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ABSTRACT

A field experiment was conducted at Sanaru during the

1985 wet season with a view to determning the effect of
nitrogen fertilization and plant density on the agronomc
per f or mance of sorghum hybrid SAMSORG 31 (SSH5). The
treatnents that were tested in the study involved the
factorial conbinations of five nitrogen application rates
(0, 30, 60, 90 and 120kg N ha) and three plant popul ation
| evel s (34 000; 50 000 and 66 000 pl ants/ ha).

G all the paraneters considered in the present study
stover yield, flag |leaf area, nunber of |eaves per plant
and stand count at harvest responded to nitrogen application.
However, grain quality in terns of grain crude protein
content Increased by about 21%when nitrogen application

rate was increased from0O to 120 kg N ha.

I ncreasing plant popul ation from34 000 to 50 000
pl ants/ha increased grain yield while a further increase
from50 000 to 66 000 pl ants/ha decreased grain vyield.
I ncreasing plant population from34 000 to 50 000 and from
50 000 to 66 000 pl ants/ha decreased grain weight per plant
by 25.5 and 14. 1% respectively. Yield attributes such as
pani cl e I ength and grai n nunber per panicle decreased with
I ncreasing plant popul ati on. Variabl es whi ch decreased
slightly with increase in plant popul ation include,

thresi ng percentage, harvest index, grain: stover ratio,



stemdi aneter and nunber of internodes. Gain quality in
terns of per cent total nitrogen in the grain and crude
protein content decreased with increasing plant popul ation.
Significant (P=0.05) nitrogen x popul ation interactions were
observed in respect of grain weight per panicle, 1000-grain
weight, panicle length, flag | eaf area, stover yield,

nunber of panicles per n?, nunber of grains per panicle,

wei ght per panicle, panicle dry weight at 16 weeks after
planting (WAP) and plant total dry weight at 12 and 16 WAP.
Gain yield positively correlated with nost of the inportant
yi el d conponents such as 1000-grain weight (r=0.662**),
nunber of grains per panicle (r = 0.702**), grain wei ght

per panicle (r - 0.736**), panicle yield (r = 0.975**),

and pani cl e weight (r = 0.290%).

O the paraneters considered, flag | eaf area, stover
yield, leaf area index, nunber of |eaves per plant and
count at harvest responded to significantly to nitrogen
application up to 120 kg Nha on this soil. [It, therefore,
inplies that fertilizer recommendations for grain sorghum
nay need to take into account the native soil nitrogen
Status i.e., soil test result as well as the preceding
crop(s) inthe rotation. There was no significant response

to plant popul ation up to 66 000 plants/ ha.
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Chapter 1. -

A
£

INTRODUCTION . .

Among the genus Sorghum Moench, cultivated specics,
such os bicoler, are among the most domestlcated crops of

the worlde. Graln sorghum (Sorghum bicolor L. Moench)

appears to have been first domesticated in Ethioplis about
50 centurics ago and taken to West RAfrica st an warly dabe
across the Sudan to the Upper Niger river (Doggett, 1570).
It rankg fourth to meize in terms of toital world hecterage

(Huckabay, 1567).

5

Martin 2t al. (1976) geve @ more accurate breakduwn
of sorgbhum production in the world. He roported on annual
world production figure: of 72 million tonnes From 58
million heotares, giving on average of 1.3 tonnes per
hectarpe. Leading world pkuducers include the United Stotos
of America, India, Nigeria, Hrgentinag, Mexico and Sunaon.
Yields from hfrico and Indis voary between 300 and 2 000
kg/ha with an average of &50 to 750 ka/ha from rain-fud
sorghume Irrigated hybrid sorghum is snid to yield about
1 800 kg/ha here compared to &4 500 to & 00O kg/hm_nbtminud

in the United Stateos (Martin gt nl,, 1976).

Estimated total producticn of snrghuﬁ in West
Africa in 1971 wos obout 56.2 miilion tonnes fFrom an
area of about 9.7 million hectores, corresponding to a

yield of about 6 D00 kg/ha {Kossam, 1976).



In the Nigerien Sevenne zone, grain sorghum 1s en
importent crop. Egharevbe (1979) reperted thot incrensing
total ennual procuction in Nigeris is meinly through
incrcosing hectarage put to sorghum rether then through
increesing yield per unit aren. Nigeris's expectocd yicld
from 645 millinn hecterc was 4.2 million tonnee giving an
overoge vield of sbout 650 kg/ha (Anchymous, 1979).

Dke (1976) =lsoc reparted thet about 4 million tonnes were
procuced in 1969/70, the nocrthern states producing about 99%
from mbout 6 million hectarcs of land. When compeored to
figurcs cbtained from the United States, the average graein
yielc of sorghum in Nigerin is considered low., BSome cof the
foctors responeible for the low yigld could be leck of
ntiequete fertilizer epplicetion, poor crop menagement and

the use of low-yielding verletics.

Sorghum is grown moainly for its gronin for human
consumption. The flour from it when milled cen be mede into
a thick peste known as "tuwa® or thin porridge. It is elso
user! for brewing = locel beverage called "pito". Sorghum
groin is higher in protein end starch but lower in fat
content than meize, Zea Mays L. kernel (Komolafe gt nl.,
1979). This crop, therefure, hos good nutritional velus as
human anr! animol feed. The stalks of locel cultivers are
large end tall and sre used os fuel, focr fencing and for
roofing. The vegetaotive parts of the plnnt eps well os the

greins are used as feeds for livestock.



Sorghum, which is adapted to a wide range of
ecological conditions, grows well where the ruinfall is
380 to 640 mm during the period of growth and where the
weather is hot and dry when the groins are ripening. It
requires a mean temperature of sbout ZB.DDE. Sorghum
also performs well on a wide variety of soils, with o

pH gf 5.5 to B.5.

In order to nchieve maximum sorghum yicld, certain
agronomic factors must be at their optimum. GSuch foctors
include planting the best variety, using an optimum plant
population, proper fertilizer applicetion, adequote soil

moisture supply, ond diseases and inscct control.

Pal et al. (1984), in an experiment designed to find
out the yield response of sorghum cultivars to inorgenic
nitrogen, observed that sorghum hybrids yielded morc than
pure-line cultivars. Hybrid yield rcsponded to the
application of nitrogen up to 100 kg/ha (Chandravenshi
et al., 1973). In o similar exporiment, Murty (1967)
observed that ot the highest nitrogen level, yicld resnonso
of hybrid was 7.8 kg groin per kg of applied nitrogen ond
that response by local cultivers was 5.0 kg graoin per ko
of nitrogen when levels between 0 ond 200 kg N/ha werc
epplied. Hc olso observed that level of response to
nitrogen fertilization depends on the locality end thnt
the hybrids mature 10 to 100 days carlicr than tho locel

cul tivars. He gove the economic rate of nitrogen



application for the hybrids as between 135 end 158 kg

N/hﬂv

Sorghum is a heavy feeder on mineranl nutrients, most
especielly nitrogen sources Earlier developed locel
varictices of scorghum responded poorly to fertilizer
applicetion duc to their limited yleld potemticl and as
2 result required o very low level of fertilization,
Goldsworthy and Taylor (1970) reported 3 to 5 times highon
yields of dwarf end semiedwarf varieties of sorghum
compared with the local cultivars. HAmong vericus major
elements, nitrogen is the most limiting nutrient clemont
in sorghum production (Delorit gt al., 1974). This
indicetocs that inedequate nitrogen fertilization is
likely tc limit the growth and productivity of improved

sorghum vericties.

The Nationel Seed Service and the Institute for
hgricul tural Research, Samaru, developed Nigerise's first
grein sorghum hybrids, which include SAMSORG 28, S5AM3ORG
30 and SAMSORG 31, among others. Thelr common mzle
parent ig SAMSBORG 17, which is o medium=-tall, improvod
purg=line variety widely cultivated in the nerthern
Guinea savanng(Ogunlela, 1983). While these hybrids
are likely to have great potentiols in improving the
overall sorghum production in this country, not much
research work hag so far been done on gheme hybridse.

Infact, the basic agronomic requirements of thoge



hybrids are yet to be detcrmined experimentally end 2s

a result, they have not been released tn fermers for
commereiel production. From cne of the few preliminary
investigetions conducted, it wes reported thet the most
fertilizer reepeonsive amonp these bybrids 1s SAMBORG 31
onci ‘it wes nlso found to be among the bost ylelders
(Ogunlela, 1983). Nitrcgen ep;licntion is likely to heve
eome effects on sorghum grain quality, in sspects such os
cruce protein content. While it is known thaot the yicld
of scrghum may incrcase with increase in plent populotion
to a certein optimel point, beyond which furthocr yield
resrocnee 1s not likely to ccour, it ie yet to be sscerteined
which plant populztion will be the cptimum for the sorghum

hybricd SAMSORG 31.

Informaticn on the fertilizer requirement and the

optimum populetion levels for sorghum hybrids in Nigeria

is et present not adeguete. It is, therefore, desirable to
contiuct inveetigations on these espects of the agronomy of
gorchum hybrids to provide vital information that erc
likely te be included in the pnckoge thet would eventunlly
nccompany these hybride teo the farmers. It is in the light
of the above thet the present study was undertoken using

sorgbum hybrid SAMSORG 31 with the following objectives:

1« To study the effect nf nitrogen fertilizetion

on the performance of e sorghum hybrid.
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To study the intercction between nitrogen and

pleant density on sorghum yield and yield

components.

To study the effect of nitrogen and plant

density on nutrient content and quality of the

gorghum grain.



Chapter 2

LITERATURE REVIEW

2,1 Nitrogen

Sorghum is & heavy feeder on soll nutricnts,
especially nitrogen. Watson (1863) and Heathcote and
Stockinger (1570) have reported that soil fertility of
Nigerion savanne scils is generally low, Nitrogen wes
shown to be onc of those nutricnts that are most limiting
to crop production (Heathcote and Stockinger, 1970). Geus
(1976) rcvicwed the national volue of tropical grein croos
and the influcnce of fertilizers on these volucs. 1t woce
concluded that the production of tropicel grain crops couls
be increassed by increesing fertilizer application to
higheyiclding cultivars but grain protein quality should
be improved primarily through plant brecding., Evans ond
Wilson (1956) in the southern province of the then
Tengayinka (now Tanzania) obscrved thot the
effccts of fertilizers vericd with soil guelity and the
crop, but in thc majority of cases, significant increnooez
in yield were obteincd when fertilizotinn was incroosed,
In triasls conduoted ot various locations within India,

De (1974) reported that rcsponse to nitrogen varicd with
the native nutrient stetus of the scil and with the
cultivar grown and that the hybrids of all specics snow

greater response to nitrogen than locol vericticse.



2ele1 Effect of nitrogen epplicotion on scrghum jrouth

The effoct of nitrogon apulicoation rn sorghum growth
hee been studicd end rcported by many workore,  Lenjewer and
Khat (1978) using two scrghum cultivare and four lrvels
of nitrecen epplicntion ranging from O to 75 ko N/ha
nbecrve™” that the velues for plent height, dry welght per
~lent, sbsnlute growth rote, leaf ares in'ex (LAIY, lenf
cree retin (LAR) on' straw yiclrs differed from cultiver
t cultivor even umdler the same nitrocen lcvel. In o
ficld trisl conductcd by Galbiottl ot ol. (1277) in Latin
Amcrice, whore nitrogen wos apy 1icd os a8 slde drossing to
scrohum ot rotes of 30, 60 cr S0 kg/ha at 30 rfays oftor
cwing, or in two equel epplicaticns 2t 20 and 40 days
aftcr scwing, there wns n lrck fF responac in plent
t'wvclopment to increnses lcvels of nitrogon opplication.
In on experiment conductc!! to fPind the ¢ffect F rotes
nf nitrcgen o, flicatirn end plont peopulotion on coctain
orcuvth chaorrctors of sorghum, Srivostave snd Shetharii
(1968) cbserved thet plant growth inm terms of height,
leef number ondd etem dimmoter increosed progressively ae
the nitrcoen rotes increosc!’ from 24.7 €0 96.0 kg
nitrogon per ha. Tho highest level of 98.8 kg nitrogen

ez ha praducerd the best scrghum growth.

Rem (1960) reported on incrense in sorghum height

with nitrogen epplic~tien. The tallest plants were



aroduced when the highost rntc of 102 kg N jSer ho was
opplicd ot sowing. HKarve (1965) cbserved that snil-copplicd
nitrogen significantly increnserd the heicht of the sorghum
“lent ot 8ll stoges of develppment, slthough difforences
within the levels of 60, 120 ond 180 ko N per h= werc not
nroncunceds  Rediy ond Hussein (1963) reported! thnt

heinht of the sorghum (lent incre sed with increesing lovels
of nitrogen in scrghum "CSH-1" though the “ifferencos

were nnt significont. Using four sorghum genntyiis orowns
unfer rein-fed conditions ant given O to 200 kg nitrogen
ner hee, Vecranna anc Potil (1978) roporterd! increnscd in
ilent height with incrensing rotes of nitrogen opplicotion.
Gorder ct el. (1976) usin, sorghum cultivar “Continentrl
2201" pbserver thot inecrecsing nitrogen levels freom 10 0
70 kn per he, incrensced plant heizht from 102 cm in tha
unfeortilized control 4o betwecen 122 en?! 129 em. Rojiut

et pl. (1983) observed on incrensc in plont helght with
increreing lovel of nitrogen when rotes of O te 70 kg

N jer he were used. The obscrved differcncos were

hovever not significant stetisticolly.

The tctel lcof arer 0f the socrghum plont differs
from cultivar to cultivar on? from scescn toc senson.
ha the totel leaf orec of e plont incrernscs, the
propertion of the incident light th-t is intarceptar

inerceses up to on optimum before it begins to decline
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en:’ the rate of photosynthesis also increoases
correspondingly. Raghunethon ct ol. (1973) in o scries of
tricle in the summer monsooun and winter season and plso
using difforent sorghum cultivers cbserved thet incressing
nitrcgen rate from 60 kg per be to 160 kg per ho incrensaord!
totel leef erec in scrchum, It wes ohserved that loaf eron
cer plent was greater in direct srwn then in transpnlenterd
JAdots ant in the summer monsoun crop then in the winter
crc’e The verinus scrghum cultivars also responced
(iffercntly toc imcroosed nitrogen oppplicoticn. Marve
(1965) sturied the cffect of graded levele cf C te 180 kg
N per ha and found that totel leef area incroascd with
increasing level cf nitrogen. Choudhari (1967) also
chteined similsr results when he conducted 2 sorghum studly
in Indie compering various levels of nitrojen renging frem
L to 150 kg N per hn. Some other workers have alsc
rcinrter increnses in the total erce of functicnel lcoves
of sorghum with increonsing lovels of nitrocon epplicoticn,

(Patil, 1971; Lombe, 1972).

Fresh fodder yields respond to nitrocen apnlicntion
in thc seme menner as grain yield increnscs nccur with
increesing nitrcgen retes.  Perry ond Dlson (1575) studicrd
the effect of O te 270 kg N por he on irrigoted sorghum
onc they cbserved thet the stover yicld of scrghum wes
sitnificently incresscd by 90 kg N per he with no further

incrceses et hicher nitrogen retes, Dahatonde ond Aghpoo
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(1978) cbserved incresses in stover yield with incrocse
in luvel of nitrogen opplication. Stover yiclds were
incrensed from 5.67 to 6.57 t/ha in 1573 and from 3.58 to
Gel t/he in 1974 with 200 kg N per he. Patil end Jeawnle
(1977) cbserved an incrense in stover yicld when nitrogen
wes increased frem O to 150 kg per ha. The level of
nitronen producing the highest stover yiclds wes olven

eo 100 kg per ha, In @ study using twe sorghum cultivars,
Lenjewar and Khot (1978) nrted that increesing nitrogon
ratos from D to 75 kg per he incressed stover yiclids
irrevapective of the cultiver. Using a scrghum hybrid
“HB3" unt'er rein-fed conditions, Ranjodh and' Gi11 (1963)
checrved that stover yiclds were incrinsed from 2.65 t/hn

with no nmitrogen toc 6.01 t/ha with 100 kg N per ha.

Verinble dry motter yicld responses to increonses in
nitrocgen epplicatinn rotes beve been repertcd in the
litirature. Increasing nitrogen rates increassed dry mettor
yiclds u to an optimum whien gdditionadllevels of nitrogen
failed to preduced correspcnding increnses in stover yiclls.
Vecchiettini and Lambertini (1979) vbserved from on
cxperiment on both sandy end clay scils thot dry motter
viclds were lower =t 320 kg N per ha than at 20 kg
N jcr ho, when theoy used nitrogen retes which varied
from C tc 320 kg/be.  Gaya (1976) chscrved ®

significent increaese in dry matter production when higher
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levels of nitrogen were applied to sarghum at Nebraska in
the United States. Ory matter was highest at 90 and 120 kg
nitrogen per ha and this occurred between flowering and
physiological maturity. Garg and Kayande (1962) cbservod
an increase in sorghum stover yicld when nitrogen

application rate was increesed from O to 22 kg per hae

241,2 Effect of nitrogen spplicaticn on sorghum yicld

The effect of nitrogen application on grain yicld
of sorghum has been reported by verious werkers. Vooranno
and Patil (1978), using four sorghum genotypes grown uncor
rain-fed conditions, reported that different sorghum
hybrids and cultivars gave their highecst average yiclils oi
different nitrogen levels. The rates of nitrogen
application that were tested in their study vericd betwoon
0 and 200 kg per ha., In Nigerio, yicld incresses in
sorghum from the spplicetion of 56 and 112 kg sulphate of
ammonia/ha werza 11.8 and 15.6 per cent, respectively,
(Obi, 1959). Dahatonde and Adhaoo (1978) in e tuwo
year axperiment reportaed that groin yields of sorghum
hybrid "CSH1" were incrensed from 1.66 t/ha without
nitrogen to 4.25 t/ha in 1973 and from 1.36 to 3.36 t/ho
in 1974 with 150kg nitrogen per ha. 1t was alsc notod
that yields were not further incressed when 200 kg
nitrogen per ha was applicd. Mehrotra gt sl. (1979)

observed increases in tho grain yield of sorghum with
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incrense in nitrogen spplication. Twowyear average grain
yiclds of 1,48, 2,45 and 2,69 t/ha were observed when thoy
tested retes of O, 40, 80 and 120 kg N/ha, respecctivelye.
In e similar experiment, Haripvekasrac (1978) reported an
increase in grain yicld from 4.42 to 5.76 t/ha with
increasc in rates of applied nitrogen from 60 to 136 kg/hao.
Dgunlela end Obilana (1982) in a preliminary study at
Samaru using three sorghum hybrids observed response to
nitrogen application on 2 ferruginous tropical savanna
soll up to 66 kg N/ha. The effect of nitrogen application
on grain yicld of sorghum varied with soil ond climatic
conditions. Turkhede and Prasad (1978) reported that
sorghum hybrid "CSH1" given O to 150 kg N/ha gave the
highest yields with 150 kg N/ha in 1969 end with 100 ko
N/ha in 1970. Galblattl gt als (1977) cbserved thot
application of 60 kg N/ha produced a higher grain yield
than did the other trestments, namely 30 and S0 kg N/ha
tested by thems However, it was observed that difforencoes
between treatments were not significant. Escesinas et al.
(1981) reported that increassing nitrogen application

rate from 30 through 200 kg/ha was =mssociated with
increased grain yield and that the 200 kg N/ha rate gave

a yield of 2.32 t/ha while yield from the control was

1.32 t/ha.

Reddy &t al. (1978) observed that increasing the

rates of nitrogen fertillizer applied to three sorghum



14

cultivars from 0O to 120 kg N/ha increcased average grain
yield from 1,61 to 3.03 t/ha under raeinefed conditions. In
an experiment to determine the effect of rate and date of
nitrogen application on the production of grain sorghum,
Rosolem et al. (1901) observed that nitrogen applicntion
did not significantly incresse sorghum grain yield whon
they used rotes that renged from O to 120 kg N/hae On o
Milselsseippi River slluvial soil, Robinson and Sloane (1976G)
observed that applicotion of nitrogen to grein sorghum =t
rotes renging from 34 to 168 kg N/ha incresscd yiclds
significantly up to 68 kg N/ha only whilc higher nitrogon
rotes either decreased ylelds or preduced nom=significont
furthcr increases. In a prelimipery report on the resnonoo
of grain sorghum to applicd nitrogen Lutrick (1970) notc!
an increase in yield from 5304 kg/ha with 39 kg N/ha to
5600 kg/ha with 70 kg N/ha. It was alsc observed thot
rates higher than 70 kg N/he produccd no furthor increoooes
in yicld. Costa (1971) cbsecéved that nitrogen application
hod no significant offcect on grain yicld when he wscd
nitrogen rotes of 0, 4G 2nd 80 kg/ha. Tuwcody gt ol.

(1571) noted thet nitrogen nt 112 and 226 kg/ha incroosod!
the grein yield of sorghum by 25 and 22%, respectively,

as comporct with plots that had reccived no nitrogen
fertilization, Increasing the rote of applicd nitrogen
frem O to 80 kg/ha incrensed yiclds from 2200 to 4500

kg/he at Ludhiana while at Hissan, yiclds imcreosed from
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3900 kg/ha on plots given no nitrogen to 7200 kg/ha with
60 kg N/ha (Singh gt al., 1969). Haripraskash (1973) also
observed increases in grein yield of sorghum hybrid "CSHAR
when incressing retes of nitrogen fertilizer werc applicd,
Reddy et al. (1977) in o similor experiment noted
incresses in sorghum groin yield with incresses in rote
of applied nitrogen from O te 150 kg/ha. Increasing
nitrogen rote from O to 90 kg/ha was nlsc found to have
increased grein yields of sorghum from 1.47 to 3.03 t/hae
(Pewor gt 8l., 1977). The optimum nitrogen rete of 135
kg/ha with an cxpected yield of 4,29 t/he wes alsc workod

oute.

In an experiment conducted to find put the effoct of
plant populntion and levels of fertilizer nitrogen on &ho
yield of irrigeted hybrid sorghum, Berno ond Preston
(1967) observed significantly reducced groin yields with
increasing nitrogen spplicz2tion rete in two of the throo
triels while in the third trisl, yields per ho werc not
affccted by rate of nitrogen. Homakrishman et ol. (1974)
observed increase in grein yields from 5.07 to 6.54
t/ha when nitrogen retes ronoging from O to 150 kg (i/hn
were tested. However, yiclds were decreased with 200
kg N/hae Investigoticne by Bernma gt 2le. (1971) revealed
that nitrogen application decreascd grain yield per ha
and yield per plant. It was obscrved that nitrogen

depressed the positive effects of potseaium and
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phosphorus exccpt at the highest levels and, thcreforc,
concluded that there was no advantage in applying nitrogen
to this "H160". G111 gt al. (1971) worked on a red,
gravely, send=loam soil during a summer monscon in India.
They observed that incresses in rates of opplied nitrnoen
were accompanied by linear increases in grain yield from
L73 to 827 kg/ha when they tested N rates ranging from
25 to 75 kg N/ha. Grain ylelds were censistently inecreosod
by applied nitrogen, the megnitude of increase depending
on the nitrogen sccumulation in the spil profile from
previous fertilizer treotments (Fuehring end Finkner,
1974). In an experiment using sorghum hybrid “CS5H=1",
Shukla snd Seth (1976) observed thot increosing the
nitrogen rate from 0 to 120 kg/ha increased grain yiclds
from 1.77 to 2.91 t/ha., This wos attributed to incrcaosc
in number of grains per panicle from 596 to 1039 and
acgcelarated flowering and meturity. Sotomayor-Rios and
Lugo=Lopez (1970) reported significent increase in groin
yield with the first increament in nitrogen opplicction
but further incroasses in nitrogon rote felilod to
significently increase sorghum yicld when rates of 56,
112, 160, 224 and 200 kg N/ba were applicd in  on oxisol

of north-western Puerto Ricoa

2.3 Effect of nitrogen applicotion on sorghum yicld

cnmganenta

Nitrogen applicaticn 1s cxpected to affect sorghum
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grain yicld through its offects on mojor componcnts of
yield such @s grein number, grain weight panicle sizc.
Shukla end Seth (1976) reported that increasing nitrooen
rate from 0 to 120 kg/ha increased numboer of grains per
sorghum panicle from 596 to 1039, Recently, Pal ot zl.
(1904) in en experiment using different sorghum hybrids
cbserved that hybrid "C5H=5" gove the hichest yields
because 1t has the greatcst number of greins per paniclo.
They also noted thet o nitrecgen rete of 00 or 120 kg N/he
significantly increcescd the nunber of grains per paniclo,
A eimilar result had eerlier been reoported by Escnsinan

et al. (1901) in the Philippincs.

Azeredo gt al. (1975) reported increase in gredin
weight per panicle with increese in nitrogen applicetion
over 2 range of O to 100 kg M per ha. They also obscrvod
that of all the yield components studicd, average grain
welght per panlcle gave the best correlotion with grein
yield, Tatwowndi and Choudhari (1976) oppliced different
rates of nitrogen phosphorus and potassium
on groin sgrghum "CSH=1" in India and observed that orain
weight per ponicle increased with increcsed rntes of
nitrogen cpplicotion. Escasinas et nl. (1901) using
nitrogen rates from 0 to 200 kg/ho observed thot the
application of nitrogen to sorghum incremsed grain weight
per panicle and Patil and Jowale (1977) reported thot
1000=grain weight wos highest when the erop received o

fertilizer dressing of 100 kg N/ha nmong verious rntos
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of 0O, 50, 100 and 150 kg N/ha that were compared,
Tetwawodl and Choudhari (1976) on the other hand obsepvord
a decrease in 1000-grain weight as a result of increaccd

nitrogen applicotion.

In an experiment thet was conducted to study the
effect of different nitrogen levels on the yield and
yield components of sorghum, Escasinns et al. (1901)
cbeerved that panicle length incresscd with the
application of nitrogen fertilizer. Heriprokasrao (1977)
ond Rajput et al. (1903) also observed similar results
when they applicd different levels of nitrogen in their
independent investigations. Patil and Jowele (1977) in
India observed an increase in panicle length of sorghum
"CSH=5" with increose in nitrogen spplicnticon. When
nitrogen retes were increcsed to 100 kg/ha, the lonocst
and heaviest penicles were cbtained. Ikeda ond Nakagome
(1970) on the other hand ocbserved thot panicle length of
dwuarf grain sorghum wns slightly =ffected by nitrogen
fertilization. Nitroogen applicotion ecan also have
negetive effects on sorghum panicles ns had beegn reportod
by Tatwawadi and Choudhari (1976) who found that paniclu
length decreased as nitrogen application rate was
increassed. In ficld trinls uwsing dworf sorghum hybrid
"RG610" in India, increosing the rote of nitrogen
applicztion from 0 to 100 kg/he incrensod pnapicle weioht

by 125%, panicle length by 081% ond percentage of harvestod
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panicles by 30% (Strivastava, 1570). Using nitrogen lovels
of 50, 100 and 150 kg/ba, Tatwowadi anpd Choudhari (1976)
glso noted theot panicle weight was incrensed as nitrogen

application rotcs increased.

2.2 Flant Populction

Plant nutrition, growth and yleld can be markocdly
influenccd by the number of plants pcr unit land arco,
The effects of incresmsed plent populaticn on sorghum
performance have been studicd by many workers. Shepel and
firistar Khova (4902), in o study of cleveon characters of
grain sorghum cbserved thet these charecters fzll into tho
following three groups in terms of the effeect increascd
plant density has on them: (1) choracters whose valucs
increase with increased density, such as plant height,
groein size end yicld, (ii) characters whose valucs
decrease with incrensed density such as panicle leéngth,
length of third leaf, stem diasmeter, tillcr number cond
duration of growth, and (iii) characters which react
littlc to stend density chenges, such ng number of

internodes per plent, anc length of tho leaf sheath,

2,201 Effect of plant density on sorghum growth

Reports on the effect of increascd plont donsity on
the length of the sorghum stelk hove beon reported in thoe

literature. Ikedo and Nakagamao (1970), using seven plent
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r'unsities cbsorved on increasc in the lencth of sorghum
mlent es plant density incrensude In a serics »f triels,
Gikic (1972) observad tho grestest plent height of scrghum
with spacings nf 50 cm betwoen rows end 10 cm between
olents (111 111 plents/he) nr 60 cm between rows ond 10U cm
Letween plonte (166 667) plents/ha) when he used plont
ropuleticrns ranging from 29 600 to 200 LNO plonte/ha. In
on experiment studying the effect of row wid'th ond plont
giocing within row on sorghum yicle end its crmsanonts,
Son (1969) reported thot plant height was not offocter by
increascd plent lgnsity. A nogetive effoct of nlont
censity on plont height of strghum wes rejortoc in the
Fhilipr'nee by Hoshino (1574), who chserver o morkedly
ricuced plant heioht ss o result of incrcascd plent censitye.
In studics te detcrmine tho cffect 2f varying rrw spocings
cn the growth of sorghum, Garg ond Kayonde (13963)

reperter! th-t wide spacings increnscd the thickness of the

stom.

In » sories of triasls contucter during the summer
tonscon end wintor semson in Indie, flaghunathon ot ol.
(1973) obscrvcd thrt when the plant popul-ticn of sorghum
une increased from 133 COC tc 177 00O plants/hn, there
wra reduction in leof area per plent. Hoshino (1974)
alsu obscrvid aomc roduction in sergbum leoef ereoe ns n

result of increzsing nlent density.

In a scrics cf trials usin. the sorghum cultiver
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‘White Collier', sown et inter~row spacings of 4O to 70 ca
and inter-plont spocings of 15 to 40 cme Son (1969)
obeerved increased stover weight with increasing plant
density. Vecchiettini and Lambertini (1979) worked on
both sandy and clay scil and obtalned higher dry matter

ylelds at lower scwing rates than et highcer sowing ratos.

2242 Effect of plant density on sorghum yieid

Many workers have studled the effect of plant
densities on the yield of sorghum. Grain yicld of four
sorghum cultivars in Indis varicd significaontly botween
plant densitica of 30, 4D or S0 plnnta/m2 (Pesideric and
Mowctti, 1905). They obscrved in just one year out of
a number of yoors during which their experiment was
conducted under rain-fad conditicns thet the higher thoe
plont density, the lower was the grein yield, Incronsing
levels of sorghum plant density gove significently highon
gredn yields up to 2 population level of 40 DDD planis/ho
in India, beyond which there occurred o decrense in groin
vield (Mehrotra gt o0l., 1979)¢ In n serice of experiments
conducted ot Somoru during 1960~70 to study the offoct of
plant renalty changes on long secason dwarf photoscnsitive
sorghum varieties 2and hybrids, Andrews (1976) found thoed
the optimum plent deneity for the crop wos 65 000 plants/ha.
Elsewhere, o pleant density of 200 000 plants/ha geve thoe

highest sorghum groin yicld of 2.07 t/ha in Philippines
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(Escasinas gt al., 1901) and the work of Bhalerao and
Choudhari (1977) in Indin produced o result which showed

an optimum plant populntion level of 135 000 plonts/ho.
Using two scrghum hybrids grown ot between pleont spacingoe
cf 15 or 22.5 cm, Lonjewsr and Khot (1970) obsepved thot
norrowing spacings between plants produced no effoct on
grain yicld, BSolorzano (1902) conducted on expoeriment
testing the affuci of population levels on the performonco
of grain aarghumfugnczuelu from which he observed incronsod
groin yield with inereesing plont population when hoe used

plant populetions of 200 000, 320 00C and 350 COO pleonte/ho.

Increasing plant density of threc dwarf sorghum
cultivars from 600 000 to 1 200 OO0 plents/he increasce cocin
yield, However, therc werc yileld differences among the

verious cultivars (Melinovskii and Vokhonskii, 1977).

Yicld decrenses with plant populoation nt less thon
00% of the optimum populetion lecvel which was 150 UOU
plente/ha irrespective of planting pettern on red shollow
soils in India (Chetty and Reddy, 1979). Thesc workers
also reported thet as long ns this optimum plent pooul-tion
level and row width of 45 cm were maintained, the pottoen
of plant distribution within row had no significont offoct
on grein yield. Ivenov (1922), using = scrghum hybrid
'NK«120' grown at e stand density of 71 400 to 205 720
plants/ha cbscrved thot the highest average grain yiold

of 6.26 t/hn was obtaincd with 142 050 plants/ba a2nd thot



23

further increasse in sten! density decreesed yicld, especinlly
in r'ry ycars. Chouttheri and Mahalle (1971) used three
pe:uleticn levels of 15C 000 100 CCC ond 75 CCO plants/hao
rnd observed that 150 OCC plonts/he gave hicher grain

yicle than eny ~f the other two plant denaslties tcsted. In
Crezil, Coete (1571) obscrved non-significont increese in
grein yicld ns a result of increased lent denslty.

During 1977-70 sceson, grein yiclcd but nat stover yields
ond in 1979 stover yiclds, but not grain yiclds, incroasc:!
aignificantly with increased plant density (Postiglionc ond
Bessc, 1900). Their rosult demonstrated the significaonce
of scaaonal variation in yield responsc to plant populeticn

chrnees in grein sorgbhum.

2.2,3 Effect of plent donsity on sorghum yield comprnents

The effect of plont density on the number of grains
per penicle of scrghum hes been reported by o numboer of
werkers. Using semi-dworf snd tell sorghum cultivers in o
etur’y contucted in Illinois, United Stotcs, Wehue 2nd Millor
(1970) cbserved thot incrossing sorohum plant rfensity from
1.30 tn 33 plcnta/m2 reduced the number of greins por
ronicle. Ogunlels znd Dhilana (1002) ohservcd theot pl=nt
tdeneity did not influence sorghum performcnce -t Sommru
excert toc ingroose the hend end grein numbers. Molina

vt alse (1977) reported recducticns in number of gronins per

- —
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panicle when they used scven sorghum cultivers at plont
population of 120 000, 200 000 and 200 0OQ plonts/ha.
Escasinng et sl. (1901) investigoted the effect of
different plont densitics on sorghum yicld compon.onis
and reported thot when sorghum plent population incroosod

number of grains per ponicle decreased.

Lonjewar and Khot (1970) in o study with sorghum
cultivers grown ot botween plant spocings of 15 or 22.5 cnm
noted reduction in groln weloht per ponicle as o result of
increesed plant density. Son (1969) on the nthoer hond
reported increases in grain weight per 100 Nz with
increasing plant depsity in sweet sorghum (Sorghum Yuloo oo
Rers.). Lonlsberg (1964), who compnred difforent corobum
plent populatica in Rhodesia, observed thnt henvy poniclos
Produced highcr viclds thon did a lerger number of
lithter henda,

Srivastava (1970), studicd the yicld-contributing
characiers of dwarf sorghum os influcncer by intro-row
spacings, He observed that incrzasing the distance botwaen
plants frm 10 to 30 cm in rows spaced 50 em oport
increased fanicle weight by 25% and percentage of

harvested Poicles by 164,

Wahua and yillyr (1977) obsorved that incrossing
plent densitics "rom 1,30 to 33 pl:nta/m2 only slightly
influcnced 1000=gMAN weight in semi-dwerf and toll
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sorghum cultivars. In o geries of trials, Son (1969)
observed that the 1000=grein weight of sorghum cultiver

'white Collier' decressed with increased plent densitye

The effect of incressed plant density on the numbor
of penicles per plant was reported by Hoshing (1974) ent
Wahua and Miller (1970). They both observed that when
plent density was incressed, number of panicles per nlant
in sorghum was reduced. Using two sorghum cultivorg sown
at inter plant spacing of 15 or 22,5 cm. Lanjewar and fhot
(1970) noted increeses in number of penicles per plot with
increased plant density. Escasines gt al. (1901) stuiicd
the effect of different populotion densitiecs on the yicld
and yield components of sorghum, They noted =2 reduction in
panicle length with increasing plent density, Using throo
different sorghum hybrids, Glkic (1972) obscrved thot tho
shortest panicles came from plants spaccd 10 or 10 em apaxt
when he used plant densitics which ranged botween 29 600

and 200 000 plonts/ha.

2,3 Effect of Nitrogen Applicotion and

Flant Density on Grainm Quality

The effects nf nitrogen applicetion nnd plont density
on grain gquality hove been extensively studicd by many
workers. Sotomayor-Rics and Lugo-Lopez (1970) studicd tho
effect of nitrogen fertilization on sorghum graoin qualitye.
They observed that grein nitrogen content increascd with

incrensing nitrogen spplicntion in Fuertqg Rico ond thok
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grain crude protein content was highocr with split application
of nitrogen then when this nutrient was applied in a sinolea
dose. Pal gt al. (1903) nlso noted thot application of
nitrogen to newly developed hybrids and varigties of sorghum
increased nitrngem uptakes WKhatoon (1970) reporterd thet
the content of crude protein, truc protein, noneprotein
nitrogen end prolamine in greins of hybrid socrghum
increased with increasing nitrogen epplication ratcs. In
trials with grain sorghum in both wet and dry seasons,
hzeredo gt al. (1976) reported incresses in grain protein
vicld with application of nitrogen and that grain proiein
yield per ha is more dependent on grain yield than un
groin protein content, which varics inversely with groin
yield., Geus (1976) studicd the nutritionsl value of
tropicel groin crops including sorghume He reported thot
application of nitrogen fertilizer increased the protoein
content of sorghum grains ond concluded that grain protoein
guality should be improved mainly through glant breeding,
fippliceticn of 150 kg N/ha significontly 4increascd crulc
protein and truc protein contents of sorghum grein moinly
by increasing the prolamine fraction in the protein

(Gupte and Gupta, 1972), In thc same cxperiment, it u-g
observed that applied nitrogen increased the content of
lysing, leusine, mocthiconine and tryptophan in the grain.
Protein nitrogen in the groin increased steondily from
DeB0% for the control, which was not given niteogen, to

11.,30% with 160 kg N/he (Lutrick, 1970)« Roo end lerddy



27

(1973) noted that grain protein content increosed with
increasing nitrogen rates when they epplicd nitrogen

levels of O to 150 kg/ha to four sorghum cultivers. It wog
also observed thot the major protein fraction was glutelin
followed by albumin, globulin ond prolamine. Tweedy gt al.
(1971) observed an increase in toctal protein content of
grain from 49 to 52% when they applicd nitrogen retes of
112 to 224 kg N/ha. In an experiment to investigoto the
effect of nitrogen levels on nitrogen urteke, Joshi and
Morey (1970) observed increosed valucs of nitregen contonts
end nitrogen upteke by organs as a result of increascd
nitrogen application rate. fApplication of nitrogen ot
rotes of 60 and 136 kg N/ha gave significent increnscs in
both content and yicld of protein in grain ond foreoo in
Texas (Burleson, 1956). Using nineteen sorglum cultivors
at both high and low fertility lcvels, Campbell and

Fickett (1960) reported that nitrogen application
significontly influenced the grein protein content ot low
fertility level. Warel and Wright (1973) in India studiol
the effect of various lovels of nitrogen on the guolity of
predn sorghume They reported thet nitrogen applicotion
increased the grain content ond yield of protoin and that
higher protein content obscrved from the application of

60 kg N/ha reflected increnscs in prolemine =nd glutclin
contents. At rotes of 120 and 100 kg N/ha, it wee only thoe
prolomine content thot wes increonsed, and slso a2t an

application rete of 100 kg N/hn both the graln protein and
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amino acid contents were incrensed but the proporticn of
gssentinl to non-ecssentinl amino ecids was lower comporod

to the unfertilized caontrol. hHtar ond Bians (1973) obscaver!
incrcases in grain protein content as 2 result of

incrensed nitrogen applicotion when they uvsed rotes of
nitrogen ranging from O to 100 kg/ha, Veeranna and Patil
(1970) using grein sorghum grown wunder roin-fed conditions
ohserved incremsed nitrogen upteke and grain nitrogen
content when they comparcd the effects of nitrogen

applicotion rotes which renged between C and 200 kg N/ho.

Grain protein content decreesced with incressing
plent population when plent populetion ranging from 91 OUD
to 272 000 plants/ha were tested using sorghum cultivars

ICSH=1' and 'Swarna' (Ater and Baing, 1973).

2.4 Intersction between Plaont Density

and Nitrongen in Sorghum

Very few interoctive effects of plant density and

nitrogen have been cited in the literoturc.

In a field trinl uwsing threoe sorghum hybrids, namoly,
'RS626', 'RS671' and 'NBE3L', Gaya (1975) obscrved thet
yields of 'R3626' were hiohest at the loweet popul-tion
density of 100 000 plonts/ha and at - the highcst nitronen
vate of 120 kg/ha, while 'NBG34' =nd '"RSE671' produced theilx
highest yields under 2 combination of bigh populotion

levels and high nitrogen retes. In an experiment
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conducted by Morril and Ashlock (1975), it was observod That
grain yield of sorghum varicd betwcen yeers but that the
averege dato indiceted thet yieclds were bighest =t 00 000
plants/ha end 36 kg N/ha. Joshl and Upadhyay (1977) stulicd
three sorghum cultivers and reported thot grain and fodden
yiclds per he increased with increasing nitrogen
application at the highest plant density. They also
reported thot moximum yiclds were obteined at inter-plent
spacings of 10 cm under e fertilizeor trocatment of 150 ko
N/ha. In a similar experiment using sorghum hybrid 'GE76LT,
Taterc and Ojima (1973) observed a maximum dry mottor
production rote ot 42 g/mzfday and that this occurped OF

a high plant density under a hcavy fertilizer aoppliention

at 300 kg N/ha 2t 14 days before heading.

2.5 Correlations

Groin yield in sorghum has been shown to be more
positively correlated with the number of heads per unit
orea than with the size of the heod or weight of groin
per head (Martin, 1920). In twn triels with grein soschum
under both rein-fed and irrigated conditions in Brazil,
Azeredo gt al. (1975) reported that of all the yicld
components studied, aversge grain weight per panicle gave
the best correlation with grain vicld, The rates of

nitrogen tested were G, 50 and 100 kg/ha.
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In & sorghum/whecat rotation using nitrogen levels of
50, 100 and 150 kg/ha, Decau gt al. (1977) observed a
negative correlation between grein protein content and
yiclde In a field trial with sorghum cultivar 'Funk's
G, 522!, Armero and Brambila (1977) nbserved a highly
significant positive correlation between rate of epplicd
nitrogen and grain crucdz protein contont when they testoed
nitrogen rates of O, 00, 120, 160 and 200 kg/ha. In a Cry
season, sorghum cultivars 'Cosor 3' and 'UPLB SG-5' woro
sown after low-land rice using zero or conventional
tillage ot plant densities of 200 00D, 250 0OQ, and
300 000 plants/ha and nitrogen rotes of 0, 50, 150 kg #'/hu.
Leaf arca index (LAI) was found to be closcly corrclntod
with grain yield (Pascual gt nl., 1978). In an cxporincnd
conducted to study the effect of strige and fertilizox
application on hybrid sorghum performance in the Nigerien
sovanna, Ogunlecla (1903) observed positive correlntiono
between grein yicld and stover yield, weight per head,
plant hcight and grein number per hend. Stover yicld wos
also found to be positively correlotod with these yicld
components and plant hcight. However, grein yicld

negatively correlated with numbir of days to 50% flowcring.
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Chapter 3
MATERIALS AND METHODS
3.1 Expcrimental 5ite
A fleld cxperiment was conductcd ot the Institute oo

hgricultural Resecarch exporimental farm in Samoru (11° 11‘
N, a7” 30' E, 606 m above seca level), Nigerin, during the
1905 cropping season. Sameru lics within the northern
Guinca savenpa zone (Keay, 1959). It reccives a moan
annual reinfall of 1007 mm during the months of Spril &0
September (Kowsl =nd Knabe, 1972). The field used hoo
been left fellow for several yenrs befpore it wos eropped

with soyabean (Glycine max L.) during the 1904 reiny ccoson,

3,2 5o0ll Samples

after plowing and harrowing and prior to fertilizor
application, two compeosite soil somples were taken from
0«20 cm and 20 - 40 cm depths at the experimental site.
Each sample was annlyscd for chemical and physicel
properties using standerd procedures and the results of

these arc shown in Tablc 361

3.3 Crop Used

The croup userd was sorghum hybrid SAMG0RG 31, 2 hioh

yielding cultivar of medium height.
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Table 1: Physico-ghomical propertics of composite soil

gamples taken from two depths at the experimeninl
gite at Gamary, 1905,

Soil property Soil depths .
Physical property 0 - 20 cm 20 = 40 cm

Sand % L2 40

511t % Ly 34

Clay % 14 26
Textural class Sandy loom Sandy clay loam

Chemical property

PH 1:1 H,0 beD 5.6

pH 1:25 (Cacly) be2 5.0
Totel nitrogen % 0,046 e 0kLG
Organic carbon % 060 Dehl

C : N rotio 1:10 1213
hvailable P (ppm) 3.5 1ok

Exchengeble boscs

¥ (meq/100g soil) D.23 .10
Ca (meg/100g soil) 3425 3.00
Mg (meq/100g soil) De95 e GE
Ne (meq/100g scil) 0,07 0,06

CEC (meg/100g soil) Ge0 72
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3.4 Experimental Design

The expcriment was laid out in o randomized complote
block design. The five rates of nitrogen ond the throo
plant populations were in fectorial combinoticns to give
fiftecn treatments. Eech treatment was replicated four

timcs,.

3.5 Plot Size

-
-

The gross plot size wns .5 m x 9.0 m (40.5 mz) "

the net plot eize was 3.0 m x 9.0 @ €27.0 m2).

3.6 Irgotmenta

3.6+1 Nitrogen

Nitrogen (N) was applicd os celcium ammenium nitroto
(26% N) ot the retes of Q, 30, GO, S0 ond 120 kg N/hae 200!
rate of nitrogen was anplied in two split doses, half ot
three wecks after planting (WAP) end the other half wea
applicd eilght wecks after plonting. Tho First and second
doses of nitreoen fertilizer were applicd by side-rdressin
in a groove 2long the ridge and covercd with seil

immediotely aftor uniform application.

3e6o2 Plant population

Three plant populetion levels were comparod, nancly,

were
34 OGO, 50 0CC end 66 CO0 plants/ha. Rows/spacod 75 on

apart and inter-plomt specing wes varicd to mointain tho
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desired plent populaticn levels. All possible fectoriel

crmbinstions making up the trectments tested arc os

fecllows:
T - NoPa
T - NPy
T, = NgPs
T ; "1
Tg - NPy
Ve - N4Ps
T - NP 4
Vs - NPy
Tg = NoPs
T1o " N3Py
T44 - N3Pa
T12 - N3Py
T13 - NPy
LETA . NP2
Tis . NyPsy

uhcre Nyom Cy, Ny = 30, N, = 60, Ny = 90 and N, = 120 kg

o 3 b

N/ho end P, = 34 COC, P, = 50 CCO and Py = 66 OOC plents/ha.

2 3

3.7 Cultural Practicis

The lend was ploughed and harrowed. A blankct
cpplicetion of muriate of potash anc single supper

phosrhate at retes of 40 kg Hzf/ha and 6C kg P235/ha
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respectively, was cerried out before ridging. Ridging waos
done at a row distance of 0,75 m with each plot consisting
of six ridges. The seeds were treetcd with Aldrex T ot

5 g/kg of sceds before planting. About four sceds werc sown
per hole at interplant spacings of 4O, 26 and 20 cm
(depending on the desired plant population). It was loter
thinned to one plant per stand at three weeks aftor
planting, ensuring that the most vigorous scedling wes
reteined. There wes an ettack of stem borer and this was
controlled by spraying carbaryl (Vetox OS5WF) st the rete

of 1.02 kg ael./haes The experiment received three weckly
sprays of Vetox, A pre<emergence herbicide, Gardoprim A
500 FW was applied at the rate of 2,0 kg a.i./ha for the
control of early weeds. GSupplementary hoe-weeding wos dond

during the cropping season as was found neccessary.

3.8 Measuregments and Obscrvations

3.0.1 Hutaurnlogical deta

The meteorologicel data for Samaru during the 1905
cropping season, consisting of roinfell figures, are shown
in Appendix Tables A.1 and A.2. Appendix Table A.1
consists of daily rainfall figures during May to Octnber,
1505; while Appendix Teble A.2 shows 10=-day rainfall

totels during the same periocd.

3.0.2 Flant height

Ten plants were randomly selected within the not
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nlot ares end their individual heighte to the tips of tho
renicles were meosurer nt 14 weeks ofter plenting. The

average nlont height fFor coch plet weoa lnter colculotod.

3.0¢3 Lexnf arcs meesurcment

The leaf arez was measurcd ot 15 weeks cofter
nlenting. This wes done by selecting frur plonts from
cech net plot oree and measuring the length and the maximum
width of every leef on coch of the four plants. To
comrute the leaf arce, the procduct of length and moximum
wicth wps multiplicd by o foctor of C,75 (Stickler et ol.,
1961). The sum of the lenf nren of nmll the leoves on n
plont gave the total leef ereac for thet plont. The flag

leef rree at 10 WAF was determinced using the ssme procedurc.

3404 Flont dry weight

Fnur plents from the discerd sren were sompled
threc times curing the growing senacn rt fortnightly
intervels, nomely, ot 12, 14 =ncd 16 weeks nfter planting.
Hrrvested plants were separated intc leaves, pirniclcs oand
stems. Samples werc then dricd in =n oven et 7UUE to
constant weights and weights were recorded. The wel hts

Gbtelned were then expressed as dry weights per plant.

3.0.5 Number of pcnicles per net plot

The number of penicles in the plots were countod
gt hervest and these veluus later use:!! to colcoulote the

number of panicles per m2 ond per hectore.
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3.0.,6 5tand count at harvest

The totsl number of stonds per net plot ot harvost

was counted,

3.0.,7 Fanicle length

At maturity, the'lengtha nf ten randomly solietorl
panicles per net plot were measureds On the basls af this,

the average panicle length for each plot was determinad,

3.0.0 Number af internodes

The numbers of Intermodes for ten randomly selectaed
plonts per plot were recorded of 19 weeks efter plonting
and the average number of intcrncdes per plant for oach

plot wes later determined,

3.0.9 GSftem diameter

The stem diamoter at the first internode above thu
ground level wes moasured for ten plants =zelocted randumly

within cach plat at 10 wecks after planting using o ooir

of colipers.

3.8.10 Stover yicld

Lhfter harvesting the'péniclcs, the nlapt stalks
were cut at ground leovel, left on the Fiold for some time

to aun dry end later weinghed.



3.0,11 41000-grain weight

f sample of 1CCL-yrcing wns tmkon from eech (1ot

horvest and weighed.

3.0¢12 Number of lceves

The number of fully exponied lecves on ton rantomly
selected plents in esch plot wes rfotermincd ot 16 weeks

nfter planting.

3.0e13 Graein yield ond components of yicld

The ograin vield, penicle yield, numbor of greins/
reniele, test weight, horvest index, grainm:  stover retio

rnc’ threshing percentnge were cbteined ns followsy

1 Groin yield
The grein yicld was nbtocined by weiohing the
grains gnt from the net plet. This weight wes

then multiplied by 37C.37.

2. Fonlcle yicld
This wns obteined by hervesting the penicles
within the net plot =n”’ then weighed. This was

then multiplicd by 370.37.

3. Number of greins/penicle

grein yield/plot 16C0
= Nc. renicic/plct X AC0L groin weight.
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be Test wzaight

1
= X x O
X = known weight of grain

L = known volume of groin

5. Herveat index

total groin weight
stover wt. + total penicle wt.

6. Greln : stover ratilo

_ groin yield/he
Stover yicld/ha

7. Threshing porcentage

wt, groin

= Wt.peniclie © 100

3.0e14 Chemicel enolysis ¢f grein

Samples were taken from grein heorvost for aach
1ot end ground with 2 Wiley mill to pess through e 2mm
sorcens Core wes tsken to svold any contaminetion of the
soimple. Duplicete sub-semples were taken anr enslysed
for totel nitrogen content using the stendsrd micro-
itjeldohl method (Bremner, 1565). Crude protein content
vies cetermined by multiplying the totel mitrogen content
by o Pactor of 6.25 (Gurragessian et sl., 1977). Tatel
yroteln yield velues were arrived 2% by uwsing the followin,

firnula:
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Frotein yield (kg/ha)

crude protein (%) x grain yield (kg/ha)
100

3.0.15 Statistical anelysis

The data collected were analysed as s randomizec
complete block design. #Analysis of variance to test
treatment effects was done for each of the observerd
peremeters. Maln and interaction effects were also
cdetermined for each of the observed parameters.
Sinnificance of mean differences was tested usinn the
new Duncan's Multiple Range Test described by Steel and

Torrie (1960).
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Chapter &

RESULTS

L.1 Effect of Nitrogen Rate and Plant

Population on Yield and Yield

Components of Grain Sorghum

4,141 Grain vyield

Increasing nitragen application rote from G to 120 ko
N/ha did not increase sorghum grain yicld significantly,.
Similarly, increasing plant population levels from 346 (00
to 66 00CQ plants/he had no significant effect on groin
yield. Therc was virtually no yicld response as plant
population was increcsed from 34 000 to 50 000 plants/ho
while a further increase to 66 00U plants/ha scomed tn

depress yicld marginally, (Table Le1).

baele2 stDUEI'_YiL’ld

Significent differences in stover yield werce
observed amang the varicus nitrogen rates. Gpplication
of 90 kg N/ha produced significantly higher stover yicld
than 30 kg N/ha. Lower gstover yicld wos
nbtained with 30 kg N/ha comparcd with zny of thz othor
three nitrogen rates. The effects of O, 30, 60 end 120 kg

N/ha rates on stover yield were almost at par (Table 4e.1).

Increasing the plant population levels from 34 Ol B0
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Table 4.1: The effect of nitrogen and plent population on

grain vield, stover yicld, 1000-groin weight

and numbcr of grains per panicle of sorghum
hybrid SAMSORG 31 at Somaru, 1905,

o ——

Grain yield Stover yicld 1000-grain Wo. cwoding
Treatment (ko/ha) (kg/ha) wt. (g) pur paniele
Nitrogen rate
(kg/ha)
0 24330 6092ab 26.90 247hn
30 210k4a 5027a 25,38 2354n
60 2L05a 6515ab 26.18 27300
90 26720 7034b 26.18 27590
120 2255a 6549ab 25.5a 2L750
SEZ 251.3 51646 0.93 20345

Plent population

(plants/ha)
34 000 2419a 6530a 26.70 2971c
50 000 2L29a 6715a 25.5a 2l 5l
66 0CO 2321a Bbb6o 25.78 2n2ha
se 194.6 400, 0e72 1576
Meéan 2309.8 656345 25,90 250!«

-y - - -—

heans followed by the same letter(s) within the same column
and treatment are not significantly different at 5% lcvel of
probability according to the new Duncantse Multiple Range Tost.
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66 000 plants/ha had no significant effect on stovar yiclde
However, therc was e tendency for stover vield to incronsc
when plant population was incressed from 34 Q00 to 50 UUD
plants/ha while a further increase to 66 Q00 plants/hea

secemed to decrease yield (Table 4.1).

be1e3 Thousand-grein weight

Grein weight was significantly affected by neith .o
nitrogen applicetion rate nor by plant population in thco
present study, Houwever, grain weight wes slightly highor
with 34 000 plents/ha than with any of the higher plont

population lovels of 50 000 eand 66 000 plants/ha (Tabl: G.1).

belel Number of grains per panicle

A8 sten in Table 4.1, the effect of nitrogen
application rate on the number of groins per peniclc wng nod

significent.

The effect of plant population lovels on number of
grains per panicle wes however significant. Increasing
plont population decresscd thc number of greins per paniclio.
Flant populmtion at & level of 34 Q0C plants/ha produccd
significantly more grains per penicle than did any of the
other levels. Sigmificently lower numbér of grains por
panicle was obteincd with the highost plant popul=tion

lcvel of 66 000 plents/ha tosted in the present stut'y.



bk

L.1.5 Number of panicles per sgquare metre

The effect of nitrogen applicaticn on the number of
penicles per m2 was not significont when nitrogen rate wns

vpried between O and 120 kg N/ha,

There were significant differcnces in number of
paenicles per m2 due toc increase in plent population. The
50 000 and 66 000 plants/ha which were at par, produccd
significantly higher numbers of panicles per m2 than tho
34 000 plants/ha level. The first 16 000 plants/h=2
increment in plant populatlion gave 27% incressc in numbow

of panicles per m2 (Table L.2).

Le1.6 PFanicle lC“!.'th

The influence of nigrogen application on paniclco
length was not significent when nitrogen rate was varicd
between 0 and 120 kg N/hn. The length of panicle wes
however affected by increosing plent population. When [ lond
populetion was increased from 34 000 to 50 000 plonts/ho,
panicle length was decreesed slightly but remained
unaffected by o further increase in plant population to
66 000 plants/hn. The shortest panicles werc observed

with the higher plant population leovels (Table 6.2).

4o1,7 Panicle yleld

Neither nitrogen application rote nor plant

population level affected panicle yield significantly.
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Table 4,2: The effect of nitrogen and plant population or

number of panicles per mz. panicle length,

penicle yield, grain weight per panicle ond

weight per ponicle of sorghum hybrid SAMS0RG 31

at Samaru, 1505.

R LR

GI‘Cin LlJt. 'J.H:uc “T”.I‘

No, penicles FPFepicle Fonicle
Treatment 2 length  yield per plent peonicle
pek (cm) __ (kn/ha) @ LD
Nitrogen rete
(kg/ha)
0 3.78 35.2a 3243 .0nm 59.0n 0770
30 3.6a 34499 2913.6a 52.20 79
60 3.5 35.50 3305.6a 61.00 10340
90 3.0m 35.0a 3549 .4n 59.4a T
120 3.6a 35.10 3114420 52,30 o0
sed 0,19 Oals? 205,12  6e410 4i1a1h
Flant population
plants/ha
34 000 .00 35,5%b 3205.60  71.4o 10Cei b
50 OGO 3.0b 35.0a 327040 53.2n T
66 000 Le1b 35.0 3200.Ca L5.70 Zeon
SES 0e15 0,32 220,0 s 72 786
Mean 3.64 35.30 322533 56.70 92473

W B A——t

Meons followed by the same lettoer(s) within the same column
and treetment are not significently different ot 54 lovcl of
probebility according to the new Duncen's Multiple Renge Tust.
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However, spplication of nitrogen fertilizer at the rate of
60 and SO0 kg/ha tended to increase panicle yield slightly
relaetive tc the panicle vields produced when fertilizer
was applicd at 30 kg N/ha or the unfertilized control

(Table 4.2).

be1e0 Grein weight per plont

The effect of nitrogen application cn thi grein
weight per plant of sorghum weas not significant in the

present study.

Flent populetion had no significent effect on this
parseater when plent population was increased from 34 COC
plants/ha through 66 Q00 plants/ha. Grain weight per plont
decreased as plant populction was increnscd. Floant
porulation of 34 000 plants/he produced a higher yicld Sher
the othsr two plant pepulaticn lecvelse The magnitucdoes of
decrease in this paramctﬁz fdue to increcesing plont
populntion were 25.5 and /.1per cent when plant pnpulciion

was increosed from 34 OCO tec 50 00O plants/ha and from

50 000 to A6 000 plents/ha, respoctivelye

'e1e9 Tegt UDight

Nelther nitrogen applicotion nox plant population
lad significant crifcm® on test weight of grain sorghum.
‘esplte the increases in tho rote o7 nitrogen epplinrntion

. othe present study, test welght o7 sozgbum someined
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virtually unchanged.

Thers were also ho differences amongst the j2lant
Ipnpulatinn levels with respect to their effects on this
paremetar., f+lant population of 66 DGO plants/ha scemed

to produce e slightly higher test welght than either 50 U0

or 34 000 plants/ha, (Table 4.3).

4.1.10 Threshing percentage

Neither the effect of nitrogen application nor that
of plant population was significant on threshing percentayu.
Hovever, threshing percentage in sorghum tended to decrease
es plant population was incressed from 34 OG0 to 66 OO0
rlants/ha.  The highest threshing percentege of 75 per cent
wes pbserved with z populsetion of 34 000 plants/ha while the

louwest threshing percentage was observed with 66 OGC plants/hn,

(Teble 4.3).

4e1.11 Harvest index

There were no significant differences among the
vaorious rates of nitrogen application or plant population
lovels In terms of their effects on harvest index of

stirghum,

Although there were no slgnificant differconces among
the plant population levels, increased plant population
geegms to have caused some decresse im the harvest index.

The lowest population of 34 000 plants/ha gave the highest
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harvest index compared with the other two plant

populations (Table b4.3).
L,1.12 Grain: stover ratioc

Increasing nitrogen rete as well as  plant
population did mot significantly affect greinistover rrtic.
However, there was a slight tendency for grain: stover rosic
to decresse when plant populotion wes inerensed from 34 |
to 50 00C plants/ha. Also, when nitrogen rate wes incrorocidl

to 60 or 90 kg N/ha, grain:stover ratio seemed to Incrocoso.

4,2 Effect of Nitrogen Rote mnd Flant

Populmtion on Growth Cherncteristics

of grain Sorghum

L.2.1 Stand count

Table 4.4 shows the effect of nitrogen and plant
population on the stand count of sorghum. Significont
differences in stand count were nbscrved among nitrogen
rotes. Rates of 90 and 120 kg N/ha gave higher stond!
counts than did 8ther rates. A lower stand count wno

observed with 30 kg N/ha.

Incrensing the plant population incresscd stend
count per unit arco. Plant population of 66 000 pl-nte/ho
geve a significantly higher stond count than either 34 000
or 50 000 plants/ha. The lowest stand count wes nhsorvet!

with a plont populetion of 34 COO ploants/ha. Thc iovals of
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Table &4.4: The effect of nitrogon and plant population an

stand umunt ner net plot ot barvest, stuom
qiametar. number of intornodes and laont heicht
of sorghum hybrid S4MSORG 31 gt Semorw, 1005,

ot
No. stands S5tem dia= No. inter- Plant
Treetment .. per net plot meter (cm) nodes pur heaahd
“ nlont (cm)
Nitrugen rate
(kg/ha)
1] , 114 .9ab 3el0a 21«40 24, Bu
30 : ' 111.5a 3.0 20.0a 2h 0
a0 - 114 .5ab 3.50a 21e10 2L .00
90 121,3h 3.370 21.1a  24G.0e
120 120.6b 3.37a 21.50 242,10
sed | " 3.93 0007 Do5h a2l
Plant population
{plants/ha)
34 000 _ 50,0n 3.57n 2798 264 400
- 50 000 _::. 122,60 3.39g 21.00 2hiiin
66 000 13712 30322 20,60 2k6.7a
seX 3.04 C.067 0,42 3425
Mean | 116,56 3,426 21,10 245.11

Means followed by the seme letter(s) within the some column
and treatment are not significantly different st 5% lovel of
nrobability according tc the new Dumcan's Multiple Ramaon Tust.
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increase ﬁue1ts plent populetion were 36 and 12 per cent
dy un
when plant population wes increased from 34 CCO to 50 OGO

and from 50 000 tc 66 CUC plents/ha, respectively,

Le2es2 SBtem diameter

Nitrooen application and increasing plent population
Uid not affect stem diameter significantlv. However, stem
diameter decreased slightly with increasing plent population
(Teble G4.b4).

Le243 Number of internodes per plant

The effect of nitrogen and plant populetion an
number of interncdes was not significant. AHll the levels of
nitrogen procduced virtuslly the same number of internodes.
The seme was true in the case of plant population effects on

this parameter.

Le2s4 Flant helght

t lant height was affected by neither nitrogen
epplication nor by plant population in the present study.
Flant population of 66 COO plant/he however, gave the
tallest plants, although it wes not significently

different from the nthers.

be2.5 Flag leaf aorea

There were significant differences in fleg leaf

crea emong the different rates of nitrogen application.
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Applicaticn of 50 kg N/ha produced a significantly larger
flog lenf area then the 30 kg N/ha rete. The flag leaf oria

at U, 30, 60 and 120 kg N/ha were similar statisticnlly
(Table 4.5).

Increasing plant population resulted in roduction in
flag leaf area. Flent population at the level of 34 000
plents/ha produced the largost flag leaf arca whilo the
smallest flag leaf ares was obtoined at a plant populotion
level of 66 000 plents/ha. Flag leef arco was reduced hy o
magnitude of about O per cent when plant populetion wog

increzsed from 34 000D to 66 0OC plants/ha (Tablc L.5).

4L,2,6 Number of leaves per plant

Number of leaves per plont was slightly affected Dy
nitrogen epplicetion. There wes e merginel significont
reduction in the number of leaves per plant when nitrooon
rate was incressed from D to 30 kg N/has However, furthow
increases in the rate of nitrogen to 120 kg N/ha had nn

significant effect on this variaebla.

Increasing the plant populetion from 34 0DO to 66 OUD
plonts/ha had no significant effect on the number of lonves

per plant (Teble 4.5).

Le2.7 Totnol lesf aree per plant and leof arca index

The affect of nitrogen application on leaf aren

per plant was not significont in the present study.
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Table 4.,5: The effect of nitrogen and plant population on

flag-leaf aren ot 10 WAP, number of lenves of
16 WAF, leaf arec per plant at 15 WAP ond lcof
arca index of sorghum hybrid SAMSORG 31 at
Samard, 1905.

Flag~leaf No. leoves Leef arca Leef oxon
Treetment arce (sge.cm) per plant per plent inciex
10 WAP 16 WAP (5q. cm)
" 15 WAPE .
Nitrogen rate
(kg/ha)
0 140 48ab 20.2h 104.60 4,320
30 142.70 19«40 103.3e be170
60 152.90b 19.9ab 105.20 4 210!
80 16"!.!“3 19.0ab 97.58 f'f.E."il‘.
120 155.5ab 19,9ab 93.0a heR1ch
SEX 6490 0,40 5e1 o242
Plent populotion
(plants/hn)
34 000 150.2b }e20 110.2b 3. GAn
50 000 154 ,1ab 19.60 92,78 4 {3b
66 000 146422 19.70 99,78 M‘LC
SEd 5o 4() Ue37 bol 0.164
Mean 152,05 19.04 100.9 lhe 333

WAF = Weeks oftcr plenting

Means followcd by the same letter(s) within the some column
and trecatment arc not significantly different at 5% lovel of
probability sccording to the new Duncen's Multiple 3on o Toot.
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However, slight differences were observed in leaf oruo index

(Table f+.5) .

The effect of plent population on tho totol leof aron
wag significant. The total leaf aren at a plont papulction
level of 34 OGC plents/ha was found to be significantly
lovger than at 50 CQGC or 66 Q0OC plenta/ha. A 16 per cunt
reducticn in totel leaf arca per plant was obscrvod by
increasing the plant population from 34 000 to 50 GO0
plante/ha. The leaf srea index et 50 LU0 or 66 CLO plonts/
ba was significantly grezater than at 34 0OC plants/ba. |
A 26 per cent decresse in LAI was obscrved betweoen the |

lowest and the higheat plant populstion laevels.

L,2,0 Leof dry wcight

Nitrogen application did not have any significaont
effect on sarghum leaf dry weight at 12, 14 or 16 weoks
after planting. There was however e tendency for thig
variable to be increasscd by hlgher rates of nitrogon

applicastion.

Increesing plant populetion coused leaf dry weight poewx
plant at 12 weeks after planting to declinme significontly.
Leaf dry weight decreased by 9 and 11 per coent with
increase in plant population feom 34 COC to S0 OGC and

66 000 plants/ha, respectively (Table h.6).

At 14 weeks after planting, leaf dry weight was






