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ABSTRACT

The patterns of activity «f nitrate reductase (NR in
| eaves and the devel opnent of crude protein in grains (GO
were studied in tvo genotypes of maize (HYBR D 8321-21 and
TZB Farz-21) under four |levels of soil-applied N (0, 80,
120, 160 kgN/ ha), two N-sourceS(UREA and CAN) and at various
stages of plant grow h.

" Plants v/iere raised in conpletely randomzed plots. The
plants were sanpled fortnightly for leaf nitrate reductase
activity (NRA), weekly for ear leaf NRA during grain filling,
and at 10 days intervalsfor grain protein. Results were
anal ysed using Analysis of Variance for 2 x 2 x 4 x 9 x 3
factorial design.

There were no significant differences in NRA between the
two varietes. The TZB however had significantly higher GPC
at 0 and 80KgN ha. Uea treated plants had a significantly
hi gher NRA than CAN treatnents, whereas their difference in
effect on GPC was not significant on GPC. In both varieties,
both NRA and GPC were found to increase with increase in
soil-applied N-l1evel; the increase being significant in NRA
while it was not significant in GPC at 120 and 160 KgN ha
regardl ess of N-source and sanpling date, NRA tended to
increase with increase in vegetative growh up to flov/ering
after which it becane erratic. The ear |eaf contained a | ower
NRA than the vegetative leaf in both varieties, and its (ear
leaf's) NRA was not a direct function of N-level. The
difference in GPC at 10, 20, and 30 days after anthesis was
not significant in both varieties but a peak was observed

rTidV\ay during filling. @GPC was significantly correl ated



with NRA at nil the three stages of grainfrillingin both
varieties at all sanpling dates for NRA, and hence the l|atter

could be used effectively to predict grain quality in the
two varieti es.
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b CHAPTER ONFE

INTRODUCTION

y Maize (Zea mays L.) (n= 10) is the third most
impoftant éereal in the world after wheat and rice
(Purseglove 1968), Worldwide, meize is used for
three different purposes: human consumption, live-
stock 'foed, and as a raw material for many industrial
HroducfE.P . |

As cereals form the major source of protein in
the Third gorld countries, researches on the economic
and nutritional qualities of maize are becoming increa-
singly iméortant. One important area of such researches
is breeding for new genotypes with higher grain yield!
and guality (the latter ursually expressed in terms of
percentage (%) grain protein content), lsvel of
essential %mino acids and mineral elements,

In Nigeria there has been an increace in demend
for maize, Apsrt from its traditionnl role as e staple
source of carbohydretes, it is being used as a sub-
stitude for imported wheat and barley for making bread,
poultry feed and bear,

It is in response to this demand that the
International Institute for Tropical Agriculture (IITA),
Ibadan, introduced a hybrid maize fo~ cultivation in
1984, However, the main aim of producing the hybrid in

1983 was to maximize grain yield and no*t grain quality.



Consequently, there is nnt much said sbout the

quality of the grain of this hybrid in the literature,
Recent trends in plant breeding indicate that

enzyme activity can be used as a criterion for

selecting cultivars in terms of grain yield and

quality (Deckard et 2l 1973). One of such enzymes,

o among .

nitrate reductese, which is alsof/the most widely

investigated in plants has been found to be important

_ in determining prain yield and protein content of

cereals (Elrich, 1968, Croy and Hageman, 1970;
Deckard, et al, 1973; Elrich and Hageman, 1973;
Ajakaive, 1981),

Many authors have alsn reported a positive

relati?nship b?tween l~af NRA and grain protein
content (Elrich a;d”ﬁageman, 1973; Ajakaiye, 1931).
This is probably because NR catalyses the first step
reaction of nitrate reduction which culminates in
thg production of amine acids, the structural units
of proteins.
' Furthermore, the level of nitrogen in the soil
is an important edaphic factor that influences the
grain quality of crops (Tiwari et al., 198j; Novikov
et al,, 1982). |

The inves%igatinn being reported here was
therefore carried out 4o ?

(1) evoluate bothvegetative =nd ear leaf NRA;
(2) evaiuate protein level of each genotype at three

stages of prain development;



(3) ' determine the effects of levels and sources

2 of nitrngenlnn the parameters in (1) and (2);

(L) establish a relationship (if any) between
source and level'?fz?itrQ§%§ NRAy and also between

nitrogen source, level and grain protein at

three stages of grain development.
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CHAPTER TWO

LITERATURE REVIFW

2.1 Introduction to Nitrate Reductase Activity

The process of denitrification, which is the first
step in nitrogen metabolism in most higher plant
tissues, starts with the reduction of nitrate to nitrite
followed byfgerils of reactions culminating in‘the
préduction of ammonia trom which amino a¢ids are formed.

The enz?me involved in th» reduction of nitrete to

nitrite is nitrate reductase (NR). It belongs to a group

of enzymes commeonly termed molybdenum - multicentre
regox enzymes (Hewitt and Notton, 1979).' Others in the
aaﬁe group include nitrite reductase, sulfite oxidase
xanthine dehydrogenass znd mitrogenase.

The enzyme has been reported to be pound to cell
membranes in higher plants (Izmailov et al,, 1982), fungi
and bacteria (Hackett and Macgregor, 1981; Premakumar

et al., 19A0), to chrometophores and periplasm in

Rhodopseudomonas sphaerioides (Kerber and Cadenas, 21982;
Urata et 'al.,, 1982), onr mitochandrin (Cadenas and '
Garland,' 1979; Suzuki gz'gk.;'1981).

In Digitaria jenguinalis, a plant which goes through

Hatch and Slack pathway (CLQ,NR and nitrite reductase
\ S
(N4R) ere,localiz~sd in the mesophyll cells and the other
enzymes (of nitrogen metabolism) in the bhundle sheath,
| e 304 10y

analagous to the position . of the photosynthetic pathway
14

enzymes (Moore and Black, 1979),



2,2 Distribution of ni‘*rate reductase activitv hntween

‘different plant orgeans

The potential of 2 plant pert to reduce nitrate
is congidered a function of its fresh weight and the
amount of NR per unit fresh weight (Chatterjee et
al,, 1970). Conseauently, the shoot is observed to
have higher NRA than the root (Smith and James,
Fadecva Ei.ﬁl;!.198?)° Roots may hnésgss‘qﬁite a
- substantial amount of NRA depending on the light
conditions under which the plant is grown. Barley
'roots, for example, accounted fnr L0% of the nitrate
reduction when grown in dark against 20% in light
because leaves roluce lnss nitrate in darkness (Aslam
and Huffaker, 1982),

. Within the shkoot, corparatively differentisl
performance in MRA of the various parte is expected
;o'fﬁ1]nw this pottern: first leaves, then stem and
finally fruits, In ten varieties of cowpea, NRA was
found to belhighast in petioles and young stews rather
than in the lamina (Okali, 1976). In leaves of some
plants the leaf blade has been found by various workers
to have a higher NRA than other Organé (Suen, et al., .
1979; Rao et al., 1979), and the laminae to have a
higher NRA than leaf sheath (Smith and James, 1982).
Similar differenceés occur hetween leaf blade of the
flag leaf and two immediate lower leaves, and between
upper leaves of a canopy and lower ones (Patil et al,,

1982)., Leaves usually show a progressive increase in NRA



Jasthey ipcrease in size, atteining the highest rate Jjust
bafore reaching full sirze in the case of cucumber

(Balhova and Sapata, 1900).,

2.3 NRA as affected by various stages of plant deve-

lopment.,
As demands for nutrients and metabolites vary

in nlents from one stage of develébméﬁf to another,
NRA also exhibits o marked difference in levels of
activity at these stages of plant or organ development.,
Consequently, the greatest activity is found in
youné leaves (Alaa-el=Din, et al., 1978; Fade=va et al,,
1982 ;Macknown et al., 1982) especially when they are
just about to reach maximum size (Balhova 2nd Segata, 1980)
and continue to decresse rapidly in lower leaves atter
full_expansion (Al'aa el-Din et al., 1978; Fadeeva
et al,, 1982; Streit and Feller, 1982; Winter et al.,,
1882), In roots of kidney bean, however, NRA did not
change significantly with chsanges in the vegetative
ph;se of 'the plant (Vakhaniye and Nutsubize, 1979).
\ Increares in fresh weight were found to be
accompanied by increases in NRA in verious parts of .
some plantS. Subbiaih and Balasimha (1983) for example,
observed high rates of NRA during fresh weight
_accumulation of cashew pedicel, The same is true at
flower and pod initiation, grain development and
tillering (Yusan and Shein, 1980; Dany and Murty,
1982; Streit and Feller, 1980).



During grain development, itwo peaks of NRA were

. observed in Lolium perenne one afterlthree weeks and
the other after fourth week cf flowering (Streit and
Feller, 1982),

Recent reports on levels of NRA during senescense
seem to vary from one species to another, For example
Streit and Feller (1982) observed low NRA in senescing
leaves and pods of dwarf beans (Phsesenlus valgaris)

\ 0 )

whereas in Lolium vulgare =pr@scense was not accompanied

by marked changes in in vive NRA (Smith and .James 19%2

2elle Fffrct of Fnvironmental Factors on NRA
2,1,1 Effect of N=source on Induction of activity

Yhen more th2n one form of nitropen is supplied to
the growth medium, then MRA in the plant tissue growing-~
in the medium ies either stimulated or inhibited " s

R 'O e

, Studies carried out,on various.plants, e.g. cucunmter,
corn, HYalianthus, Caccuta, barley and wheat heve shown
that NRA is directly nroportional to the ccncentration of
the p¥egnnous,niiﬁnta which is the form of nitrogen that
controls the level of activity of their enzyme better
than any othker nitrogen form (Jordan and Fletcher, 1979;
¥ijayaraghavan et al,, 1979; Raer and Collet, 1981;
Lewis et 51;,193?; Metha and Srivastava, 1982; Bose
EE.EL" 1982; Adams and Attiwal, 1982 , Tuetz, 2t al.,

1682; Smith and Rice, 1983; Mengel et al., 1983).



i Urea,iikn ammonium caused Jarge
decreacses in NRA of Cauliflower, {urnip and raddish
(Notton et al., 1979) and induced remarkable nitrate

' accumulﬂtiop in prowing fresh vegetables (Lin and
Yen, 1980). WHnreznnuaﬁg?fhe absolute source of
~nitrogen, as reported by Hamdi et al (1978), a
posit{vp correlation was observed botweeﬂ its |
qonnenfration and NRA and total nitrogen of plents,
2.4,2, Light and NRA
- The positive influence of light  on ' NRA has been
extensively studied. Photoindurtinn of the enzyme
appears univeraal, Among recent researches on
photoinduction are those carried out by Llobell
et 2a1., (1980), Datta et al., (1981), Ninnerman (1982),
Malik and Kapur (1979) were the first fo rpporéth,
induction in gorrinoting pollen grains.
Furthermore, induction of NR by far-red light

has Yren reported in-corn (Duke ond Duke, 1979).

LE AN ' i

2slte3. Water Stress and NRA

Peports of various researches are unanimous on
the fact that water stress (dehydration) is accompanied
by.Significant decreases in RA (Holst and Yopp, 1979;
Garg, et. al,, 1981; Nielson and Muller, 1981; Eingh
end ViJjayakumar, 1901; Aparicio-Tejo and Sanhez~diaz,
1982; Patil et al., 1982; Taylor et al., 1982; Leclenc
and Rdbin, 1983; Meguro and Megalhaes, 1983), |



The response however, would vary with the level of
substreteavailabley Aparicio-Tejo and Sarhez-Dias

(5982), for example, found that during drought, leaf

NRA of Medicaro sativa decreased significantly
particularly in plants treated with nitrate.

The decreaée in NRA during water stress may be
ac?ompanied by decrease or increase in activity of other

nitrogen-metabolism enzymes. For example, in Pterium

sanguisorba shoot, increase in NRA was accompanied by an

increase in the level of glutamine synthetése (Taylor
et al., 1982), whereas in wheat decrease in NRA during

dehydration led to decreases in levels of soluble amino

acids especially proline (Singh and Vijayakumar, 1981),

2,4.3 Temperature and 'RA

Temperature is also known to play an imvortant
'role in determining the level of NRA in plant tissues,
A negligible amount of activity is observed at very
low (about 5%) and freezing temperatures due to
stress (Blahova, 1982; Bakker and Hussett, 1982),.
However, measurable NRA starts from temperatures as
low as 5°€ (Harmer and Lee, 1981) with activity
progessively increasing with increasing temperature
up to about 1,0%BMendel et 21., 1982). Temperatures
higher than 50°€ usually denature the enzyme
(Theodarites and Pearson, 1982). On'the.otﬁér)hand,
temperatures as high as 50°Cmay bte reguired to
activete NRA as reported in red alga Pornhyridium
gerugineum by Rigano et al. (1979).
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2:5:‘ Effect bfuahpmical Elements and Compounds on NRA

2.5.1. Mineral elements and NRA

The effect of mineral elements like potassium,
calcium, sodium, copper, mercury, cadmium, zinc moly=-
bdenum, etc., made available to the plant in their
ionic form have been reported, Potassium has appeared
to have a marked, ephancement effect on NRA Séi% 43
' mitrogen and molybdenum (Buczek and Burzynsk; 19793
Fattah, et al., 1980), Calecium ions have been
observed to have effect similer to that of potassium
through uptake of nitrate,

Pths-of sodium haﬁe also been found to stimulate

NRA (Puckzek, 1979; Smith of al., 1980).

Manganese deficiency nlso roducesNRA in relation
to its role in oxygen evolution and nrnmofion of
enzyme transformations (Hewit and Notton, 197é).
Phosphorus enhances the activity of MR, It is
an intergral part of electron donors and =2cceptors
of MR and iz centrolly 3involved in 21) cellular
processes involving energy transformations.
Similarl?, molyhdeum for its central position in the
structure of M is found to enhnnce the activity of
the enzyme especially when applied as spray

(Fernandez and Almeida, 1982),

2.5.2, Effect of ammonium and aminn acids on NRA

Most reporis concerning ammonium supplied in

different forms raccentuntes the existonce of a
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Aicino acids incorporated inteo culture solutions
decreaéed in vivo MA (Fukunage and King, 19€2;
Vijayaraghavan et ﬂl-o 1982), Cysteine behaved
as an inhibitor for the crude extract and purified

| MR of barley (0ji'et al., 1992) and Datura inonia

(Fakunaga and King, 1982); glutamine and asp=z=ragine
were similarly inhibitorv in corn seedlings (Oaks

et al., 1979; Premakumar et al., 1980, Veidner and
Kiefer, 1981) while histidine, methionine, lysine

and phenylalanine invibited growth and NRA in the

same crop (corn)(?rivnﬁfpva et al., 1979; Fukunaga and
King, 1982).

Pgofginasé iﬁaéiivafed NRA in maiz=2 root (Wallace

and Shanon, . 1981) and 8 sutellum (Batt and Wallace,

negative relationship hetween 1+s concentration and
-;gjigg NMRA, -Hawﬁvnr, dopending on the concentration,
form of application, species,and N? svestem, this
effect of ammoninn i found to very,
Inhibitory effect of ammonium has been reported

in various plants; in corn ceedlings (0aks et al.,
'1979), cucumber (Buczek, 1679; Buczek and Burzynski,
1979), Moricandia arvensis (Winter et al,, 1982),

Chlorells vulgaris (Di - martine - Rigano et al,,

1983) md thermophilic unicellular algae (Fuggi et al.,
1981), The ammenium solutions in these works were
" either snil-applied (in case ofcrops) nr incorporated

in «the growth medium (in case of the unicellular algae),
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fodnd to vary with plent specics, Contrary to the

Ease in tobacco cell cultures, where the *wo acids

severely inhibited Jdevelopment of in gitu NRA, vyet,
they were abl» to stimulate the iﬂ_éliﬂ activity in
| wheat cells (Fukanage, et al., 1980),

2.5.3 Gffect of Herbicides, Pesticides and growth
substances.

Grant and Prague (1982) found that dalapon,

a phenoxy - compound, at a cencentration ‘of 10kg/ml

' inhibited denitrification in salt marsh sediments
but at concentrations of 100~250kg, ml , dalapon
and 2,2 - dichloropropionic acid inhibited both
NR and xin. These suthors ohserved that th= action of
*he two en~ymes was inhibited by serobic conditions.
They suggested that delapon probably has the capacity
only to slow down the prngresqatsut not to completely
suppress, denitrification. Other harbicides found
to be inhiritory to NRA are 2,1 = D in pea (Shen
et al,, 1982), norflurazon in soybean (Duke et al.,
1982), organophosphates and benomyl in leaves of
dwarf beuns (Rozeck, 1982 a,b), g}razine in meize
(Fedira et al,, 1979; Lawrence et al., 1980; Buczek
et al,, 1982) and wheat (Churchill and Lowell, 1979).

Mach of the effect of these herbicides is

attributed to their eftect on photosynthetic
reaction especially photophosphorylation. Benomyl

| (0.1%) was 'also found inhibitory in dwarf bean leaves. .
The inhibition of benomyl (0,1%) ig ’

particularly nranounced during flowering and pod
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setting stages., Contrarily, Baragran was found
sttmulvtory to NR (Petkov, 1979).

Some pgrowth stimulators have heen found to
stimlate NR and other enzymes of nitropen metabo-

lism, a particular case is indole acetic acid (IA?)

in cuttings of Phaseolus vulgaris (Burzynski et al,,

1982).

Abciscic acid (ARA) in Agrostemma githago

(Muhgoev et al,, 1981; Gronewald and Hansen, 1982)

has been found tn block BAP and cytokinin induced NRA,
In mrturing seeds of wheat (Singh and Vi jayakumsr,
1081) decrease in NRA wee carrelasted with accumulation‘
of ARA, 1In experiments examining the effect of
inhibitors on nrotein and micleic ncid esynthesis in
potato (Palmer, 1982), APA was found to suppress

I‘their inhibitory effects thereby enhrncing NRA,
Thee“fect of ABA in this case is on the inhibitors

not on the enzyme,

2,6 NRA in the Different Genotypes

Another important aspect of the enryme's activity
1? the variation found in various genotypes and sirains
;f the same nppci;ﬂ. Ajakaiye (1Q55);Ifor ekamp]e, |
tested three pgenotypes of sorghum and found thet the
1HYBRID which had a higher grain protein also had &
higher NRA, Similar differences were obtained between

the rhizosphere of three plantago species (Smit . and

Woldendnrp, 1981), Differences in NRA were also
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repor&ed in many varieties of wheat (Relly, 1979;

Nair and Abrol, 1979), common beans (Felix et =21.,

1981), Capsicum (Steer, 1982), Agrostis (Harris and
v Wibtington, 1983), mustard. (Childyel} et al,,-1981),

Brachia (Pereira, et al,, 1981), Cklorococcales

(Mathew, 1981) znd verious ctrains cf Chlostridium

perfringens (Mewitt , 1979).

Genotypes are found to respond differently to
various methods of NR assay. For example, Harmer
and Lee {1981) found relatively similar rates of

induced activities using in vivo technique of assay’ng

NR‘betweén upland and lowland population of several

common pastnfe grasses whereas in vivo Aactivity of
the enzyme from uplend population was relatively
greater then lowland population.

Variation in NRA bhetween nodules of different
leguminous species hes been reported (Naives et al,,
. 1982)., Sometimes variation can be at a particular
"level of soil nitrogen as suggested by the report of

Nair and Abrol (1979) on wheat cultivars. .

2.7« Nitrogen Fertilization and VYield Quality

‘Total crude protein content (N x 6.,25) is markedly
influenced by levels and method of nitrogen fertili-
zation in various crops, Quelity of wheat grains are
the most widely studied in this respect. Tiwari et al.,
(1981) Studied the productivity of dwarf wheat, Triticum

aestivum, as influenced by foliar application of urea.
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They foqnd”not qn;g.ap increase in graiﬁ yield but also
in :total nitrogen content, The influence of root and
folier pplicationscf nitrogen to wheat and wheat-grass
hybrids has also been reported by Navikov et 21,
(1982). 1In. their study, certain hybrids were found
to give aibettvr positive response in their graln
quality to nitrepgen applicstion.

In »ice, sapplicaticns of nitrogen and zinc
increased the guelity of greins in terms of normally
?on-—nv:..i'lable amino acids especially tryntophan |
(2ingh, 19R1). An in other cereals, the relztionship
between soil nitrogen and yield quality or aguantity
is rot ipfini*n, e Yimit ir7 reached heyond whierh no
further increase in yield occurs, This is

'explicitly reported by Cingh and Singh (1979).

. The response of other cereals 1like sorghum
(Lantewar and Khot, 197R; Ajakaive, 1981), maize
(Stoyanov, 1983), barley (Moraveik and Balson, 1982)
to nitrogen feriili=ertion in terms of yleld quantity
and quality have heen similar to thcse discussed
above in other ceresls, Beet (Filip'er ot .2al.,
1982), perennial fodder grasses (Storozhenkeo, 1983)
and red-clover rrass (Keane, 1982) also showed
increases in Lotk yield and crude protein content
with different levels of snil nitrogen,

Under dryland farring, =o0il nitrogen is of
secondary influence *o s0il moisture in determining

grain yield., Dubetz (1977) found that with rela-
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ltivn]_},'r high rates of grenular nitrogen on irrigated
iland, yield re«ponses are not always sbtained but
protein content is usually increased with increased

nitrogen,
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3. MATERIALS AND METHODS

3.7 Treatments and FPlanting

Seven beds were prepared (3m2) ~ with a one meter
spacing iq}mtween.
The beds were mixed thoroughly with 70kg’ha each
of P and K using single superphosphate and muriate of
potash as sources.
N&nauvl'was .aoplied before planting in two forms: either
| in the form of calcium ammonium nitrate (CAN) or UREA.
Four levels offN were used: 0, 80, 120 and 160 kg/N/ha,
wa these rates are celculated is shown in Anpendix l,.
One bed was left as control (0 kg N/ha) to which no
N was applied. The remaining six beds were divided into
two: three for CAN treatments and three for UREA, such
Fha@nto each level of N was allocated one bed, The beds
ﬁérerandomized.
Six rovs of vlanting were made on each bed: three
for TZB and three for HYBRID in alternating sequence.

Each of the three was a replicate.

3,2 Determination of NRA (in vivo)

Method: The method used in determining in vivo NRA was

adopted from the standard methods of Radin (1973) and

Jaworskib({éfij.. a :'.“ .

.- . . - dop, A
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Procedure:

Preparation of incubation medium: Equal volumes (300m1l)
of 0.1M KH, FO) buffer (pH 7.5)y 0.1M KNOyand 1%

ﬂr?hpa:;ﬂ o‘zo 223’;:: ch:'ss i:ﬂldf(flmcﬁoramﬁ mj,.icol 42%) Gma Il
were mixed to form the incubation medium.
Five ml of this medium were pipetted into L3 labelled
incubation bottles: one as a blank and L2 for the
various revlicates of treatments.

Sampling: Leaf samples of the second and third
topmost leaves of at least three plants ver

revlicate were takgn and immediately placed
in labelled nolythenszggd placed in ice. These
were transferred to the laboratory where they were
washed and dried Detween filter varers. Using
a leaf punch, leaf discs (2mm in diameter) were
obtained from each replicate sample avoiding the midribs
0.3g of tre leaf discs were weighed from each
sample and placed in their resvective incubation
medium for 30 mins at BHOC.

Reaction was stopped at the end of 30 mins by
adding and mirxing thoroughly with,1¥ sulfanilamide
(in 3N HC1) at the rate of 0,3ml to 0.5ml alicuot

of the incubation medium,
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Colour was developned by adding 0,02% F’“'N‘l\’u"kﬁ&
&au@dﬁ:hhg:ngen.ckbﬁdn '
A arain at the rate of 3ml to every
Sml of incubation medium.
After 10 mins, absorbance wés read for each
sample using a cornirg colorimeter at 5l,Onm after
setting the instrument at zero using the blank,
Reading were converted to pmoles NDE /e fr,
wt/h using the calibration curve prepared as follows:

Preparation of calibration curve for NRA

A calibration curve was prepared using different
concentrations of nitrite (in form of potassium
nitrite) solutions between 0 - 200 uM .

Five ml of each concentration was treated with

reagents as described ‘above for the enzyme assay.

The absorbance of the solutions were read at
SLOnm and a calibration curve of absorbance against
concentration wvas nlotted. Eoth the curve and
equétion“of“the line have been vresented under
" Appendix 1.
3,3 Determination of GPC in Seeds.

Method: The standard micro-kjeldahl method was
used for datérmining grain protein content in maize,
Prpcedure: 100 mg sample was placed in digestion
flask. One gm of catalyst powder mixture (99.0g of
K580y, L.1g of HeO and 0.8g of CuSOu) and 2ml of

concentrated sulfuric acid were added.,
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This was digested for 4O - mins, then cooled,
and a minimum quantity of water was added to dissolve
solids.

The digest was transferred to distillation
apparatus =n¢ rinsed 5 to 6 times with 1-2 ml
vortions of distilled water.

And erlenmeyer flask with 6ml of boric acid
solution and 3 drops of mixed indicator solution
was placed under condenser with tip extending below
surface of solution.
Eight ml NaOH - Na,S,05. SH,0 solution was added to the
flagsk . =2nd steam distilled until about 20ml of
distillate collects.
0. WNHC1

This was titrated to pink end point with/ . A blank
determination was made using same quaniity of reagents
and same digestion veriod as for determination.

Percentage N is calculated thus:

% N = ml PCl used in :citration x Normality x
mg sample

o Protein = % N x €.25
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4, RESULTS

L.1 Nitrate Reductase Activity (NRA).

el Effect of N-level on leaf NRA

The effect of soil-applied N level was found to
be significant (at 5% level). A summary of the vattern
of variation between the four levels is civen in

Table I below:

Table I, NRA as affected by apolied N level irres-
pective of N=-source, genotype and sampling date '
N~level .0 80 120 160 (KgN/na)

NRA 105,ka 134,10 1Lh5.3¢ 153,04
et e Ji - -

h.,1.2. Effect of N-source on NRA

Table II below shows that plants grown with UREA
had significantly higher NRA than those grown with CAN

irrespective of genotype anrd sampoling date,

Table I1. Mean Values for NRA as affected by N-source

x N level, irrespective of genotype and samnling date.
N-source UREA C AN

Nelevel

(kgN/ha)

NR'A 0 80 120 160 0 80 120 160

15l,5e_212.lbe 226.2b 238,1a 15L,7e 190,1d_209,7¢c_222 Tbe

L.S.D. (5%) = 7.33. Two figures fqllowed by the same
letter are not significantly different bv IMRTS,

| THe interaction between N-source and stage of
growth (sampling date) in both vegetative 2nd ear leaf
is presented in Table III below (next page).
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Table III, Mean values for NRA as affected by source

of N - Date of sampling but irrespective of renotype.

NRA (pKNOZ' g fr, wt.-1h-1

N-source UREA C AN
Vegetative leaf

(wks after »lan-
L tidg)

* lth 192 ,Lhab 117.9¢
6th 1,6,7de 180,24
8th 112,8fg 115,.6fg
10th 178 .8be 175.1¢

* 12th 10?.3fg 72.91

Ear leaf

(wks after anthesis)

*  1st 101.1gh 133.5e
2nd 118.9f 107.f¢g
. - [T 197.5a 177.9¢ .

* , bLth 9l .5h 69.51

L.S.D. (5%) = 11,0, Two figures by the same letter
are not significantly different (at 5% level) by DMRTS,
* Variations in MNRA hetween the two sources of N were
significant in weeks with asterik.



UREA treated plants showed significantly higher
NRA than CAN treatments in the Iith and 12th
weeks after planting in the vepetative leaf and

- in the 3rd and Lth week after anthesis in the ear
leaf. CAN treated plants exhibited a sinnificently
higher NRA than UREA treatments eonly during the

Voo 1st week after anthesis. o v,;a_u,-ﬁgl_
: e N S S P ERT S
I TR T S L

g.1,3 Effect of samnling date on NRA @«,e;?ufﬁw

‘NRA varied significantly from one week to
'another throughout the period of nlant pgrowth,
In the vegetative leaf it was highest when the
plant was fully vegetative af Iith week of growth
and 10th week (when flowering was complete}; 1t was
lowest at the onset of flowering (Bth week after
_planting) (Table IV below) | i
In the ear leaf however, lowest NQA was observed H

in the Lith week after anthesis whereas it was nighest.

‘during the 3rd week after antnesis.q~T:

Teble IV mean values for NRA as affected by sampling

date but irresnective of N-level, N-source and
genotzg C o s

Vegetative leaf(wks' after nlanting) Ear leaf (wks after anthesis)
Wk k4 6th 8th  10th  12th |%st 2nd = 3rd Lth
NRA 185,2ab 1418.5¢c 112,14 117.0b 89.6e|116d 112.9d 187.7a B2.0f

L.S.D. (5%) = 3,66 two fipures followed by the same letter
are not significantly different by DMRTS.

The wvariation in NRA in both vegetative and ear
leaves of each treatment level as affected by sampling dete

{sampling date x N—level) is presented 1n Table ( bflow.

[
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Table V, The interaction et‘ect of sampling date
and N-level on NRA in meize leaf tissue,

N-Level (kg/ha)
Sampling dates
(wks) 0 MO 120 160
NRA in vegetative lest (Um Nogp/g/hr)

lith 8l1.0n 18y, 0efg 122,52 250,1ab
6th B'f.2n W8 13 173.8fgh 183,9 def
Bth 147,60 134.,2 jh Mheb 13 121.k1
10th """ 127.3 K1 205,3 cd 198,0 de 155.hi
"12th 8.8 1j 68.8 n 65,70 75.1in

- NRA in Eer leat (Pm NqE}/g/hr)

18t 68,3 n 122,9 k1 112,0 im 163.9 ghi
2nd B7,0n 1178 nlm 44,7 13 102.1 m
3rd 125,3 hl 172.6 fgh 87,2 def 265,7a
Lth 151.6 1 b2.1 O 59.3 o 6.1 ©

L

LeSeDo (b%) = 7,23, Two idgmras:b; the same letter
are not gignificantly different by DMRTS,



In the vegetative ard ear leaf respectively, the
control plants gave lowest NRA except during the last
week of sampling. DNRA increased with increase in N
1éve1 up to 8 weeks after planting. In subsequent
samplings however, the response of NRA to apprlied N

was not consistent (Table V).

L.1.4 Effect of genotype on NRA

The HYBRID consistently had higher NRA than TZB
with an overall mean of 169.3 and 120.0 pM NOZ g-}r.
wt. 5™ resvectively for HYBRID and TZB, the
difference w~2s not significant though.

Mone of the interactions between factors
involving renotyve (i.e. genotype x N-source, pgeno-
type x N-level, gehotype x sampling date, genotype
x N-level x N-source, or genotype x N-level x
sampling date) gave a significant variation in NRA,
" This means that the genotype did not have any
significant effect on the parameters co,'ngidered,

L.1.5. Overall trend in NRA (genotype x N-source x
N-level x sampling date)

In vegetative leaf: The overall trené&n NRA

involving all factors is presented in figures 1 and 2
for HYERID and TZB maize respectively., Upto the €th
week after planting (when the plants were purely
vegetative) plants grown with no additional N rave

the lowest NRA, This difference (i.e. between the
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controls and the treatments) in NRA in both varieties
was significant; it was highest at the lth week

after planting. NRA in the control plants increased
significantly in both genotypes between 10th and 12th
weeks of growth (Table VI). For instance, in HYBRID,
NRA increased from an average value of 138.6 (in the

8th week) to 171 pM NO,”g fr. wt™'h ~' (in the 12th
week) (Fig.1), while in TZB, it increased from 56,6

tor 125.8 in the fith and 12th week of growth resvectively
(Fig.2). Furthermore, the NRA in the control plants

of both genotypes in the 12th week was higher than

that in the treatments.

The ranking of NRA (in increasing order) in both
CAN and UREA treated HYBRID plants followed this
order: 80 < 120< 160 < kg N/ha, the actual respective
values of which are 177,213 and 257.3 pM NOS g fr. wt)"

h'1."THIs pattern of difference was maintained
dp to the 8th week after which NRA did not increase
with increasing N concentration (Fig,1).

In TZB however, there was no significant differences
in vegetative leaf NRA between 120 and 160 kg N ha™!
treatments in CAN treatments, So it
was also in UREA treated plants escept in the 10th
week when the plants treated with 120 kgN ha” 'had a

significantly higher NRA than the 160kg N ha-1(Fig.2)
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In Ear Leaf

[he response of the ear leaf NRA in the two
genotypesto N avnvlication differred significantly
from that of vegetative leaf NRA. For examole
plants without any additional N showed higher ear
leaf NRA than 120 kg N h€1but less than 80 and 160
kg N ha™ in the first week after ear formation.

Again at the lith week after ear formation, the
controls had a higher ear leaf NRA than 80 and 120
kg N ha-1(Fig-h). Furthermore, both HYERID and TZB
plants grown without addfitional N gave the highest
NRA at the Lth week of ear leaf sampling (Fig.3).

The vegetative leaf of both genotypes were
generally suverior in their NRA to ear leaf in all
treatments excepnt in HYRRID treated with CAN - 120
kg N ha™and the controls of TZB maize. This
difference was significant during the 10th week after
planting (i.e. 2nd week after ear formation), However,
the pattern of NRA were sometimes similar. For
example, when the level of NRA in the 10th week of
the ordinary leaf declined, that of the ear leaf
similarly declined at the same time (2nd week after
ear formation) in both genotypes and at all treatments,.
This similarity was also observed in vegetative leaf
NRA at 12 weeks after planting and the corresponding

ear leaf !RA at Lith week after ear formation.
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4.2, Grain Frotein Content (GPC)

Lho2.17 Querall rattern of GPC, :

' .Grain pfotein level in the grains of both
genotypes_andz%ll treatments was highest at 20 days
after anthésis. The interaction of the four factors
(genotypes x N-source x N level x sampling date)

gave é significant_variation hetwzen the various
tféatments (L,3.D. (8%) = 1.,46) (see ANOVA Table II),
Figs. S and 6 show the pattérn of this interaction
as it affects GFC in the BYBRID and TZB maize res=-.
pectively. Plants in  all the treatments had in
common is the existence of a peak in GPC at 20 days
after ear formstion.

L.,2,2, Effect of apnlied-N level on GPC

GPC was significantly affected by level of soil
-applied-N, The mean values for each level of applied-N

is shown in Table VI below.

_ The grain vrotein concentration of renotypes

Incressed siﬁnif;cantly with increase in level of

S : o -
». 801l applied<N up to 120 kgN ha 1leve1. Grains of

plants rrown with 160kg N ha” ' however did not differ

;f-significantly from those treated with 120 kg N ha-1

though it was slpnificantly higher than that of O
and 80 kg N ha"1,"‘

O
N
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‘Table VI. Effect of N level on GPC irresmective of

genotype sameling date and N-source,
N-level O St 80 120 160 (keY/ha)
GPC “14.58¢ . 17.87b  19.28ab_ 20,05a

JL.S;D (5%) = 1,68. Two figures followed by the same
.letter are not significant by DMRTS. o

. Sy
L.2.3. Zffect of penotype on GPC ”"ﬁiilfg_w

| TZB maize was found to be sisnificantly hirher (x =1C B9 )

“than HYBRID ( x=16,3% in grain protein.
The effect of genotype was however not significent in
its fnteraction with all other factors excent with
" levels of applied-N and a combination of senotype
x N-level x N-source, | e
The relationship between genotyve and s0il-
applied ﬁ in GFC is shown in Table VII below:

Tpble VII 1. mean values for effect _of nenotype X N
level on GPC,

gkt o 80 g0 160 0 B0 120 160
.« GPC 11, 3c 16.2b 18.0ab 19,.,7a 18,0ab 19,5a 20.5a2 20.1a

L,S5.D. (59) = 2,38, Two figures followed by the same
. letter -are not significantly different by DMRTS,

TZB plants grown without applied N contained signi-
ficantly higher nrotein than those of the HYBRID;
_the Same_;s_trye also for treatments with B80kg N has




36

However at 120 and 160 kg N ha'1the difference in
IGFC between the two genotypes was not significant,
Genotype x N-source x N level had no significant
effect on GPC excepnt for the controls of HYRRID
which were significantly lower than all other treat-
ments (Table VIII),

h,2.,4, Effect of N-source on GPC

I'There was no significant difference in GIC
between UREA and CAN treatments, Also N-source did
not significantly affect other factors excent for
N-source x N-level x sampling date (see ANOVA Table
II Appendix).

L.,2,5, Zffect of sampling date on GPC

There were significant changes in the level of
protein in‘th?_coursg“of grain development in the
..two, renotynes, For instance, mean values for GFC
for the three sampling dates were 17.6, 22.06 and
14.09% for 10, 20, 30 days after anthesis resrectively.

This indic~tes the existence. of a peak at 20 days
after anthesis in vrrotein accurulation in the grain.

‘Table VIIL %ffect of genotype x N-source x N-level on GPC,

Genotype: HYBRID TZz8
% N-source: UREA  CAN UREA CAN

N-level

0 11,3b 11,36 17.9a 17.92
80 16.0a 16.0a 19.8a 19.%2
120 18,32 18,3a 20.la 20,7e
160 19.72 19.7a 20.8a 20,0a
(kgN/ha)

L.S.D. (59) = 3,37. Two figures followed by the same
letter are not sipnificantly different by CMRTS,
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ls3._Correlation between GPC and NRA

-, Grain protein content at all sampling detes (10,
éb,zand 30 days after anthesis) #%2 roung to be
significantly correlated ithKRA at all the @ifferent
stageé of erowth in both vegetative and ear leaf,

... {Table IX).

e L

entoa

Table IX correlation cefficient (r) values for
' NRA and GPC in Maizo N

- Days ufter ear formation

Lol 10 ) 30

VIGLTATIVE

AT

ﬁ¥§s a?t?r plg?ééng) . 0.75 072 .
6th Y 0,89 0 6,81 0u7
8th .. . 0.88 ' 0.77 0.78
10th -~ 0.68 LT 0.78 . 0.56
11th 078 7. 0,66 0.82

(wks after anthesis)

st o 0.81 0.77 = .0 0,79
2nd . 0479 . 079 0,60
J3rd 0073 0.7 0.71
bth o D71 o 0,73 0 0,65

A1l 'r' values are significant at 1% level,
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', DISCUS"TICN
A I

' Nitrate Reductare Activity

The increase in NRA found in both genotypes with

- increase in levels of nitrogen is similar to the observa-

tions of earlier inveétigators (Harnandez et al, 1974
Ajakaiye, 1981), This is so because the enzyre is
substrate - inducitle, Recently, a number of reports
Lavé shown that NR# 15 directly nroportional to the
éoncentration of exogenous nif‘rate in various crops
(Hamdi et al., 1978; Smith and Rice, 1983; Mengel et al.,
1983).

The report that higher NRA is obtained when the 'plant
is fully vegetative (but before the onset of flowering)
(Al'aa el-Din et él., 1978; Vakhaniya and Nutsubize,
1979; Blahova and Sagata, 1980; Fadeeva et al., 1982;
Streit and Feller, 1982; Winter et al., 1982) is further
supported by results obtaired in this work, The }+h and
6th weeks aflter planting were the weeks when dry matter
accumulation was probably fastest and highest values
for NRA were recorded then excluding the 10th weeks of
sampling. This shows not only the existence of a
relationship tetween the enzyme aangfant's ontology
bu£ it.alao suggests that the hest period for selection
purposes involving NRA should be immediately after
seedling stage especially if N is applied once only (1.e.
at the seedling stage or before) because, as earlier
reported bty Ajukaiye (1981), split application of N

fertilizers increases NRA at later stages of plant growth,
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L T

The positive anrq significont values dﬁtﬁinpd for

Icorwelation ha*w?pn leaf NRA {in both nrdinery and

rious
qar leaf) ﬂnd GPC a§£"+ngps of grain development ‘

?bnfirms the reports of other workers on various plants
1like wheat (F1r1ch and Uapomun, 1972), Corn {Croy and
Hageman, 1970), Sorghum (Ajakaiye, 1981}, etc, This s
shown fhat in hoth genotypes, NRA could Ye used to
predict”treatmentﬁ with Ligher GPZ even before the
' grain I‘ormation._'_' S e
| The progressive d-f.*.cl ine in NRA in the succossive

weeks (except for‘.t'.!')ie 10th week) could be due to vAarious
reasons, First, it may be due to the change in the
plant's physiclogy frow vepctative to flowering, a’

period of growth whjoh is often nccompaniod by a fall _
in NRA possibly due to fluciuation in therratmoﬂioﬁ nitrote

assimilation
ﬁptake to'/ . . .as reported by Deny and Murty
(1982). Secondly, earlier rate of fresh matter

accumulation apparently couldn't be maintained,

This brings about a decrease in NRA which is positively

- correlated with fresh matter accumulation (Subbiaih

and Béiagiahé,'1983). Thirdly, senescense might have
accounted-for the very low NR4 during the 12th week.l
Senescense as earlier Sugges+edl(ﬁjakaiyp, 1981) is

said to be ééégﬁpanied by high proteinasgactivity in

‘the fl~r leaf, L - o
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The tyo N -shurces used, CAN and UREA, contain
calcium ammonium nitrate and urea=N respectively.
One would ha;e e¥xpected a higher amount of NRA in
CAN 'treated plants since the enzyme is substrate
inducible following the results of earlier investigators.
For example, Shraeder et al, (1972) Hund higher level
of NRA in corn plants supplied with 2 combination of
both ammonium and nitrate as compared to nitrate alone,
On the contrary, I'REA treated plants in the investi-
gation reported here showed significantly higher NRA
than CAN tréatmpnts At all levels of applied-=N,
The superiority of UNREA hs>re could h»o due to

inhibitory effect of ammonium ions (from CAN) on

nitrate uptake (Mcknown et al., 1982; Byczek, 1979)
or on NRA itself (Oaks et al., 1979).

The vegetative leaves used throughout have bheen
the second or third topmost leaf except the flag
leaf which was used during the 12th week, These
leaves are sites where vegetative activity is highest
and hence sites of praobable highest NRA in the plant,
The ear leaf on the other heénd is a much older leaf
at about the middle of the plsent's height., By virtue-
of ites age, the ear leaf is expected to have a

lower NRA as explained above,
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Grain Protein

Increase in 1level of ¥ ahove ADkg N/ha has caused
increases not only in final GPC but also in earlier
samplings (at 10 and 20 days after ear formation),

The levels of GPC in treatment plants of hoth gero-
types were significantly higher then those of plants
grown without additional N,

Increaces in NPC resulting from increaces in soil-=N
content was alse carlier reported by Yessyych et al
(1980), Singh and Singh (1979), Nair and Abrol (1982),
Campell et al, (1983), ete.

The abhsence of sipgnificant re-ponses betwveen the
‘N=level of 120 sand 16N kp N/ha sugpests that the
effect nf s0il-N level on GPC is nnt infinite,

This shows that there igs a threshold beyond which it is
not economical to increase N application to crops.

That TZB maize had an overall significantly higher
| GPC' in thﬂ'absnucé of eny such difference in NRA could
be due to TZB probably having sreater translocstion
efficiency of reduced- N to the grain than the HYBRID,
The efficiency of the trongport system hypothesis was
postulated long ago by Troy and Hagemsn (1970) to
explain the variation in GPC recorded in corn genotypes
with similar NRA,

The occurence of a peak in GPC nreceding grain
maturity hos earlier been reported in cereals like wheat
-tJ;nnings and Morton, 1953), barley (Rhodes and Mathers,

1971,), and recently in sorghum varieties (Ajakaiye,198l).
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This work is prabably the first of its type in corm,

The occurence of such a peak has been previously
explained in two ways: first, the proteolytic
enhancement of hydrolysed N to the embryo and the
dilution effect of starch that is normally used to fill
the grains. The dilution rffect is probably responsible
for the decline in GPC recorded¢ in both genotypes at

30 'daye after anthesis,

The observations made in some reports (Yuan and
‘Shein, 1980; Dany and Murty, 1982; Streit and Feller,
1982) that the “1igh rates of NRA gccur during flower
and pod initiation, grain development and tillering,
could be related to the occurence of a peak in GPC
during grain development., This most probably expl=zins
the increase in INRA during the 10th week (wken the
grains were half full and erxperienced the highest
GPC)., 7Tt will be interesting, 'for instance, to find
out Whether thelincrease in NRA was initiated by a

demand for additional protein in the grain or vice-versa.
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6. _SUMMARY AND "ONCLUSION

HYBRID
Both'/ and TZB exhibited similar pattern of recponse to

soil - aprplied N in their vegetative leaf NRA, The con-
trols were significantly lower than the trea*ed, NRA
‘continued to incr-ase significantly with inecrcase in
1gve1 of applied N, This was common tn 2ll samplings
up to the 10th wk * of planting after which NRA became
erratic, |

Urea treated plents generally showed higher NRA than
CAN treated plants,

. ,w NRA in both variaties varied at wvarious stapges of
piant growth, Higher NRA was recorded at initial stages
of sampling (at Lith and 6th wk after planting) when
thelplents were fully vegetative. 1In both vegetative
and ear leaves, NRA sharply declined at the beginning
of senescense,

No significant difference wns found in NRA between

maize

the two genotypers, HYBRID and T78/, even though the
HYBRID recorded, a highar-mean.NRXZ}ﬂeihn vegetative
leaves'of both genotypes were ﬁeneraily hiﬁhpr than those
of the ear leaves

The interaction of the four factors (genotypes x
N=level x N-squrce x sampling date) caused significant
differeﬁces in NRA of vorious samplings. Generally,
amount of reduced N increased with incr;ase in soil-ﬁ
level up to 120kgN ha, 'I'his was the same in btoth HYBRID
and 'I'ZB; URFA or CAN; and all sampling dates=s,

1



TZB uas found to bn q*gn1+1“aﬁtly higherr in prain
quqllty Pqprcially ai O and HD g N/ than the HV“RTDo
Generally, thrre was ne signiticant dit“crence in

_ GPC between URFEA and FAN treatments,

Highest grain protein was rpcordeﬁ in bo*b xprinftp
_;at-¢hout_zo darc atter ear formation,
: | GPC at all ;amnling:dates were found ta be signi-
ficantly correlated to N?A4 of both vegetative and ear
leaf gf all different stngﬂélof growth in toth peno-

type&.

CONCLUSTON

. L . 1
I[ R P l‘ P AT ; ‘1 ' I'I . l'!‘ L . !

The two varieties of maize ured, HY“RID 8321 - 21 and’

TZB Farz'_}-::m are similar in their patterns 6f ¥RA and
graln profr:n deve]onmnnte In beth warieties;, NRA and ; -
grain qualify can hﬁ q:pn1f1~nnt1y increased with
increase in fail - applied M, For pgoond grain quality
eqpeclally. ﬁddlflcrql 9nﬁ1109+ on of N to soil is-
necessary. However, TZRB appears to he more nromising

St

in grain quaTify._xggﬂgqqﬁmghfamﬁw,;ﬁﬁw:;,,gﬁgg
L] I LI -.’I by .

In beth varieties, MA wyas found 4o he-higher
before the nnort of flowsring. A%t the =et of flowering
and thoreadter, th~ enzyme activity hecomes hardly |
: allzation

predictatle. Future resenrch may need to focusy on the

‘ definite cause of this fluatuation.
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If only grain aquality is required,'éay for
preparatinﬁ nf feeds for cattle, sheep @nd chickens,
grains of maize should be hervested hefore they are
maximally filled about 20 davs after signs of their
fqrmaﬁ}on have appeared,

I Lastly, under adequete rainfall, NRA in the two

varieties can he used at any stage of their growth to

predict their grain anuality,
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AFFENDIX 2: ANOVA TABLES

1, ANOVA FOR NITRATE REDUCTASE ACTIVITY

Source of Zrror DF SS

Blocks (r=13) . (r-1) =2 733.6

Treatment
Genotype (e=2) (g-1) =1 2001,61
N-Source (s=2) (s=1) = 1 667611
Sampling Date(d =9) (d-1) = 8 6L5558,85
N-Level (1=hk) (1-1) = 3 143460.3}
GS (g=1) (s=1)= 1 19.18
SD (g=1) (a-1) = 8 76L.3.79
GL (g=1) (1-1) = 3 €28.20
SD (s=1) (d-1) = 8 3€333.59
SL (s-1) (1-1) = 3 €075.07
LD (1-1) (da-1) = 2, 5uB670.81
GSL (g=1) (s-1) (1-1) = 3 L130,30
GLD (g=1) (1-1) (a-1) = 24 L1531.03
SLD (g=1) (1-1) (a-1) = 2L 55711.39
GSD (g-1) (s-1) (a-1) = 8 1,575.39
GSLD (g-1)y (s-1) (1-1) (a-1).= 24 32071.39

Error (r-1) (gsla-1) =286

Total (gsldr-1) =431 153542.10

MSS
366.8

2001,61
6676.11
8069 .86
17820,11
49.18
955.L47
212,77
45k, 70
2025,02
22861.28
1476.77
173.0L
2321.30
“571.98
1336.31

3.74
12 L6**

150.65**
89,27*%
0.09
1.78
0,40
g ...Fm**
3.76**
L2 ,68**
2.76%
0,32
4,33*
1,07
2 Ljg**
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ANOVA TABLE FOR GRAIN P .OTEIN CONTENT

Za
Source of Error
Blocks (r=3)
Treatments
Genotypoe (z=2)
N-Source (s=2)
Sampling date(d=3)
N-level (1=h4)
GS .
GD
GL
SD
SL
LD
GSD - (g=1)
GSL (g-1)
GDL (g=1)
SDL - (s=1)
GSDL (g-1) (8-1)
Error
Total

df 33

(r-1) = 2 3.02

(g=1) =1 383.17

(s=1) =1 1.25

(d=1) = 2 1526,58

(1-1) = 3 630.23

(g-1) (s=1) =1 0,61
(g=1) (a=1) = 2 52,68
(g=1) (1-1) = 3 161.94
(s-1) (d=1) =2 23,96
(s=1) (1-1) = 3 1,11
MH-JW MaaAw =6 65.40
s-1) (d-1) = 2 92,78
(s-1) (1-1) = 3 6.17
(a-1) (1-1) =6 204,96
(d=1) (1-1) = 6 133.76
(s=1) (1-1) = 6 185,146
(r-1) (gslda-1)= 9 1222,78
(gsldr-1)= 143 L,657,00

MSS

1,51

383.17
1.25
763.30
210,08
0,61
28,2
53.98
11.98
0.37

10.90
46,39

2.07
3L.16
22,29
30.91
13.01

F

0.12

29 ,L0**
0.10
58, 72%%
16,16%*
0.47
2,03
F.;W**
0.92
0.03

0.84
0.57

0.15
N.mw*#
1.72
2,38*%
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APPENDIX 4

Regression value

For regression of y on x,
y=¥+b(x=-X)
where b = 2dx . dy )

ér!x2

Correlation coefficient value ('r')

r = £dx ., dy
J[dxi. d;?)

ANOV J.\

Standard procedure for analysis of varience

for 2x?xix9x3 factorial design was used,

I.r.. So Do = g (t;q{) X ?MST-
2 , ‘—"_‘—N
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APFPENDIX ,f_i

. |
CALCULATION OF RATES OF NITRUGER/ NECIRE

Eh‘:llamglm Ithow many gi'nm}:: of MiRA ferttligoer shonld be applicd

on each bed (si.za: 3 x 1) to meot the concentration of 80kg N/h4?
1st Step: - Find the cor}'ceﬁtr:xli.rm of I in Uz.'f::l. f'?rtilizr:r.

This concentration is wr:i.tten on the bag = A6e/N. ‘This impliea

that for every- lé.",‘ of Uifl-}f\, there in 0,40k N,

80kiz N/ha of urea i%J found by aimple ratio and proportion

ari tﬂhmetic:

Fertilizer s« N

1k ¢ 0,46k
x :'U(} kit .
x = 00 x1 A
0.76 = . Yidkgha,

' >
8o if 17Aki: of UREA,ias applicd per heelre (lﬁflf‘!\ilf) Lo ek,

a concentrsition temand of ‘00K N/ha, the quantity for 3aq. metex

is 'éhicﬁlai:ed.am - I
174kg ¢ 10000m°
% : .’5"1:?
x = 174 x 3.0..
iR - e

= 0522kg = 952.2g

1 }

For CAN (concentration of N = 265), B0kgN/ha will be

2% 1 - 300ke/ha

So for 3m2, CAN '(at BOkgN/ha) is calculated as:

%52 = 00g.




