed by

leaves, and floral parts contain the least concentrations.

Àpplication of N fertilizer to plants that had an adequate water sup-

p1y (rigure 3) gave plants with high NOs-N concentrations. The concen-

trations present though, decreased as the plants matured mainly due to

the demand for N for synthesis of amino acids (rinlayson and Christ

1971). The greatest reductions in the N0s-N concentrations occurred in

the stems, where 90% reductions occurred from the first sampling stage

to maturity. By the second sampling stage, 20% of the NO¡-N present in

the leaves had been lost, presumably to the developing pods and seeds.

À11 the NO3-N in the floral parts at the second sampling stage ended up

in the pods (nigure 3).

Lower concentrations of NO3-N (nigure 4) were accumulated in plants

that did not receive N fertilizer but had an adequate water supply

(Treatment N0S0). fi¡e reductions of the N0s-N concentrations in all the

tissues were also of lower magniÈudes than in this Lreatment. Stem

NO¡-N decreased by 66.7% by the second sampling. By maturÍty, stems
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lMT

TÀBLE 1 7

Mean Leaf and Stem NO¡-N Contents (g g-1dwt) at the First Samplíng
(Stage 3.2) of P1anls Grown in Experiment 4.

NOg-N (g g-r dwt)

LEAVES STEMS

N',lS0
N0S0
N1S 1

NoS 1

0.047b*
0.040b
0.065a
0.0'18c

0. 1 21a
0.065b
0..130a
0.033b

rrMeans within columns with the same letter are not significantly
different at p=6.95 (Duncan's MuItiple Range Test).

TABTE 18

Mean Leaf, Sten and Floral Parts NO3-N Contents (g g-1dwt) at the
Second Sampling (Stage 4.3) of Plants Grown in Experiment 4.

TMT N0¡-N (g g-1 dwt)

TEAVES STEMS FtORAt PÀRTS

N1 S0
NOSO

N1 S1

NOS 1

0.044b*
0.029c
0 . 08'1a
0.027c

0,077a
0.025b
0.086a
0.032b

0.016ab
0. 008c
0,022a
0.01Obc

*Means within columns with the same letter are not significanlly
different at p=0.05 (Duncan's MuItiple Range Test).
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TÀBLE 1 9

Mean Leaf and Pod NO3-N Contents (g g-ldwt) at Maturity of Plants Grown
in Experiment 4.

TMT NOs-N (g g-I dwt)

STEMS PODS SEEDS ]

N-1SO

N0S0
N',l S',l

N0s'l

0.020b*
0.0'13c
0.026a
0 . 014c

0 . 0'l 7ab
0.012c
0 . 021a
0.013bc

*Means within columns with the same letter are not significantly
different at p=9.95 (Duncan's MultipJ-e Range Test).
lUndetec tabIe.
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Figure 3: Nitrate-N distribution in plants grown under an adequate

water suppÌy and N fertilizer (Treatment N1S0).
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Figure 4: Nitrate-N distribution in plants

but did not receive N fertilizer
that llere well watered

(Treatment N0S0).
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contained only one-sixth of the N0¡-N concentrations that was detectable

at the first sampling stage. Leaf NO3-N decreased by 25% from the first

to the second sampling stage, and all bhe NO3-N in lhe floral parts at

the second sampling stage was reflected in the pods at maturity.

The highest concentrations of NOs-N (rigure 5) were accumulated in

the plants that received N fertiLizer and were water stressed (Treat-

ment N1S'1). Unlike in the other tissue types, leaf NOg-N was higher at

the second sampling stage than at the first sampling stage. lhis could

possibly be due the nonuniform distribution of nitrates in the planl,

and the fact that the concentration of nitrates can vary, even in a

matter of hours (Minotti and Stankey 1973t. Àt this stage the plants

were in their reproductive phase, hence it would be expected that their

metabolic rates were high, thereby requiring large concentrations of ní-

trogen.

Stem NO3-N decreased by a third by the second sarnpling stage in these

plants that received N fertilizer and were water stressed (rigure 5). By

maturity, only abouL 20% of the original concentrations of N0s-N re-

mained in stems. Like in the oLher treatments, all the NO¡-N in the flo-

raI parts at the second sampling stage was reflected in the pods at ma-

turity.

Tissues from plants whose growth was inhibited by lack of both N fer-

tilizer and an adequate water supply (Treatment NOS1 ) had the lowest

concentrations of NO¡-N (Figure 6). In this treatment, stem NOs-N showed

no significant differences during lhe first two sampling stages, but de-

clined by about 67%by maturity. f,eaf NO¡-N showed an increase from the
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Figure 5: NiLrate-N distribution in plants that received N fertilizer

and were water stressed (Treatment N'1S'l ).
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Figure 6: Nitrate-N distribution in plants that were both N fertilizer
and water stressed (Treatment NOS1 ).
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first to the second sampling stage while the concentrations of NO¡-N ac-

cumulated by the floral parts by the second sampling and by the pods at

maturity were similar.

in all the treatments, the concentrations of NO¡-N in the mature tis-

sues was substantially lower than in the younger tissues (nirst and Sec-

ond sampl- ing stages). This could be the result of a number of evenLs,

(1) most of NOg-N being reduced, Q) the slower metabolic rates in older

tissues as well as (3) loss of some N0s-N through the senescenced

leaves. Since nitrates do not enter the phloem (Greenwood and Hunt

1986), translocation is ruled out as a reason for the lower concentra-

tions of NOg-N concentrations in the older tissues.

I.5 AI.ÍINO.N ÀCCUIUIÀTION ÀND PARTITIONING

Most amino acid synthesis in plants occurs in the leaves (Novoa and

Loomis 1981), and most of these amino acids are either polymerized into

proteins in the leaves or translocated to other parts of the p1ant.

The distribution of tolal amino-N as determined by the reaction with

ninhydrin (Spies 1957), throughout the growth of the plants is presenled

in Figure 7. The concentrations of amino-H (rigure 7) were much higher

than the concentrations of NO¡-N during the second sampling stage (nig-

ure 2). at malurity though, the concentrations of amino-N was less than

the amount of NOg-N. The reason for the low concentrations of amino-N

at this stage could be due to the fact lhat the ninhydrin reaction is

based on the formation of a blue colour at pH 5 with compounds having

free amino groups. If the amino group was converted to non alcohol solu-

ble material, it would not be delected by this method.
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Figure 7: Whole Plant total amino-N distribution throughout the growth

of lhe plants.
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The highest amino-N concentrations was accumulated by the second sam-

pling (rigure 7). This lvas the stage when the pods were starting to fill

hence there vlas a great demand for nitrogen for the growth of the pods

and seeds. It appears that after this period of high demand for nitrogen

and after the seeds were formed the amino-N detectable by the ninhydrin

reaction decreased drastically. Leaf amino-N concentrations at the first

and second sampling stages are presented in Table 20. Leaf amino-N con-

centrations were higher at the second sampling stage. The concentrations

at the second sampling stage were actually double what they were at the

first sampling stage in each treatment. This could be due to the fact

that amino acid synthesis occurs in the leaves (Novoa and Loomis 1980)

and that at this stage the plants yrere at the peak of Lheir metabolic

activity prior !o lhe development of the reproductive organs. Leaf ani-

no-N concentrations at this stage did not show significant differences

among the treatments.

Slen amino-N concenlrations showed a peak at the second sampling

stage and and then dropped by maturity (rable 21). Àt the first sampling

stage the stems of the water stressed N fertilized plants (Treatment

N151 ) had the highest amino-N concentrations. This vlas also true at the

second sampling stage (tabte Zl). Significantly higher concentrations of

amino-N were detected in the stems of plants that received N fertilizer

and were water stressed at both the first and second sampling stages.

Àt maturity (table 21)., stems of the p1anLs which received N fertilizer

and were weII watered (TreaLment N1S0) had significantly higher amino-N

concentrations than the plants in the other treatments.
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TÀBtE 20

Mean Leaf Àmino-N Contents (g g-1dwt) of Ptants Grown in Experiment 4.

TMT ÀMINO-N (g g-1 dwt)

STAGE 3.2 STÀGE 4.3

N1 S0
N0S0
N1S1
N0S 1

0.038ab*
0.032b
0.045a
0.032b

0.078ab
0. 063b
0.090a
0 . 07.1ab

*Means within columns with the same letter are not
different at p=Q.95 (Duncan's MuItiple Range Test).

significantly

TÀBtE 21

Mean Stem Àmino-N Contents (g g-ldwt) of Plants Grown in Experiment 4.

TMT ÀMINO-N (g g-1 dwt)

STÀGE 3.2 STÀGE 4.3 MATURI TY

N1 S0
NOS O

N',l S'1

NoS 1

0.026bc*
0.0'17c
0.058a
0.031b

0.098a
0.0s3b
0.098a
0.053b

0.0'19a
0.0'12c
0.016b
0. 01 0c

*Means within columns with the same letter are not significantly
different at p=Q.95 (Duncan's Multiple Range Test).
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Àt the initial sampling stage, the well watered plants did not show any

significant differences in the stem amino-N concentrations but the

stressed plants (table 21) did. Àt the second sampling stage (rab1e 2'1),

stem amino-N concentrations showed no significant differences between

either the two N levels or the two watering regimes. That is there v¡ere

significant differences between the treatments which were both non-fer-

til-ized, and the two that received N fertilizer. Àt maturity however,

(rabte Z'1 ) this was only true f or the no N leveI.

The floral parts amino-N (rable 22) al the second sampling stage were

highest when plants received N and were water stressed. At maturity,

pods gave amino-N concenlrations that were significantly different be-

tween the N treatments at each watering regime. Seeds amino-N concentra-

tions ruere very low and showed significant differences between the N

treatments in each watering regime

If the total amino-N concentrations at maturity (pods + seeds amino-

N) are summed, one finds that these concentrations were far much lower

than the flora1 parts amino-N concentrations at the second sampling

stage in each treatment (tables 22). AL maturity pods and seeds account-

ed for only between 15 and 25% of the amino-N detected at the second

sampling stage. it is not understood what happens to the other 75-85% ot

the amino-N. The only assumptions that can be made at this stage, is

that most of the amino-N was incorporated into proteins during the re-

productive growth and thus less alcohol so1uble, or perhaps a major por-

tion was remobilized to the leaves and lost as they senesced. This is

however an an area fhat requires further investigation.
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TMT

TÀBIE 22

Mean Floral parts Àmino-N Conlents (g g-1dwt) of Plants Grown in
Experiment 4.

ÀMINO-N (g g-1 dwt)

STAGE 4.3 MATURI TY

FLORAL PÀRTS PODS SEEDS

N1 S0
N0S0
N1 S1

NOS-1

0.015c
0. 01 2b
0,026a
0.018b

0.141b*
0. 'l 15b
0.20'1a
0. 1 03b

0.0072bc
0. 0062c
0.0093a
0.0076b

*Means within columns with the same letter are not significantly
different at p=9.05 (Duncan's MultipJ.e Range Test).
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Stem amino-N concentrations of the the plants that received N ferti-
lizer and were not water stressed (Treatment N1S0) increased over three-

fold (figure 8) from the first to the second sampling stages. By maturi-

ty only about 20% of. the amino-N detected at the second sampling stage

remained. The floral parts at the second sampling stage had the highest

amino-N concentrations (rigure 8). Àt maturity the amino-N content was

partitioned into pods and seeds and maybe some translocated to other

parts of the plant. About 85% of. the amino-N detected at the second sam-

pling stage was perhaps in the protein fraction that was not assayed.

Lack of N fertilizer when water supply was adequate (Treatment N0S0)

gave plants with lower amino-N concentrations (nigure 9) than when N

fertilizer was not limiting !o growth (rigure 8). Stem amino-N increased

three-fo1d fron the first to the second sampling stages. The lower ami-

no-N concentrations of plant tissues in this treatment (¡¡OSO) as com-

pared to the amino-N concentrations of the plants that were well watered

and received N fertílizer (figure 8) could be due to a lack of N ferti-
lizer.

When plant growth was inhibited by lack of an adequate water supply

when N fertilizer was applied (Treatment N1S1 ), the highest amino-N con-

centrations were realized in each tissue type (Figure 10). Stem amino-N

concentrations almost doubled by the second sampling stage, but by ma-

turity only about one-sixth of that concentrations was detectable. At

the same time leaf amino-N concentrations doubled by the second sampling

stage (rigure 10). The floral parts amino-N concentraÈions at the second

sampling stage in this treatment (HlSl) were the highest of all the tis-
sues at a1l the growth stages and in all the treatments (nigure 10). At
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Figure 8: Àmino-N distribution in plants that were grown under an

adequate water supply and received N fertilizer
(Treatment N'1 s0 ) .
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Figure 9: Amino-N distribution in plants that were well watered but

did not receive N fertilizer (Treatment N0S0).
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Figure 10: Ànino-N distribution in plants that received N fertilizer
and were water stressed (Treatment N1S1 ).
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maturity, pods accounted for only 13% of.

only 4.5%, leaving 82.5% unaccounted for.
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this amino-N content, and seeds

P1ants that did not recive N fertilizer and were water stressed

(Treatment NOS1 ) iraA l-ow amino-N concentrations in aI1 plant parts (nig-

ure 11). This would however be expected because the metabolic rates of

these plants must have been very Iow. Stem amino-N concentrations did

however show increases (two-fo1d) from the first to the second sampling

stages. The stem amino-N concentrations then declined to about one-fifth

at maturity. Leaf anino-N concentrations more than doubled by the second

sampling stage (nigure 1'1 ). !,then compared to the stressed plants that

received N fertitizer (nigure 10), amino-N concentrations of the plants

that did not receive N were exactly half the concentrations of the

pl-ants that received N. This difference could only be due lo the lack

of fertilizer in one and not ín the other since both treatmenls were v¡a-

ter stressed. Pods at maturity accounted for 18% ot the amino-N detecLed

in the floral parts at the second sampling stage, and seeds accounted

for only 8%. The remaining 74% was not accounted for.

In general, N fertilizer r+as essential for amino-N accumulation in

all tissues, and water stress greatly enhanced this accumulation. This

enhancement of free amino-N accumulation could be because water stress

inhibits the incorporation of amino acids into proteins (CIeIand 1975)

thereby leading to their accumulation.
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Figure '1 
1 : Amino-N distribution in plants that were both N fertilizer

and water stressed (Treatment NOS1 ).
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4.5 T{ÀTER USE EFFICIENCY

I.later use ef f iciency (w.u.e. ) was calculated f or the plants in exper-

iment 4 only (table 23). The total amount of waLer was cumulative amount

throughout their growth. The N fertilized and well watered plants

(Treatment N1S0) used more water than the plants in the other treatments

and produced significantly more dry matter (raUte Z¡).

In each watering regime, the non-fertilized plants used less water

and hence produced less dry matter than the fertilized plants. It ap-

pears that N ferLilizer promoted water use, and more so in the well wa-

tered plants. The effect of N fertilizer on water use in the stressed

plants was not as great as it was in the nonstressed plants. point that

application of N fertilizer to plants under water stress leads

The w.u.e. of the nonstressed plants was not greatly affected by the

application of N fertilizer whereas the effects of N on lhe w.u.e. in

the stressed plant was great (raUte Z3). In other words the effect of N

on the w.u.e. rlas evident under stress and not when water supply was ad-

equate.

The most inefficient plants in water use were the ones that were both

water stressed and non-ferlilized (Treatment NOS1 ). They required over

3000 g of water to produce 1g of dry matter. The nonsLressed plants

(Treatments N1S0 and N0S0) were about twice as efficient. They required

about'1600 g of water to produce 19 of dry matter. The amount of water

required !o produce 1g of dry matter here, even in the nonstressed

plants is too large compared to field conditions.
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TÀBtE 23

Water Use Efficiency of P1ants Grown in Experiment 4

TMT TOTAL DRY

MATTER (9)
AMOUNT OF

WÀTER USED
(g)

GRAMS DM PER
1 0009 WÀTER

WATER (9) PER
g DRY MATTER

N1 S0
N0s0
N1S',l

N0s 1

7 .82a*
6.72b
4.37c
3.03d

1277 1

10725
10851
1 0049

0.61
0 .63
0.40
0.30

1 633
1 596
2483
3316

*Means within columns with the same letter are not significantly
different at p=9.95 (Duncan's Multiple Range Test).
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4,7 EXPERIMENTAT IIMITATIONS

In the course of the study, several limiting faclors tvere encoun-

tered. The pots used had perforations at the bottom and this posed the

probJ.em of water running off especially in the stressed plants. Thís rvas

however overcome by Iining the pots with plastic paper. The plants were

oftenly attacked by insects especially aphids. These were sprayed on as

soon as they were detected. Powdery mildew was another comnon problem.

In lhe nitrogen analysis, errors could have occurred in the back ti-

tration with acid. In the N0s-N and amino-N determinations, the extrac-

tion procedure could have been incomplete. Errors could also have oc-

curred in the weighing of sampJ-es and in the pipetting and dilution of

the small amounts of samples used.



Chapter V

SI'I.IMÀRY ÀND CONCIUSIONS

From the results presented on the growth parameters of rapeseed (q.

napus), it is readily noted that all the parameters measured, apart from

the maximun number of leaves on the main branch, were greatly affected

by water stress. Àpplication of N fertilizer when Lhere was an adequate

water supply promoted the growth of most of the plant parts especially

the final seed yie1d. Under water stress on the other hand, application

of N fertilizer enhanced the effects of water stress on lhe growth of

all plan! parts especially plant height and the final seed yie1d.

Nitrogen accumulation in the plants rlas promoted by application of N

fertilizer and mostly when the plants were also water stressed. Leaves

had consistently higher concentrations of organic N than the stems dur-

ing the plants' vegetative growth phase. Às the plants matured and en-

tered the initial stages of their reproductive phase (second sampling

stage), the concentrations of organic N in the leaves decreased.

The floral parts had the highest amounts of organic N. Stems organic

N decreased by the time the plants reached maturity. This decrease in

both the stems and leaves in organic N was attributed to the remobiliza-

tion of nitrogenous compounds to the developing pods and seeds. Leaves

however had the capacity to retain most of their nitrogen, or else they

were able !o balance any remobilization by increasing both their meta-

bolic and photosynthetic activities.

98
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Seed N concentrations at maturity were consistentLy high in the

plants that received N fertilizer and were also water stressed. Since

dry matter decreased under this conditions, there tvas an inverse rela-

tionship between dry matLer production (or growth) and seed N conlent.

The nitrogen content was diluted as a result of greater plant growth in

the nonstressed plants. It is assumed the nitrogen in the seeds at ma-

turity was translocated from the other plant parts. However, stems sti1l

retained 7-18% (depending on the treatment) of their nitrogen by maturi-

ty and pods had 17-26% N, Since pods are not known to translocate their

assimilates to the seeds (tuajor and Charnetski 1976) it is logical to

conclude that 24-42% of the organic N in plants at maturity is Lost

through the pods and stems. Seed accounted for 58-76% of the organic N

present in the plants at maturity.

Dry matter accumulation in the different tissues was greatly affected

by stage of growth as well as the water and N fertilizer treatments.

When the plants were in the vegetative phase, the bulk (over 70%) of the

dry matter was in the leaves. Stems contributed less than 30% ot the to-

tal dry matter. Stem dry matter accumulation vJas more sensitive to wa-

ter stress than to the N fertilizer treatments during the vegetative

phase.

As Èhe plants entered the reproductive phase, the stem growth was at

its highest, and conLributed to the highest percentage (40-52%) of the

total plant dry matter. By this time the leaves were presumably translo-

cating most of their assimilates to the developing pods and seeds and so

accounted for the lowest (11-24%) dry matter contribution. Stems dry

weight showed a slight decrease irnplying little or no translocation of

assinilates from the stems.
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The seed of the rape plant is mainly composed of oil cells since it

is an oil plant.One would then expect the amount of nitrogenous materi-

al to be fairly Iow. The oil content was not analysed in this work due

to the small samples obtained, especially in the water stressed pLants.

When grown under normal field conditions, rapeseed yield 43% oíl and the

meal has a protein content ot. 37%.

During the vegetative growth phase of the plants, most of the nit-

rogenous material present in the plants (Ieaves and stems) were in the

form of NO¡-N rather lhan amino-N. Leaves always had lesser amounts of

NOg-N than stems ma¡rbe because most nitrate reduction occurs in the

leaves and not in the stems (Greenwood and Hunt 1986). The NO¡-N detecL-

ed in the stems could have been what was in the transpiration stream on

its way up to the leaves where it would be reduced at rates determined

by such factors as age of leaf, growing conditions and light intensity

(creenwood and Hunt '1986).

As the plants started producing reproductive organs (second sampling

stage), there vlas more amino-N than there l¡äs NOg-N. This could have

been because at this growth stage more nitrogen as amino acids and pro-

teins was required for the developing pods and seeds. The floral parts

especially contained very little NOg-N as compared to the amino-N pres-

enl.

Seeds and fruits of most plants accumulate very litt1e or no nitrate

(wrigirt and Davison 1964). Rapeseed rvas no exception. No NO3-N was de-

tected in the mature dry seeds. Even the concentraÈions of amino-N were

incidentalJ.y also very low. It is assumed that the bulk of the amino-N
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detected at the early sLages of the reproductive phase was converted to

proteíns at maturity

The data presented here is from pot experiments conducted in the

greenhouse. It is generally agreed upon that such results cannot be

translated to field conditions. This fact is made more evident here by

the growth parameters and vl.u.e. data. The plants were very inefficient

in water use.

In conclusion, the results of this study reemphasize the importance

of nitrogen fertilizer and water for maximum yield production. i.Iith the

application of niLrogen fertilizer, relatively large amounts of energy

are required for the synthesis and naintenance of the nitrogenous com-

pounds. Limited nitrogen supply on the other hand may lead to continuous

remobilization of nitrogenous compounds from older tissues.

Growth under nitrogen deficiency causes a slower rate of dry malter

accumulation and in water deficient conditions transport and uptake of

nutrients is restricted. In such cases, nitrogen can become unavailable,

and any growth parametes controlled by nitrogen for example dry matter

production and yield are depressed, while the nitrogen concentration in

the tissues is affected in an opposite manner.

The amino-nilrogen was not analysed further to give an indication of

what type of amino acids are present in rapeseed. This is an area that

can be looked into in the future. Fractionating of lhe amino portion of

the nitrogen might shed some light as why very litt1e amounts of amino-N

is detected in the plants.
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Chapter VI

ÀPPENDIX

'IABLE 24

Water Use (g) sxperiment 1.

DÀYS ÀFTER
PIÀNTING

TREATMENTS

Nl S0 NOSO N1 51 N0S1

NO. OF DÀYS
TÀKEN TO

DEPLETE THAT
WÀTER

7

14
'19

24
29
32
36
40
43
48
56
62
67
70
79
87

TOTÀtS

394
389
312
675
737
719
698
722
724
736
669
684
754
729
-*

441
397
321
751
745
815
707
618
670
725
570
661
618
603

418
403
409
489
s6'1

336
448
447
342
570
904
929
914
201
602
878

472
422
443
509
508
409
545
527
396
996
973

1018
575
345
398
354

7

7

5
5

5

5
4
4

3

5
I
6
5

3

9
I

8942 8742 8851 889'1 87

*Plants had matured.
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TÀBIE 25

Water Use (g) nxperiment 2.

DÀYS ÀFTER
PLÀNTING

TREATMENTS NO. OF DÀYS
TÀKEN TO

DEPTETE THÀT
WÀTER

N1 S0 N0S0 N1 51 N0S1

7

15
18
22
25
28
33
39
43
46
49
55
65
72
76
91

340
427
128
268
678
845
951

107 2

781
384
383
640

1 028
726
857
-*

332
328
167
338
683
695
897

1082
750
269
3s6
632
842
703
796

33s
450
155
349
1 6'1

389
648
388
54',1

411
221
443

1'113
696
397
906

312
370
189
294
171
317
528
634
442
332
248
495
793
528
302
801

1

I
3

4

3

3

5

6

4

3

3

6

0

7

4
15

TOTÀtS 9508 8870 7609 6756 91

*Plants had matured.
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TABTE 26

I,tater Use (g) nxperiment 3.

DÀYS AFTER
PTANTING

TREATMENTS

N'ISO N0S0 N1S1 N0S1

NO. OF DÀYS
TAKEN TO

DEPLETE THAT
}IÀTER

5

I
18
26
33

326
317
575
940
832
702
330
316
548
493
317
300
-*

310
309
551
905
797
563
283
231
453
381
324
283

320
316
522
464
460
329
205
'199

331
397
549
423
325
161
429

307
30i
509
452
457
326
196
185
309
371
405
380
282
153
467

5

4

9

I
7

5

3

3

5

4

9

4

4

3

7

38
41
44
49
53
62
66
70
73
80

*Plants had matured
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TABLE 27

Routine Soil Analysis Report.*

EXPT s0I t
SAMPTE

PH N0 3 -|'f *:t
(ppm)

AVÀIIABLE AVÀILÀBLE***
PHOSPHOROUS POTASSIUM

(ppm) (ppm)

S0a$****
(ppm)

N

APPLI ED

N NOT
ÀPPLI ED

7.2 88 10.8

9.9

320

329

20

7.3 57 20

N

ÀPPtI ED

N NOT
APPLI ED

7.3 1'10 6.8

5.3

218

230

20

20
2

7.3 26

3

N

APPLI ED

N NOT
ÀPPLIED

7 .2 126

7,3 39

8.5

7.3

265

283

20

20

4

N

ÀPPtI ED

N NOT
ÀPPII ED

7 .3 108

7.3 20

8.3

7.1

250

269

20

20

*Manitoba Provincial Soil Testing Laboratory
**Sodium Bicarbonate Extractable
rt**fi¡¡¡g¡ium Acetate Extractable
:k*tt:t[rf¿lg¡ SO]uble
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TABTE 28

Leaf Water Potential (bars).

TREATMENT WATER POTENTIAL
( bars )

N'1S0
N0S0
N1S1
N0S 1

-6.05
-5. 78

-12,31
-12.72


