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ABSTRACT

A field experiment was conducted during the wet season of
1985 on the Institute for Agricultural Research Farm at Samaru,
Zaria, to study the effect of rate, time, and method of nitrogen

application on the performance of grain sorghum (Sorghum bicolor

L. Moench) hybrid SSH5 (Samsorg 31) and to also evaluate the
nitrogen fertilizer Use that would result in improvement of it's

performancee

Nitrogen fertilization in sorghum significantly increased
plant height, stem diameter, number of internodes per plant and
total number of leaves per plant but reduced the number of days
to 50 per cent flowering. Yield parameters and yield components
that were increased by nitrogen application include grain yield,
stover yield, weight of grains per panicle, 1000-grain weight,
panicle length, number of primary branches in panicle, threshing
percentage, total dry matter production, grain protein yield,
and number of functional leaves at 14 and 16 weeks after; sowing
(WAS). However, nitrogen application had no significant effect
on number of plants per square metre, number of panicles per
square metre, weight per panicle, grain number per panicle,
total length of ear, grain; stover ratio, harvest index,
number of days to hard dough stage, number of days to grain
filling, number of functional (green) leaves at 10, 1?, and 18
WAS and total nitrogen and crude protein content of grains due
to the moderate initial nitrogen status of the soil of the
experimental site. Application of 120 kg N/ha resulted in

significantly higher yields than did the application of 30 kg N/ha


http://th.lt

Viii
"but not that of 60 kg N ha with respect to grain and stover

yields in sorghum

Met hod of nitrogen application had no significant effect-
on all plant growth paraneters, yield and yield attributes
consi dered but the broadcast method of nitrogen application
appeared to be slightly superior to that of the groove method
of application. This may be attributed to uniform application
of fertilizer which resulted in efficient utilization of nitrogen

by the crop.

Wth timing of nitrogen application on sorghum significant
ef fect was observed with respect to nunber of days to hard dough
stage, stover yield, panicle length, total |length of ear, nunber
of prinmary branches in panicle, total dry natter production, and
panicl e dry wei ght per plant at physiol ogical maturity, but no
significant effect was observed on other growh, yield and yield
conponents considered in this study. Application of nitrogen
intw equal splits at three and ei ght weeks after Bow ng was

however, beneficial in terns of grain yield.

For the attainment of high grain yield inserghumhybrid
SSH5, up to 60 kg N ha should be broadcasted and split applied,
hal f dose at three weeks and rerai ning hal f at eight weeks

after sow ng.
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Chapter 1

NTRODUCTION

Grain sorghum (Sogg‘h\m bieolor L. lioench) is claasified
under the tribe Andropoeonene, of the Graminee family, and
probably originated in tropical Africa, soecificallr in the
North-Jast cuadrant, where the greatest variability in both the
wild and cultivated forma exists (Purseslove, 1972). Doggett
(1970) beliocved that the arep was first domesticated in Lthiopia
4,000 - 3,000 B,0, and reached Wesmt Africa at an early date
across the Sudan to the wpper pert of the MNiger river, In
Nigeria, the greateat diversity gocuras ir the North-East towards

Leko Chad (Curtis, 1966),

Sorghum ("guinea corn®) is grown as a staple food crop in
most parts of northorn Nigeria, where it is extensively cul tivated,
1t was prodneced on about 5,3 million hectarcs in 1973 but irereascd
to an estimoted land arca of 6,0 million hectares in 1984, when
it oceupied about 44 per eent of the total hectarage devoted to
growing of cereal oreps, As much as abgut 96 per cent of the
area rut under sorghum eultivation vas in the savanna ecological
zone of Nigeria, Annual »roduction of sorghum in 1973 was about
3,0 million tonnes (®,A,0,, 1976), whick resched 2 peak of 3.9
million tonnes in 1984 (F.A.0., 1984), accounting fdr sbout 38

per cent of the tetal cereal production in the country.
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Although total annusl produetion of sorghum is
experiencing an upward trend, this ean be primarily attributed
te increasing total hectarege put to sorghum rather than from
and increase in yield per unit area accomplished through the
adoption of improved teghnology. Average yield of local
varieties under traditional farmers' practice is about 643
kg/ha (F.4.0., 1984) while the yield potential of sorghum under
improved crop management practice is about 3,5 to 4.5 tonnes per
Kectare (Kassam et al,, 1976), Yields of 8,5 to 10.0 tonnes
per hectare have bdeen recorded with commercial hybrids elsewhere
(Pickett and Oswalt, 1971). Similarly yiclds of up to 14 tonnes

por hectare have boen reported by Goldsworthy (1970).

Sorghum, unlike other cercals, is adapted to a wide
range of ccological conditions, It grows well on heavy soils,
even when subjected to temporary water-logging and also performs
well on light sandy soils (Kramer and Ross, 1970) but is
preferably grown on well-drained fertile loams, with & pil rtrnge
of 5.0 to 8.5, Although sorghm can be grown in arcas with
rainfall as low as 400mm per annum, it t rives best in places
where annual rainfall renges between 650 and 1250mm. Leaky
and Wills (1977) reported that scrious losses in yield have
been associated with water deficit oceurring duriné anthosis.
Optimum temperature requirement for sorghum growth is in the
neighbourhood of 27°¢, with higher temporaturos being

tolerated but it does not grow at temperatures below 16°C,



Orly recently did the Institute for Agricul tural Rescarch,
Ahmadu Bello University, Samaru, Zarias, and the National Seesd
Servieco developod Nigeria's first grain sorghum hybride, three
of which, namely, SSH2 (Somsorg 28), S84 (Samsorg 30), and
S9N% (Semsorg %4), have a common male paront, Var, SE~5912
(Samsorg 17). Al though those hybrids are vet 10 be widely
grown by Nigerian famers, the potential for hybrid sorghum
production is nevertheless voery high, Among the hybrids so far
developed, S5 (Samsorg 31) hos beon found to be one of the
most high yielding (Ogunlela, 1%3). However, information on
the roapongivencas of this and eother hybrids to nitrogen
fortilization in the savanna ig 3till vory muech lacking. It
iz in the light of the forecgoing that the nresont study v <

undertalien with the following ob jeetives:

1. Tn gtudy the effact of nitroren applied'at various

rates on grain sorghum yield and yicld conmvionents.

2. To study the effeéé Qf.time, méthod of nitrogen
_hfcrtilizer application and their intoraction on the
sorformance of grair sorghunm,

T To noscos the improvement in nitrogen fortilizer use “y
erain sorghun thot is likely 4o be brought about by the
bettor fortilizer placcmont and anproprinte timing of
&yplication.

o



Chaptor 2

LITT E RWVI

2.1, Effect of N Growvth, Vield o

Jicld Components of Gxain Sopshun

Mitrogen apnlication has a remerkeble effcet on plant
grovth and development end on yield and yicld components of grain
sorghun, fitrogen hus been described as 2 unajor autrient likely
to generally bring about inercascd grr:.in rield in sorghum
(Gontor_g_t_nl., 1956). Curtis ('.965)' using anmonium sulphate
as a gource of nitrogen, obtained sorghum yicld increascs of 11,8
and 15,4 per cent from the appliention of 68 end 122 kg N/ha.

The offect of nitrogen fortilization, howover, bocomes ore
pronounced with application of phosphorus nnd/or potassiun thns
with the application of nitrogen alono. Highest grain yiolds

have been obtained with 50 kg ¥ and 50 kg on,). on sorghum ociit’-iuss
given corbinations of 25 - 75 kg N, O - 50 kg P205 and 0=-50 kg
Kzo/ha compared to viclds obtained from apnlying S0 kg U7 /h+ alon.
(Nagre and Sahasrabuddhe. 1977), Goldsworthy (1970) alsy o=~
that the annlicntion of n combination of 120 Xz /ha and 80 kg
onsfha as fertilizer dressing produccd ns high as 4,000.5.000

kg/ha grain rield in sorghun in northern ¥igeria,

hecording to Brady (1974), nitrogon nids in the
utilization of phosphorus and poirssiun from the soil,

ipplication of phosphorus (Dahatonde nnd ichaoo, 1978; Ovenyn,



1979} or motash (Nasre end Sahasrabuddlm, 1977+ Balasundnran
and Rumulu, {1980) alone has been shown to hnve had no
gignificant effect on grain yield of sorghvm, #lso, applicction
of both phosphorus and potash 4id not increase serghunm yiclds
significantly (Tatwawndi and Choudhari, 19703 Bothkal gt al.,

1971) but in combinntions with nitrogen, signifieant yield

inercases rosulted (Gahlot et al., 1979), Nitrogen,

phoéphorus and p.o;:a.s.}; i';avé bean reported teo account for 41.7,

30,7 and 33,4 per cent respectively of the variations in grain
yield (411 ot al., 1980), whilec rosponsca of sorghun cul tivars

t0 various combinations of nitrogen, phosihorus and patash havae
been roported to doerease in the trecabicnt order of NFXIm N> [TT.-

W (411 and Salih, 19723 Gahlot gf i, 1979).

Since observations from field ev._nérimcnfs mve ghown
' that fbe acoumalntion of nitrogen and vhesnhorus incrensod
almost linsarlvy until matvrity while potassiun actummlation ves.
riore ropid in the early stages of plant erovwth {(Ray and
Wright, 1974), the nost widely adopted prictice is the
application of nhosnhorus and potassiun boforc sowing so 28 to
nromate root development nand good stand cstablisbment in

early crop life (Ogunlela and Egharevba, 1981),

2.1.1. Sffect of nitrogen on sorghum reot srouth

and devoloppent

e

Orly linited information is available on the ¢ffget of

nitrogen fertilization on root growth and developmont in thoe

L
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s_orghum pleat, - Root growth and development ccdur umostly in the firsi
half of the growth covcle (Mvors, 1680} whrilst maxirm root activity
ocours in the top 1% om of the soil profile and within 20 om

radius of the viant {(Lavv and Fostin, 1359), Root growth has boen
reported to consistently ineresse, evpecinlly in the early growth
gtagez of sorzhws plant with applicntion of nitrogen fertilincr,
Moot of the roots of sorghum plants supplicd with nifrogen are foohd
within the top horizon of the s0il but roct growth has been

ahserved to econgistently increase with dunth down o 130 o,
especinlly in tho post~flowering stnges (Harsi und Wright, 19'73&),
while root developrnent reaches o maximaw at 44 days after scedling
emergonce (Myers, 1980), Maxinum root depth nttained by both the
fibrous prinmary and secondary rpot systens in sorghum was 182 on
with a latoral spread of 90em (Miller, 1966) but in isolated

sorghum plants lateral spresd nav reash 240 cm (Lavy and Tastin,
1969}, With mineral absorption, activity is rarelv found bHelow

90em but arpreciable water absorption by the roots cceurs st depths

of up to 180cm (fillex. 1966),

Myers (1980) found tha® when the root mass of sorghunm
was measured through the seil profile to a depth of 150 em,
about 53-65 per cent of the mess was located in the O-10cn
layer, 76-79 per cont in the 0-20en layeor and 86-87 per cont
in the O-40¢m layer, Corrcsponding ficures for roct length were

42, 60-63 and T7-78 per cont respmctivaly..




2.1.2, Effect of nitrogen on sorghum shoot growth
and development

Nitrogen applieaticn enhances plant growth and
development in cereals, This nutrient increases growth of
tops (shoot) without markedly affecting root growth (lyers,
1980). Sadar et al. (1976) working with sorghum cultivax
'Continental 2201' given a basal dressing of “0 kg P205 arl ¥
kg K20 per hectare observed that increasing nitrog-n le .~
from 10 to 70 kg/ha increased plant height from 102¢m in th-
control to between 122 and 120 cm. The length of stem to the
first rachis of the panicle also increased frow 10.5cm to
between 13.8 and 15,7¢m, Veeranna and Patil {1978) also
cbserved similar inereases in plant height with the application
of nitrogen. However, Gaya :1975) observed no significant
effect of applied nitrogen on plant height in sorghum in a

study he conducted in Nebraska, United States.

Nitrogen application has alsc been reported to result
in thickers stems, longer peduncles, more leaves per plant
(Krishnamurthy et al,, 1975) and increased panicle lenxth
(Faripiakasrao, 1978; Veeramna and Patil, 1978). Roy and
Wright (1973) observed that although application of phosp.o-v:
and nitregen produced longer panicles in sorghum, it had n-
effect on the numbers of primary panicle branthea and-cZ:
whorls per panicle, Nyers (1978) observed no sismificant
effect on head rmumber with application of nitrogen but grao-

rumber per head and individual grain weight were increas ¢
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Titrogen and phosphorus fertilizatioﬁ of sorghum Fayours
fazter ear emergence (3rivagtava and Singh, 1971; Krishnamurthy
et al., 1975), PFlowering iz delayed in the scrghum plant not
given nitrogen (Sotomaynr»Rios and Lugo-Lopez, 1978) shile the
supply of this mutrient accelerated flowering and naturaticn
(Shukla and Seth 1976: Haripiakasrao, 19?8). Uhile the
application of nitrogen vas said to have reduced the number of
days to 50 ver ecent flovering (Verrateswariu ot al., 1977y
Boon~Ampol at al., 1980), it increazed the rumhor of days
hetwoen flowering and maturation in grain sorghun (Venkateavaris

et al., 1977).

2,4.3, Dffoct of nitrogen on sormhum srain yield

Sorghun cultivars vary in ihéir regponse t0 nitrogen
application levels with respect to srain yizld and fota) "~y
mnatter production (Gupta and Gupta, 1975). fpplieation of
nitrogon has heen reported to incrose grain and fodlder yields
) {Joshi and Upadhyay, 1977). Ozunlela {198%) worlking with
three groin sorchun hybrids derived 'from o cormon male parent
(var, 5K - %012} observed up %o 74 per ecent inerease ingrain ylu
with therapplication of a fertilizer dresning of 66 kg 7 yad
22 Yo P205 rar hectare rclative to the ynferlized control,
Some Tesearchers bhave reported almost linesr increases in
gorghum grain yvicld with the appliention of nitrogen
(Haripiskasreo, 1978 Balasundaram and Rumdu, 19304
Tscasinas gt al., 1981) while some others oboerved a lac
of response in vields with nitrogen ratcs ahove a siver

optimnm requirement (Gupta and Gunta, 1976; Fullarni ef ul..
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1978). Thore have also been sone instanccs in which no
significant yiold increases were obtained (Sader gt al. 1976).
Sotonayor—-Riocs rnd Lugo-Lopez (1978) havinz applied nitrogen
rates varying from 56 to 280 kg 1/ha orn zrain sorghum obtained
gignificont inerease in groin yield with the application of the
first rate of nitrozen, but higher rates gnve no further

inerease in vield,

2.1.4, ELf of nitro n 8 hum drv matter production

Although arplication of nitrogon ot inercasing rates did
not preduce differences in sorghvnm plant grovth and development
(Galbiatti et al,, 197'?), anonggt the nacronutrient eleuan ts,
nitrogen is the noat effective in inecressing dry natter
production in all parts of the plant and at =all stares of growth,
followed by phosphorus, while potasgiunm gignificantly inercascd
it only in the panicle and grain (Pownr sad tiarkhede, 1981),
Naphade and Choudhary (1976) working with sorghun hybwid PSI-2
observed that application of nitrogen in different froms not only
inercasced the dry natter production of sorziun nt 2ll mrowth
stages but also the grain and stover viclds, Roy nand "right
(1973) obtained highest dry matter viclds of whole sorzhun
plants with the application of 120 kg ¥ and 26 kg ongfhn

fertilizer dressing,

Applieation of nitrogen has been rerorted to increane
nitrogen concintrations af sor~hun plant perts (ivera. 1978),
Sotoneyor-Rigg and Lugo-Lopex (1978) obaerved an increase in

the nitrogen content of sorghnn leaves with the aphlicotion of
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nitrogen, Hovever, Gupta and Gupta (1976) in an experiment
using two sorshunm cul tivars noted that the dry aatter conient
of stems inereased with age up to three months while the
nitrozen content of leaves and stemg decrcased with age, bLui

leaf dry ratter content inercased only up to two months o age.

2.1.5¢ 3ffcct of nitrozon on chaeniecnl composition of

orghun ai

There existas a positivo and highly siznificant
correlation between rates of applied nitrogen and crude
protein content in sorghun (Armero and Brarbila, 1977).
Campbell and Pickett (1968) roported that nct cnly grain ,.>"d bt
also srain protein content incrensed with incroasc in nitrogen
application rates, Mirhadi gt gl. (1979) raising songhun
planta on a mrtrieont solntion ¢bscrved that by increasire
nitrogen concentration in the nutrient solution from 17,5 to
220 ppm, crude protein content of grain was increased fron
10,3 to 14.6 per cent, Nitrogen application hag also been
found to inerease grain nitrogen content in maize (Zea mays i.)

(Deckard et al., 1973), and in wheat (Triticum gestivun I.)

(Croy and dagenan, 19703 Batey and Reyniah, 1976),

¥ihon nitrogen is supplied in anounts that are adegquete
for vegetative growth but inadeguate durinz grain fornnt on.
rield. is very little affected but protein content ¢f gra'n
is reduced, especially the protein eontent of the endosvem
(Kramer and Ross, 1970), Veoranmna and Pntil (1978) repor ol
that nitrogen application inerecased nitrogun uptake Wd grin

nitrogen content, Wagele gt al. (1967) ohaerved thr¢ no ‘e
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level of nitrogen fertilizer was increased, levels of crude
protein and seventeen mutritionally essential anino acids
increased significentlv, Mirhadi et s). (1979) found that
é"ll’xmfgh the percentage of crude protein in grains incrensed
remarkable with inercasing nitrogen appliection, cther components
auech 23 erude fat, wore little alfeeted. Pictett and Oswalt
(1971) observed ineresse in the protein contont of several
camercial sorghum hybrida from 9.1 to 12,6 per cent with
incronsing nitrogen applieation rate, HRai (1965) in a study
on rainfed sorghum and maize observed thal applied nitmpgen
inercased crude protein content in grain and straw of both
orops, Nitrogen appliceation has also boen reported to increcse
crude protein and ssh cortents of sorghum grajn but reduced

the grain starch content (Dechev, 1773),

2.2, Effect of Time and Method of MNitrozen
Application on Yicld and Yigld Components

of Groin Sorghum

2.2.1. Lffect of time of application on grain sorghumn:
response to nitrogen ferfilization

Tine of nitrogen appliention on sorzhun hos beeon
rcported to significantly influcnce seain 40ld (Anonynous
1975). RKulkarni ot ol (1978) found tlat appliention o” 40
ke N/ha at sowing inereased ~zrain yield by 34 por cent compared
with the unfortilised control, Srivnstova and Singh (1971)
wsing 100 kg N/ha rocommended an apvliection of 10-15 kg N /Ma %

sowing nnd the remaining 85-90 kg NW/ha nt 20-30 days lator,
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during the grand growth stage.

Doughton (1971) obser¥ed ma difference in grain yield
of sorghum when nitrogen was applied at or just prior to
planting and when applied 20 days after planting, OUptimum time
of application after sowing was 20-21 days while a yield
reduction of 15 per eent was obscrved when nitrcgen was applied

10 days earlier or later than the optimm time,

Ogunlela and Egharevba (1981) found that when nitrogen
fertilizer was applied to two early maturing scrghum at L, 6,
8, and 10 weeks after sowing, 10 - 15 per cent increase in yield
resulted from applieation at 8 weeks after sowing, Similar
resulis were obtained by Jones (1973) on maize at Samarm,
where the applieation of 22 kg of nitrocien ver hectare at
both seedbed and side dressing at 7 weeks produced a srain
yield that was 10 per cent higher. Maximum grain yield wecs
obtained with the applieation of 72 kx i/ha at 20 days after
germination while for the most efficient use of nitrogen
application of LO kg nitwogen per hectare at 20 days after

germination was suggested by Doggett (1970),

2.2.2, Effeet of mgthod of application on grain

Sorghum response fo nitrogen fertilization

oplit appligation of mitrogen dme lfkaly to be more
beneficial to sorghum than a single application owing to the
long duration of gprowth, although no one method of fertilizer
application has beem found to te superior over the cther | izharevbs.
1979), Doughton (1971) reported that provided sorghum §& row—
spaced at 36cm, there were little differences in grain yields for

the different methods of fertilizer applicaticn.




13

Dognett (1970) Stated that there is often an advantage
accruing from splitting fertilizer drossing and applying at
scedbed preparation and as top dressing one to two weeks bofore
floral initistion, Turkhede and Prasad (1978) found that yields
were higher when nitrogen wes appliod in two split dressings,
both at sowing and as top dressing than when applied in 2 single
dressing or in threo split dressings, Singh ot od. (1971)
ocbeserved no aignifiennt diffcrences in yicld between single and
split npplications of nitrogen at rates of 40 kg and 80 kg N/ha
but single avpliention proved botter at rates exzeceding 80 kg Y/ha,
Balasundaran snd Rumulu (1980) usin~ wates in the ranse of 0-200
kz ¥/ha with basal nppliention of phosphnte nnd potash observed
sipnificant inerecasc in grain yield with anpliention of nitrogon

half at sowing time and the remainder 30 daws later,

Higher grain yields have been obtnined with brondcnst
amlicntion of nitrogen after crervence of szedlings thon ei ther
an onrlier broasdcast of nitrogen or sppliecrtion of nitrozen with
the seed (Myers, 1978), Myers (1979) in n study on nitromen
uptake in dryland grain sorghum in the Morthern Territory of
Australia, observed that grain yiecld and nitrogen uptoke inerensed

in the order of bandy® mixedy split applicnticon of nitrozen.

Nitrogen uptake by sorghun crop was higher with nitrogen
placed 10 cn deep in the soil and the remainder appliced as foliar
spray than when applied as broadcast (5ingh ~mi Prasad,1975).
Singh (1976) obsorved increase in yicld of serghin and nillet

(Pennisctun amcricanum) with 20-80 kg/ha of IPK fortilizor

drilled 10cm into the furrow than when applicd Sy brondenst

nethodl, Umarni it__gl_. (19?8) notcd that yiclds vere slighfly igh
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with nitrogen placed 10 cn doop and Scem away from the seodbed

at sowing than when applicd in four gplit dresaings both at sowing

time ond as threes foliar sprays. Accerding to Dog and Subbiah
(1975) placonent of nitrogen in the form of armoniun sulphato
fortilizer at 15cn depth wos more effective in increasing
sorghun yiclds, by ensuring nore eofficieont vtilization of applied

nitrogen than eitler of 7,5 and 22,5¢h Aéhths.

et .

Crude protein content of grain is usu.ally his;'l"er IWi.;th
gplit applications of nitrogen than with a single aprlication
{(sotomavor-Rios a.ii Lugo-Ibren, 1998), vhile nitrcren |
applicntion later in the season hos been found to mive grester
accumulation of grain protein than an earlier applicntion (Warsi
and Yright, 1973b). | |

« l'_.j,.

2.5, Bptimuy Rate of Hitromon Fortilizer for

Grain Sorshun

e e el P

Abundant information exizt in the literaturc with lzl'egard to
tﬁe ofatimm ratc of nitrogen fertllization for grain sorghum buk
these are o8 varied as are sources of informntion, Wullarsi
et al. (1977) reported an optimum rate of 25 kg N plus (5
ke PEOS/ha for sorghum, Hiremath gt at. (1977) gave the optirum
rate o3 40 kg N, 40 kg PO, plus 20 kg K20/ha. Sotomaynr Rinsg
and Lugo-Lopez (1978) reported that near mexinum yield wae
“1tnined with the arplication of nitrogen fertilizer at 56 kg
N/ha. Gakiot gt al. (1979) ocbserved that applieation of 60 kg
N, 30 kg P

end 30 kg X .0 per hectara to sorghunt crop .roun ung 2

s >
roined conditions gave the highest yields hut yislds fron tim
application of 40 kg W and 20 kg P205/.h:-3. yere similnr to thooe

cbtained from 60 ke N/ha, 2341 et al, (1930) suggestod an cpline
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fertilizer dressing of 76 kg N, 33 kg P,0; and 50 Kzo/ha for

grain sorghum,

According to Bhalerao gt zl. (1979) not more than 80
kg W/ha should be aprlied to sorghum erop grown under rainfod
conditions, Krishnamurthy ct al. (1975) noted that although
yield increascd with nitrogen rates up to 120 kg N/ha, the
optimun rate for sorghun was 100 kg ¥/ha, Powar et 21, (1977),
obtained an optimum nitrogen rate of 135 kg N/ha for this crop

in India,

Highest grain yield was obtained from sorghum hybrid
C3H~1 with the application of fertilizer dressing consisting
of 120 kg N, 120 kg ?205,
region of India (Gill nnd Abichandani, 1976), Maximm grain

and 60 K?p/ha in the Bundelkhand

vicld was however obtained with the applicetion of 150 ..z “/ha
in various parts of India under rainfod conditions (Joshi nnd
Upadhyay, 19773 Singh and Singh, 1978y Srivastava and Singh,
1980)

Optimum rate of nitrogen applicztion for sole crop sorghun
in the Nigorian savanna was found to be 64 ki NW/ha (Sinzh et al..
1983) and 160 kz P_i/ha for improved United Stntes varieties
(Anonymous, 19?0). Recommendations of nitrogen fertilizer for
grain sorghum ere usually sufficient to supply 56 kg H/ha.
depending on the type of fertilizer used (Doughton, 1971),

Bizgher lovels of nitrogen fertilizer sbove the optimun requireient
generally depresses sorghum yield, particularly in the cas: of

longz durntion cul tivars,
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2.4, Cultivar Effect on Sorshum: Response
42 Nitrosen Fertilization

Hvhrids of sorghum and pearl millet generally show
zreater linear resnonses to nitro-gen fortilization than do
tho local varieties (Murty, 1967) Sinzificant yield
differences anongst sorgbun variotics have been reported by
Bhalerao gt g1, (1977). Seshadri and Teicr (1972) working with
four gorghun hybrids and two loenl varictios obscrved highest
grain yieclds with the hybrids, S3inilar results were observed
by Krishnanurthy gt al. (19’?5) using three sorghun oxltivars
given 60-180 kg N/ha, where sorghun hybrid CZH-1 and a high yielding
cul timar (Swarna) out-yielded tha locnl variety by 39 and 35

per cent rospectively.

Sorghum cultivars also vary narkedly in their indiviiual
nitrogen requirenents. Singh gt al. (1971) yorking with three
sorghum varicties and up to 200 kg 1/ha obscrved mazimum grain
yield with the application of 140 g ¥/ha but the nost cconomic
level ranged from 112.3 to 114.9 Vg /ha depending on the variety.
Mishra and Singh (1978) in a trial involving the use of #i»
sorghun cultibars (CIH~1 and Mau T-1) ziven nitrozen rag: %
from O to 160 kg N and phosphorus from O to 40 kg T 205/ha
observed the highest grain vield with the avplieation o’ a
combination of 120 kg W and 40 kg on,j/hn on CSH~-1 while 1:th
Mnau T-1, the application of 80 kz N and 40 kg P205/ha zrvo the
higheat yicld, Veoranna and Patil (1978) nlso reported a
ginilar result ug ng sorghun genotwpes sunplied with 0-20C

ki ¥/ha and a basal dresaing of 50 kg P ?05 and 50 ke i‘.ZO/‘*.:‘.,
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vhere hizhest grain viclds were obtoined in sorghum hybrids
CSH-2 with application of 200 kn !!/‘.'~a; uith the application of
150 ¥z N/ha to sorghum hybrid C5H-1¢ ard finallvy , in the case
of both cultivars Syarna and C 2=3-1 high grrin yiclds vere

obtained with the application of 100 Iy 7/he,

Response of sorghun cultivars to ailtrcogen applienticn is
highly dependont on the seasons (lyers, 1978), Burkhodo and
Progad (1978), working with sorghun hybrid CSH-1 to which was
applicd nitrogen rates verying fran O to 150 kg N/ha,
obtained the highest grain yield with the application of 150
kz N/ha in 1969 but in 1970, highest grain yicld wos obinimed
with 100 kg H/ha. Sinilar work by Sathzrl ot al. (1971) vsing
fortilizer rntes of 50, 100, and 150 kg T/ha applisd to the seno
sorghun hybrid showed significnnt yield incrcases in the first
year with both 100 and 150 kg N/ha over the 50 'z I rnte but only
the application of 150 kg N/ha rete significantly imcrensed grain
vield in the second year, Gangasaran and Prased (1979)in ,
study on irrigated sorghum obtained an optimumnitrogen rate of
84 kz U/ha in 1969 with a yield remonse of 6.44 'z rrain/tp
but in thc follewing vear the optimum nitrogen rate was 130.7
%z N/ha with a response of 13,64 kg srain/z I', Conversely,
Sheshadri and Peter (1972) working with six sorghun cultivers
to which nitrogen rates in the ronge of 0 to 200 kg N/l wore
applied observed significant grain yield rcoponse to tho
application of 50 kg N/ha in 1971 but ohscrved no responsc to
applicd nitrogen tho fdllowing year, Ogunlela -pi Tgharevbae
(1981) algo noted that response to nitromen appliention by
gsorgchun crop in the savanna zone of Nigeria was a function of

both loention.nnd year,
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Chapter 3

MATERTALS AND METHODS

2.1, Experinontal Site

A Ticld experinent was conducted during the wet scnason
of 1985 at the Institute for Azricul turcl Rescnrch Pam,
Sanaru (119115, 07°38'E; 686m above sce lovel), Yalwan Stato,

situnted in tho northern Guinea savanna zonc of Nigeria,

Samru has o long=-torn averare annunl rainfall of 1054mm.
occuring cssentially during the months of Mny - Octobor, amd o
nean monthly tenperature range of 20 - "5000. Rainfall date for
Sanaru raocorded by the Metecorological Tnit of the Imtitmte for
Azricul tural Research during 1985 erorring scason are presontod

in Appendix Tahle A, 1.

The experimantal site had been left fallow for a mmber of
yvears before it was crorped with soysbeans the preceding renv
(1984). The soil is roderately deep, well-droined and lenchad
classificd as fTerruginous tropienl sandy lonnn, Seil sammles wors
aygerad rondonly from the experinental crca ot a O - 20c1 fopth.
bulked and the composite sanmple aaalised for ftts chemierl
chemical characteristics. Organic carbon contont was doternined
by the Yalkley-Black method and total nitrogen by Kjeldhol
distillation nothed, All other daterninaticns were corried out
by stondard proesodures (Blac, 1965), Ontions wore evirnetod
with 1N Ngj, ©AC ( P! 7.0) and dcternineé by atonie sbzoxy £.on

spactrophotonctry,
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3.2. Variety
Eybrid sorgmm SSHS {Samsorg 31) was used for the
experiment at the recommended plant population of about 50,000
plants per hoctare, using ridges ?Ecm apart and intrs-row apacing

of 2601'11.

3.3s Trectments

Treatments tested inelude three nitrogen rates, twe
placement methods, and four times of application. Detaile of

treatments are as followss

t. SV

Uitropen levels

Calecium ammeoninm nitrate (264 N) was used as scurce of
nitrogen and applied at three rates to supply, 30, 60, and 12

kg ¥/ ha. F

Flacement methods

Nitrcgeﬁ fértilizér wis a;ﬁlied using two methods, namely:

(1) droadeast appliecation: Where a weighed quantity of
fertilizer was evenly broadenst by hand throighwt o
given plot depending on the treatment and incor.wunleuw

inte the seoil immeidately.

(ii) Gréﬁfé.appliéatioﬁ: Which invelves congtruction of
groovers along the ridge at a distance of abcut "om
from the plants, Fertilizer was then uuiformly
Placed within the grooves in cuentinous bands and

then covered with scil inmediately.
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DTime of ﬁgglica.tion

Times of nitrogen applicaticn that were compared are as
follows;

'I’1 = All fertilizey dose applicd at seedling emergencae.

T2 +» Half dose of fertilizer applied at 3 weeks nnd the

remaining half dose at B weeks after sowing.
T3 = All fertiljzer dose applied at 3 weeks after sowing.

), = 111 fertilizer dose applied at € weeks after sowing,

3.4, Experipemtal Desigm and Plot Size

A randomised complete block design with three replicotions wes
used with a uniform grosa plot size of L.5m x G9.0m (h0.5m2). each
having six rows per plot, The net plet size, the aren from which

yield datz were colleeted, was 3.0m x 9.0m (e?.Omz).

3.5, Field Operations

3.5.1, Land preparation

The experimental area was ploughed, harrcwed cnce and
ridged to 75¢m apart, Prior to ridging, the fizld recieved a
basal fertilizer dressing of single superphosphete (18 P.C 5)
and muriate of potash (60% K,0) uniformly broadcast using a
tracter-nounted fertilizer spreader at rateas of €60 g 2ol g and

He ’kgxz{} per heetare,
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Sseds dressed with Aldrex T at the rate of 2g per 15 kg
of seeds were sown on 20 June, 1985, as scon as rains were
established. /About 5 « 6 seeds were sown along the ridgs in
holes 2.0cm deep and spacing of 26cm apart. Missing stands wore

= - : X L

supplied cne week after scwing.

3.5.3, Thimning
Thinning of stands was done at three weeks. Seedlings were

thinned to one plant per stand leaving the most vigorous se~dling.

3.5.4s Weed control

Experimental fieid was épraféd.afkéf ﬁlanting with the
herbicide Gardoprim A 500 FW pre-emergence using 2 CP3 knapsack
sprayer at a concentration of 250 ml/151 water (f.¢. 2.0 kg a.i/he)
as a weed control measure, Supplementary hoe-weeding was done a

Iew times &0 keep the plots weed free.

3.5.§.I Harvesting

Harvesting was done after the sorghum crovn. had full? ff'
matured. The stalks were cut.at éruund level and ripe pnniclen
were severed at their base (neck node) from plants within fonr
middle pows of the plots, The panicles wers counted, bagged ecod
further sun=-dried until they attain 2 econstont weipght and flei-

final weights recorded,
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3.5.6, Threshing

Threshing was done using wooden mertar and pestle,
Threshed pgrains were cleaned by winnowing, bagged anl subsequently

weighed,

3.6, Data Collection

3.6.1, Pre-harvest data

Crep data recorded d:ring the vegetative phuse cf sorghun
development include mumber of functicnal (green) leaves per plant,
total mumber of leaves per plant, and stem diameter at 50 per cent
flowering using twenty plants per plot. Others include plant height
(at physiological maturity) measured from base of plants to the tip
~f the last interncde, nmumber of interncdes per plant, flag leal

area at 50 per cent flowering, and stand count at crop maturity.

Data on mumber of functiunal leaves per plwrt wore ccllecterd
avery fortnight commencing at ten weske and these include leaves
that were still grevn at wore than SO per cent of their total leaf
area while total number of leaves ineclude beth ereen leaves ond
senescent leaves, which have lost their photosyntretic ability.
Measurement of stem diameter at 50 per cent flowering was ioae
at the third interncde from ground level; whereas number of
interncdes per plant refers specifically to those interncces
above-ground, hut excluding the last interncde (peduncle) he-ring

the panicle. Computation of flag leaf area was based on
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measurenent of the length cof flag leaf from tip to its ligule,
and maximum width. The product of length x width multiplicd by

a factor of 0.75 pave thc individual flag leaf area (Stickler
et al., 1961).

Li = 0.7 x L x W
Where L. = flag leaf aren (cm?)
L = length of flag leaf in cm

W = Maximum width of flag leaf in cm

Crop data ecllceted during the repreiuctive phase of
sorghum growth inelude number of days to 50 per cent flowering,
number of days to hard dough stage, number of days ic grzin
filling, and tctal dry watter production using four plants

per plot,.

Number of days to S50 per eent flowering include 14ys8
between sowing date and the date 3t which -~bout 50 peor cent
cf plants within a specified plot bleomed. 'wber of daye to
hard dough satage includes days betweon sowing date -aid the
date of attainment of grain filling, To verify physiclo ical
maturity, grains from middle portion of the vanicle wore tested
because flowering and grain maturity in sorghum progresser
downwards from the apex of the panicle. Number cf days between
50 per cent flowering and day cf attainment ¢f hard dough was

referred to as days to grain filling.
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Sempling for dry matter production was done after
heading afége of the sorptum crop. Feur plants were sampled
randonly from the two outermost ridges.of a plot and Jdissected
into component parts of stemy leaves wnd panleles, then dripd

to constant weight in an oven at ?OOC.

3.6.2. Peegtdharvest dats

Yield and yield attributes measured include total length

of ear, paniele length from the base (neck node) to the tip, and

. humber of primary branches in panicle. “lsc recorded were

. mmber of panicles pex plot, waight of panicles per plet, weight
cf gzrains per plot, stover weight per plot, nndt 1000-grain weight.

Other variables derived and their formulad are =ms fcllowss—

(1} Yo, panieles/m2 = No. paniclas per plot
Net plot size (m)

(ii) wWt. per panicle (g):&?OOx Wt.of venicles per plot (k)
Lo No, panicles per plot

(1ii) Wi, @rains per paniecle{@) = 1800x Wt. grains por plotlke)

B - NG. panicles par plot

(4v) No, grains per panicle = 1000% Wi, grain per panicle (&)
1000 - grain weirsht (3)

(v) Grain yield (kg/ha) = 10,000x MWt. srain yer plot (k)
Mot plot gize (07

(vi) btober ylald (kg/ha) = 10,000x Mt.utovcr per plct (k)
. Vet plot size (o)

(vii) Threshing pereentage (%) = 100x Wi, grains yer plet (kp)
- W%, panicles per plotikg)

or = 100 x Wt. grains per panicle {«)
Wt. per panicle {g)
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(viii) Graint stover matic = Wt. grains per plot (kg)
Sfover welght per plot (k)

(ix) Harvest index = Wi, prains per plot (ki
. paniclies per plo )+ Wt, stover
per plot (kg)

3.6,3., Chemic-~]l analysis of scrghum pgrains

Grain samples from individual plots were ccllected and
ground with a ¥Wiley mill to pass through a 2mm mesh screen, the
grinding machine and receptacle bag being thorouzhly cleaned
between grinding of samples to prevent contamination of flour g
from each ground grain sample were taken deplicate sub-samplca
that were analysed for total nitrogen content, Determination of
total nitrogen content of grain was done using the umicro-k |, "~n1l
method (Bremner, 1965). The percentage tctal nitrogen ccntent of
grains was converted to erude protein using a conversion factor
of 6.25 as recommended by A.U...C., (1975) and described by

Guiragossian et al. (1917).
Protein yield was computed from the following relationship-

Protein yield = Crude protein (¥) x Srain yield (ki/ha)
100

3.7. Statistical Analysis

Dota collected from field observaticns and after harvest
were subjected to analysis of variance to test signific nae
treatment effects, '“here the F-value showed significance, the
treatment means were compared using the test of least si nif.cant
differences (L.S.D.) at the 5% level of probability as descrilec

by Steel and Torrie (1960).
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Chapter L

RLSULTS

Lhete Soil inalysis

Details of the physico-chemical properties of the composite scil
sanple collected from the experimental site are presented in Table L.1,
The secil has low organic carbon content, high phosphate content and

moderate content of nitrogen and potash,

L.2. Effect of Rate, Method, and Tims of MNitrogen

spplication on Yield and Yield Compcnents in

Grain Sorghum

4e2.1, DNumber of planta/m2 and number of panicles/m2

Application of nitrogen had no significant effect on the maber of
plants per =guare metre and mumber of panicles per sguare metre in
sorghum, However, there was a tendency for rumber of panieles por
square metre to decline slightly as nitrogen rate was increased frou
60 to 120 kg N/ha (Table 4.2.)s The number of plants and of prnicles
per square metre varied from 4.8 to 4.9 and from .1, to l.bL

respectively as nitrogen rates were increased from 30 to 120 kg I/ha.

Method and time of nitrogen application also has no significant
effect on cither number of plants per sguare metre or rmmber of
panicles per square metre, Application of nitrogen fertilizer by the
broadcast or the groove method made no difference with respzet to

these two variables in sorghum, Similarly, single or split applicaticn

of nitrogen wade nc difference whatscever.
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Table L.1. Physico-chemical properties cf the composite soil
sample collzcted at 0-20em depth from the

experimental site.

Seil property Value

Physical prepexrty

Clay (%) 18,0
511t (%) 26.0
Sand (7)) 5€.0
Textural class sendy loam

Chemical property

pE in HO 5420
pH in 0,01 CaCl, 13460
Crganic carben (%) 1.52
Total nitrogen (¥) 0.170
Available phosphorus [ppm) 3.5
Dxcharyreable cations

(meq/100g scil

Na 0.16
¥ 0.28
Ca 7.13
Vg 1.89
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Table L.2. Effect of rate, method and time of nitrogen

fertilizer application on number of plants/n®,

rumber of panicles/mz, grain yield (kg/ha), and

stover yield (t/ha) in sorghum at Samaru 1985,

plants/m® panicles/m™ yizld vield
(keg/ha) (t/ba)
Nitrogen rate {(kg/ha) =
» . ko L3 21.22,1 8,91
60 oL .88 L. 28 2865, 1 1017
120 TR 7Y %.10 2945.5 11.09
si (») T 04073 C.12¢ 228,17 0,513
Lsp (0,05 7 ms Ng L52.50 0.829
Method _
Broadcast - L.87 Ly22 26247 10.LL
Grocve _ P | L.84 Le? 266L,3 9,83
SE (4) o 0,060 0.102 183.85 0.337
LSD (C.05) - - NS NS - N5 N3
Time _
All dose at emergence 4, 92 L.35 2872.4 10.84
dogse at 3 WiS+ ' e : e
at B WS Y86 .3 2989,1 10,25
A1l dose at 3 WirS ‘ . h. 86 J—l c?b 2514':'!3 9-1115
411 dcee at 6 WaS . - L,78 l.06 257C.¢ 0,0
SE (&) | - 0,08y 0,10l 260,00 0,476
LsD (0.05) Lo Hsjf' NS Ks 0.957
Mean | 4,86 I3 270k 3

N5 e WNot significant,
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L.2.,2. GCrain yield
Application of nitrogen on sorghum sismificantly (v = 0,05)

increased grain yi:ld from 2,422 kg/ha with 30 kg I/ha to 2,946
kg/ha with 120 kg N/ha fertilizer rate, The difference resulting
from application of 30 and 60 kg N/ha rate was not statistically
significant tut application of 120 kg M/ha gave significantly

igher grain yield than the 30 kg N/ha rite (Tadble L,.2), The
application of 60 and 120 kg }/ha resulted in 18,3 and 21,6%

increase in grain yield over that of 3C kg '/ha respectively,

Method and time of application of nitrogen hac no
significant effect on grain yield of sorghum., Brcadcast
method of nitrogen application, however, gave a sligshtly
higher grain yield than proove method but the difference was
not significant statistically. With timing of nitrogen
application, highest grain yield wais obtained with split
application of nitrogen (i.e. applicaticn of half dose at three
wezeks after sowing and remaining half at sight weeks), follcwed
by full application at seedling emergence, nnd full application
at six weeks after sowing or at three weeks after sowing

regpectively,

4,2.3. Stover yield

Stover vield of sorghum increased significantlv (p = 0.0%5)
with application of nitrogen, 2lthough both the 60 kg and 120 kg

%/ha rates resulted in significantlv higher stocver yislds than



30 kg N/ha, the difference Letween these two rates was not
%ignificant gtatistically (fable L.2). Hesponse to nitrogsn

#pplication was therefore signifieant only up to 60 kg li/ha,
| Co

Method of niirogen application ﬁad ne significant effect
on the atover yield of sorghum although the broadeast method
of applicaticn produced a higher stover yield than did the
groove method. Time of nitregen application however,
significantly (p = 0.05) infiuenced stover yield of scrghuw.
With respect to timing of nitrogen, full application at
seedling emergence gave significantly higher stover yield
(by about 1h.9) than the lowest yield which wap obtained with
application of nitropen three wecks after scowing. Stover
yvields obitiined with split application of nitrogen and full
application at six weeks after sowing were similar ond not
sigmificantly different from that obtainel when nitrogen was

applied ag full dose at three weeks after scwing.

1

Le2.h. Weight per psnicle

Weight per paniecle in sorghum was increaseq slightly by
11.3% ag the rote of nitrogen application was incréased.frﬁﬁ
30 kg to 60 kg N/ba but this was neot significant statistiecally.
Application of 120 kg N/ha resulted in the heaviest sorghum
panicles but the increase in weight was not significant
statistically over eithey the 30 kg or the 60 kg “/ha xute

(Table L.3), S



Table L3t

kY

Effect cf Tatle, methed and time of nitrogen fertilizer
applieation weight per panicle, grain weight per peniclz,

1000-grain welght, nd grain gumbér per panicle 1n

gorghum 2t Samata, 1985

’

Wte/ Wt graing/ T000-grain  vradn /

Treatment pinicle panicle (e) Wt (g) No.
() ___Paniclz
Mitrogen rate (xg/ha) _
30 85,1 55.7 23,63 2375
60 L4 T 6T+ 25,L8 2619
120 96.6 0.9 26,27 2684
sE(1) S 5,27 heTh 0,972 515
1sp (0.08) - NS 9,52 1,953 NS
Method
Froadeast 95.0 £7.0 2577 2593
Groove 89,2 62.3 24,18 2526
sB{+) ka3t 3487 0.793  123.7
18D {0.05) S - h8 NS NS
Time
A1l dose at emeTgence 95,8 66.7T 25.L7 2610
% doge at 3WASH 4 at QWAS 96,6 63,7 24.Th 2767
711 dose at 3 WLS . 8.9 .- 5%.h 25.L0 2326
AL dogse at 6 WAS 90,3 63.0 24,89 2530
- sE () | | 6409 5.7 0 1122 179
1sp (0.05) NS BS NS B
Yean 92.1  6l.T 25,13 2559.3

§s = Not significant
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iffect of method and time of nitrogen application on

panicle wzight in sorghum was not statistically siznificant,
However, the broadeapst fertilizer application method resulted
in a 2lightly higzher weight per panicle than the groove method.
With time of nitrogen application, highest weight per panicle
was obtained with split application of nitrogen followed by
nitrogen application at seedling smergence, applicnticn at six

weeks, and application nt threec weeks after sowing in that order

.2.5. VWeight of T ele

deight of grdins per paniclz in scrghum increased
significantly (p = 0.05) with nitrogen application up to 50 L~

H/ha (Table L.3).

Application of a hishar nitrogen rete of 120 kg i/he
significantly increaged weight of grains per panielz in
sorghu compared with the 30 kg N/ha rate, but there wae no
significant increase when the 60 kg i/ha rate was spplicd

('I‘able LI . 3) .

Neither method nor time of nitrogen application ha
significant effect on weieht of grnins per panicle in gr-in
sorghum. However, broadeast application of nitrogen tend :d to
result in higher weight of grains per psnicls than groove m-the?,
while wit): time of nitrogen applicztion, highast wioight of ;ring
per paniele was attained with split application ¢f nitrog :m,
followed by nitrogen application at seedling smergence, anplics*ior

2t six weeks, and finally application of nitrogen ot three weeks

after sowing.
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4.2.6, Thousand grain weight

application of nitrogen significantly (p = 0.05) incrensed
1000=-grain weight up to 60 kg Y/ha rate (Table L.3)., Increasing
nitrogen rat: to 120 k& N/ha produced a grain size that was not
significantly larger than that produczd by the 60 kg li/ha rate,
Method and time of nitrcgen application had no significant

effect on 1W00=-grain weight of sorghum,

L.2.7. Grain yumber per panicle

Inereasing nitrogen application rate from 30 kg to 120 kg
Y/ha increased grain number per panicle frem 2375 to 2684 but
that increase was not significant statistically (7able L.3). .ilsec
the different methods and times of nitrocgen spplication h2a no
significant difference in grain numbey per panicle, Breodeast and
groove methcds of nitrogen application preoquend similar grain
number ver panicle. However, the highest nuober per panicle was
obtained when nitrogen was applied in twc equal doses at three
and eight weeks after sowing, application of 211 dese of nitrogen
at three weeks =fter sowing produced scrghum grains th-t were

fever in mumber than split application.

L.2.8, Panicle length

when nitrogen application rate was increaged from 30 ke
N/ha, panicle length in scorghum increased si-mificantly (v = 0,0%)
but further increase to 120 kp li/ha produced po siznific-.t

increase in panicle length (Table L.L).
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Table L.l

Effect of rate, method and time of nitrogen fertilizer

application on panicle lengthy, total length of ear, and

mumber of primary pan

jele branches at maturity in
sorghum at Samari, 1985,

Treatnent — Panicle — Tctal ear No. primary
length length panicle
(em) (om) branches
Nitrogen rate (kz/ha)
30 g 75.l4 89.0
60 36,2 76.5 91.7
120 36.4 The5 G243
sE(+) 0,30 1.34 1,06
1sp (0.05) 0.60 NS 2,13
Method
Broadcast 357 5.7 0.5
GCroove 3547 75.3 91.4
SE(+) C.2k 1.10 0.86
1sp (0.05) NS NS NS
Time
411 dose at emergence 36,0 78.1 89.1
3 dose at 3 WiS+ 1 at BWAS 36.2 76.8 91.1
A1l dose at 3 W45 35.3 Tha3 89.9
111 dose at 6 Wad 35.3 12.7 93.b
sk (+) 0.35 1,55 1622
1sp (0.05) 0.69 3.12 2,15
Mean 35.7 15.5 G1.C

= et signif‘ica.nt



Method of nitrogen application had no significant effect on
panicle length in sorghum. Both brendcast and groove method of
application gave similar panicle lengths, Time of application of
nitrogen however significantly (p = 0.05) affected panicle length
with split applicaticn of nitrogen and application at seedling
emergence resulting in similar but significantly longer panicle tran
those obt-ined with applieation of nitrogen all at sither throsz or

gix weeks after sowing.

h.2.9. Total lsength of ear

T

By increasing nitrogen rate from.BO ké 3} fo €0 ke N/ha
the total length of ear in sorghum was not increased aid o
futher increase in nitrogen rate to 120 kg N/ha produced sorghom
ears that wers not longer than those of the two application rater

(Table h.bh).

No significant effect on total length of ear was observed

with regpect t0 method of ;itrogéﬂ application. Roth breadeasy
hand groove application of nitrogen produced similar total lengths
"of zar in scrghum,. Timing of nitrogen application however

significently (p = 0.05) increésed total length of enr in sorghum,

Application of nifregen at secdling cmergence resulted in the
longest ear in scrghum followed respectively by split application

of nitrogen, application at three weeks and finally, applicaticn

of nitrogen at six weeks after sowing. Totgl length of ear cbiained
with application of nitrogen at smeedling emergence was sigifiesntly

higher than application of all nitrogen at either three cr si: vro -
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after sowing while aprplication of nitrogen in two equel splits at
three and eight wecks after sowing significontly increased total
length of ear than application of 211 nitrogen at six wecks ~fter

sowing,

L+2.10. DNumber of primary branches in panicle

Number of primary branches in panicl: was incrensed
significantly (p = 0,05) with nitrogen application 2t least up to
60 kg M/ha rate. Higher rate of nitrogen (120 kg K/ha) did nct
increase number of primary dbranches in panicle over the 60 kg
N/ka rate but resulted in significantly hisher mumber cf panicle

branches when compared to the 3 ke N/ha rote (Toble L.b).

Method cf nitrcgen applicaticn had ne significrnt effect con
mumber of primary branches in panicle, with ne differcnce observed
between broadeast 2nd groove applicaticn methods, Time of nitrc-on
application had a significant influence on the mamber of primary
brenches in panicle of grain scrghum. Nitrogen applicestion av six
waeks after sowing resulted in significantly higher nusben of
primary branches in panicle than any of the othar times ¢ ri‘rooen
application, However, no sisuificant Jifference was cuscrved in
nunber of primary branchesa in panicle with cither nitroger
application at seedling emergence, application at three weaks, cr
the split application. Delayed application of nitrogen fertilizer

appears to have favcured the producticn of nrimary panicl. bronches,
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4.2.11, Threshing percentagc

tpplication of nitrogen sismificantly increased threshins
percentage in scrghum up to the 60 kg N/ha rate but when nitrogen
rate was increased to 120 kg F/ha, threshine percentage did not
increasc beyond that of the 60 kg N/ha rate as further incrense in

this parameter was rather marginal (Table L.5).

Method and time of application of nitrcgen h=d no significant
effect on threshing pereentage in scrghum, 32roadeast method of
nitrcgen application produeed a threshing percentase thot was sirilar
in magnitude tc that of the groove method of avplication. With
respect to time of nitrogen applicaticn, the split applicati-n »f
nitrogen had no partieunlay advantase over the cother tines of nitrogen,

application.

Lbe2.12, Grain: stover ratio

Grain: gtover ratio was virtually unaffected by inereasing
rates of nitrogen applieation from 30 kz N/ha thrcugh 120 ke N/he
(T=dle 4.5). Similarly, method ani time of application of
nitrogen alsc had no significant effect on #rnin: stover riti.c
in sorghum. Application of nitrogen in two ccual split dose ~%
three and eight weeke after sowing secemcd tc have proiucen a
slightly higher gr2in: stover ratic in scrghunm conmpared

applying a2ll nitrcgen dose at six weeks,



Table L.5: Effect of rate, method and time of nitrogen
fertilizer applieation on threshing percentzge,

38

grain: stover ratio, and harvest index in sorghum
at Samaru, 1985,

Treatment Threshing Crain: gtover Harvest
percentase ratio {ndex
@)
Hitrogen rate (kg/ha)
30 65.5 0,276 0.193
60 70.4 0.274 0,198
120 72.7 0.266 0,183
SE(+) 1.38 0.0192 0,0176
LsD (0,05) 3.78 NS NS
Me thod
Broadcast 70.0 0.272 0.19%
Grcove 69.0 0.271 0,195
SE (+) 1.5L 0,0157 0.0143
1S (0.05) NS NS NE
41l dose at emergence 68.8 04264 0.193
% dose at IWAS+ 4 at 8WAS 71.3 0.291 04208
A1l dose at 3 WiS 68,8 0.274 0.9
.11 dose at 6 VAS 69.1 0.258 0,186
SE (+) 2,17 0.,0222 0.0203
Lsp {0,05) NS NS IS
Mean 69,5 0.272 0.195

'S = Not signifiecant,
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4.2.13. Haorvest index

Nitroron applicntion had no aignifiennt cficet on
harvest index in sorghun S8H5, Althoush applicetion of
nitrogen at 30 kg /ha rte resulted in o harvest index thaz
wag ezactly the sane as that for the 120 % 1/ha vnte, thur

was a slight odze in the ease of tho 60 kg ¥/he rate (Toble 4.5),

flothod and time of nitrogen arplicaticn also had no
gignificont offeet on harveat index of s.rphu., Bronleast
nethod of application produced a hnrrest infex thit was nct
different fron that of the groove anplieation nethod, Tiowever,
with rospeet 48 time of appliention, slightly hicher hore o,
index was obtained wham nitropen feriilizer was applicd in o
split dcaes ns agninst anplying this in n full domo at 6 wockn

nfter soving,

4.2.14, Interactions

First rnd sccond order interactions betieen rnto,
niethod and time of nitrogen appliention on gorphun woere n %
significant with respcet to number of nlants wor saunre
rnetre, number of panicles par squarae netre, weight per
panicle, weight of grains per vanicle, 1000~grain weigh-,,

and prain numbor per penicle,

Neitler were internction offeets si-nifiernt with

respeet to panicle length, total longth of onr, thrashing
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percentage, grain: stover rtio, amd hexvest index, Howovar,
groin riold, stover yicld, amd mubcer of prirmary panicle
branchos in gopghun wore sirmificantly (p = 0,05) influcncal
by nitrogen x tine intercetion, Fizhost groin yield (3717 ke
W/1n) resulted fron applicrtion of 120 ¥~ i/mn in two aplit 403 :g
consisting of the appliention of holf dose ot 3 weeks and
renaining half at 8 we.ks after scwing, whoreas, tho appliention
of 30 kg N/ha nt three weeks nftor sowing vroduced tha lowest
aroin vield (2232 wg/ha) (Pable 4.6). inowy the threc rntes of
ritrogen arplications the 60 Yz N/ha rate vns ©hoe lenst affeeted
by time of ap-liention, Stover yield of sorzhur which rasul tod
froi the applicction of 30 ke I/ha at thrce vooks aftor soo 1
wns lowest vhereas nitrogen appliention at the rrte of 120 kg
¥/hn at tine of sccdling enorgenee rosulted in the hi-heat stover
vield (Table 4.7). With nmubcr of prinary nanicle brencles in
sorghun, applieaticn of 30 kg N/ha at scadling crorgones produc.d
tic lowest nurber of prinary panide broacioes while the 120 Jo:
i/ha rote npplied at six wecke after sowing peve highes™ pumbor

of prinary panicle branches (Teb1o 4.8).
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Teble 4,63 Interaction betwwon nitrogen ratos and tire of
aprlieation on groin ridld (0 Sin) of s rghun ot

Snnaru, 1985,

Hitrozon rotes (ke/ha)

Tine 30 60 120
A1l doscs at enorgence 2649.4 290443 30636
+ dosa at 3"!3"34—-5- nt 8 WAS 2379.5 2870.4 TT17.3
All dosc at 3 WiS 22%2.1 2804.9 299.,.8
Al dose =t 6 WS 2427.2 273049 2402,

13D (0.05) 905, 00
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Tnblo 4.7. Intoraction baetwcen ratos and ting of
prvlication on stover yield (4/hn) of

gorghun at Sancru, 1985

Miitrooen rotaes (k./h'x)

T4idre 0 60 120
A1) doss at cnergenoe 9.95 11,01 11.55
4 dose at 3WAS + + at BYAS 8.74 10,56 "11.43
L11 dosc at F WAS T.74 10,28 10.30
Al) Yose at 6 WAS 9,20 9.77 11.08

Lsp (0,05) 1.658




N3
Table 4.8 Internction betwcoen nitrogon rates ~md tine of

applienticn on the nurber of prinary panicle
hranches in serghm ot Saninru, 1985,
Vitrogen rates (ko/ha)

Tine . S %0 60 120

A1) Ansc at enerpenee — 86.1 91, 1 90.1
¥ dose at 3 VAS + F ot 8 WAS £9.1 90.9 93.2
411 dose at 3 WAS '1f5 13M 88,2 0,9 90.6
M1 dese at 6WAS . . 92,5 93.7 95.2
LSD (0.05) 4.25 S
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4.3, Bffoet of Rnto, Method, ~nd Tino of Nitrozm

Applicetion on Gpouth of Grain Sorchun

4.3.1. Plant height

Inereasing nitromn rate fron 30 k2 to 60 T/ aimificanty
(p = 0.05) increased »lant hei -ht in sorghun but further incronac
to 120 kg N/he produced no atditionsl ineresse in plant hoirht

ovor the 60 %z N/ha rate,

P There was no differenee botween ~pplying nitropen fertilizer
using the broadcast or the groove ncthed with resp:ct to

plant height., Tine of applieation of nitrogen hed no sirpi‘iernt
offeet on plant heicht (Table 4.9).

4,3.2, Sten diar

Arplicntion of nitrogen to sorchun sinific-ntly
(r = 0,05) increased sten diancter of gerichun at least uwp o
the 60 g W/ha rate (Toble 4.9). Hirher rntc of 120 kg I
proineed signifieant ineronse in sten dinzeter over the 30 Xy
1/ rnte but rroduced no furthor inercase in lirneter we - 0¥

60 kr N/ un rate.

There wns no simificant cffeet of citliier nothel op
tiwe of nitrogen aprlieation on sten diancter in srain
sormyhw, Thoe nagnitude of sten diancter obtnined with the
broadecast mothod of anplieation was basieally the saue with

that of groove applieation of nitrogon fortilizer., /Ipplying
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Table 4.9: Effcect of ratc, ncthod and tine of nitrceoen
fertilizer applieation on vlant heisht, ston
dinneter amd nuwther of intcrnodes in aor~hun
at Sanaru, 1985

Treatnent Plnnt 3ten Ne,
heicht dirnetor internodes
(en) (er)
N r ke
%0 244.0 2.54 20.5
60 260,0 2.69 21.0
.z 252,9 2.70 21.5
a(+) 4.70 0.070 0.25
LSD (0.08) 9.44 0,140 0.50
Megthed
Broadenst 2574 Z .66 21.1
Groova 251,3 2.63 20.9
sE() 2,83 0.057 0,20
LSD (0.05) NS NS NS
T ing
i1l dosg at cnergonee 255.6 2,52 20,6
* Aose at 2 WiS + + at 8 VAS 255,7 2,66 21.3
A1l Aoso at 3 WAS 252,2 2,71 21.%
;11 dnse nt 6 WAS 253%,6 2.68 21,0
sE (+) .43 0.081 0.20
1.SD (0,05) NS N3 s

Mean 254.%3 2,64 21,0
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nitrogen fortilizer all at 3 woeks aftor sowing would seen B
have favourod sten dianeter as against applyins this fortilizor

nll a4 predling evexpEnce.

4.3.,3, Nuober of interno’ s pex ylant

Sismifieant increase (p = 0,05) in nuuber of internodes
per vlant in sorghun occured 1ith the applieation of nitrogen
up to the hishest rate of 120 kg N/ha, Avnplication of nitrogen
£ 120 ¥k 0/ha produced nore sten internoles than either 30 or

60 kg N/he (Table 1.9).

Hethod of nitrogen application hnd no significant ci..c
on the nunber of internodes per plant in sorghun, The brealeast
nppliention produced the same number of interncdes
ns the groove applieation of nitrqren fertilizer, Tine of
application of nitrgren nlso had no signifiennt effoet on tha

nmber of internodes per plant in sorghus,

4.3.4, N of donys to - flowerin:

¥unber of days to 50 per cent flowering in sorghum 'ins
simificrntly reduced (p = 0.05) with applicaticn of hizher
rates of nitragen (Table 4.10), Simificently lower mwber of
dnys to 50 yer cent flownaring resvlted when nitrogen ratc wrs
ineronsed fron 30 ¥z ¥ to 60 % N/ha. Frrther ineresse in
nitrogen rnte to 120 kz N/ha pgave simificant lower muber of dny-
to 50 per cent flowering than ~ither the 30 ki N/he or 60 loz N/h~

rnte,
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Table 4,10: Effect of rate, moethod ancd time of nitregen
fertilizer application cn the number of days to
500 flowering and hard dough stage, and Grain
filling pericd in som;hun at Sanaru, 1985,

Treatrient Ne¢, days Fa, days Grain
to 50m to hard filling
flowering dough stage soriod

Croye)

Nitrogen rnto (kp/ha)

30 108.3 138.4 30,2
60 106.4 139.1 3.7
120 104.6 140,6 36.0
S3(x) 0,83 1,21 3.58
15D (0.05) 1.67 i3 NS
Method
Broalenat 106,2 139.8 33.7
Groove 106.7 138,9 32.2
SE(x) 0.68 0.98 2,92
L3D (0.05) S NS NS
A1 dosc at enorgenco 107.7 137.2 29,6
%+ dose at FAS + + at 8 VAS 105,2 138.9 33T
A1l dose nt 3 WIS 106,6 139.6 33.0
211 dose at 6 WAS 106, 2 141.8 35.6
SE(+) 0.96 1.39 413
LsD (0.05) NS 2,80 NS

Menn 106, 4 139.4 .0

- ——

NS = Vot sirnificant



v L8

Method of nitrogen applieation had no significant
offect on number of days to 50 per cent flowering in sorghum,
Both the broadeast and the groove methods of nitrogen application
goave sinilar nunbers of days to 50 per cont flowering in sorghum,
Time of nitrozen aprlication alao had no simmificant effect on
nunmher of‘_ Anyes to 60 rer cent flovering in soxrhun, Hizhaest
number of days resulted with the anpliention of nitromen
fertiliror at scedling energence wherens the lowest munboer of
dava to S50 rer cent flovering wns obtained with split
aprlication of nitrogen. There was no differente beticen
nunber of days to 50 per cent flowering with fertilizer
application at both three and six wecks aftor sowing, but &~

were slightly higher than days obtained with split applira™lon

of nitrogen,

There was a progressive increase in the number of days
to hard dough stage in sorghun with an inerense in fertilizer
rate fron 30 kg N to 120 kg ¥/ha but such differefNces were not

significont statistically (Table 4.10).

Number of days tco hard dough stage ohtained with
broadcast arplication of nitrozen was similar t¢ that for
the groove apnlication method and as such were not significontly
differert., Time of nitrogmen aprlication however, si/mificantly
(p = 0.05) influenced the nurber of d=ys %o hard dough ataze

in sorghun, although no gignificunt difference was observed

e ——————
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seedling emergence, and applicaticon at thiree weeks after sowing.
Applicaticn of nitrogen at six weeks after sowing gave
significantly higher number of days to hard dough stage than
those for both application of nitrogen at seedl ing emercence
and using split application, but nct significantly different
froem that for nitrogen application at three weeks after sowing.
Fewest number of days to hard deugh stage resulted from nitrcgen
application at seedling emergence with progressively higher
days obtained with split applicaticn of nitrogen, application

at three weeks, and applicaticn at six weeks after sowing.

L.3.6., Length of grain filling period

Increasing nitrogen vate from 30 ki ¥ te 120 kg /ha
increased the length of grain filling period from 30 to 36

days but these differenges were rot significant statistically,

Method of applicz2tion of nitrogen had nc significant
effect on thig parameter although the zroove application of
nitro-en seems to have resulted in =2 slishtly shortened
duration cof sor~hum grain filling weriod than the broadecast
application method, Time of nitrogen applicstion also hadé no
si/mificant effect on the duration c¢f crain fiilling. The
shortest grain filling period resulted from fertilizer
application at seedling emergence while the longest duration
occurred with fertilizer ;pplication at six weeks after sowing

Table L.10).

he3.7 Total mumber of leaves per plant
Application ef mitrogem, at least up to 6" kg/ha
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increased number of leaves per plant in sorghun simificanfly
(p = 0,05), Higher rate of 120 kg N/ha remulted in significar;
increase in number of leaves per plant over the 30 kg N/ha rate
but not over the 60 kg N/ha rate. The nuber of leaves pov
plant for the 60 and 120 kg H/ha rates were quite similar

(Table 4.11).

Both aroove and broadeast anpliecation of nitrogen
prodiced similar nunher of leaves per nlant in sorghun,
Time of nitrogen arplication also had no signific ant effect

on number of leaves per plant in sorghum,

4.3.8. Elag leaf area

Flaz leaf area in sorghun was significently (p = 0,05)
inereased bv nitrogen aprlication up to 60 ¥g N/ha. Incressing
nitrogen rate %o 120 kg N/ha produeced no further ‘nec-eare in
flag lcaf area when compared to the 60 kg /ha rrte, but
therc was a significantly larger flag lecaf arca than for ti»

30 kg N/ha rate.

Flog leaf area was slightly larger vhen nitrogen was
applied by brecadcast methwod than when groove method was vand,
However, their differemce was not signif icant statistical.y
(Table 4.11). Time of nitrogen applieation hal no sizai‘icant
effeet on Flar lenf arean. The magnitwle of Tlag leaf a-en Tor
the various times of nitrogen arvlication were virtually ths

sane,
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Table 4.11: Effect of rate, nmethod and tine of nitrogen
fertilizer application on muber of leaves per
plant at physiological maturity and flag lcaf
arca at 50% flowering in sorghum at Samaru 1985.

¥o, Leaves/ Flag leaf area

Treatnent plant Lgﬁ)
Nitrogen rate (kg/ha)

30 21.6 161.6

60 22,2 204.9

120 22,5 203, 1

SE(4) 0.19 5.65

LsD (0,05) 0,38 11.35
Method
Broadecast 22.2 194.5
Broove 22.0 185.2
SE(x) 0.15 461
LsD (0,05) NS s
Iine
111 dose at energence 2.0 189.9
% dosc at 3 WiS + + 8 WLS 22.0 190.8
111 dose at 3 YiS 22,4 186.2
A1 dose at 6 WAS 22,1 192.5
sB(z) 0,22 6.52
LsD (0.05) i's s
Mean 22,1 189.9

NS = MNot siznificant,
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4.3.9. Humber of functional leaves per plant

When nitrogen rates was increased frem 30 to 120 kg/ha,
number of functional (green) leaves per plant in sorghum increased
but such increases were statistically significant only at 1 and
16 weeks after sowing but not at 10, 12 and 18 weeks after
sowing (Table L,12), At 10 and 12 weeks after sowing, number
of functional leaves increased slightly ur to 60 ki li/ha rate
only., Significant increase (p = 0.05) in this parameter was
observed at 1l weeks after sowing, the stage at which maximum
mmber of functional leaves per plant was attained. .8 nitrogen
rate was increased, mumber of functionzl leaves per plant at 1)
weeks after sowing increased up to the 60 ks ¥/ha rate, Figher
nitrogen rate of 120 kg N’ha althcush producing number of
functicnal leaves that were significantly higher than the 30 kg
N/ha rate, it did not differ from that of the 60 kg I/ha rate,

.t 16 weeks after sowing, there was significantljincrease in number
of functicnal leaves per plant but the average number was fewer

as compared with that at 1!} weeks after sowing. Increasing

nitrogen rate did not result in inecreased number of functional

leaves until the highest nitrcgen rote (i.e. 120 kg ¥/ha’ had

been applied. 4t 18 weeks after scwing, number of functicnal

leaves per plant declined drastically commared #@¢ thot observed

at 16 weeks after sowing. Increasing nitrcgen rate from 30 to

120 k¢ k/ha failed tc produce any sismificant increase in rnumber of
functional leaves at 18 weeks after scwing. ‘“hen number of functional

leaves per plant as influenced by nitrogen rates of 30, 60 and
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Bffect of rate, nethod and time of nitrogen

fertilizer application on the number of functional |

(f;rcen) leaves per plant in sorghun at Sanmaru

(1985)

Weeks after soving

Treatmont o -
10 12 i 16 18
Nitro kz/h
30 11.3  13.14 15,0 13,4 6.1
60 11.8 13,8 16,2 13.8 6.6
120 1.8  13.7 16.5 14.1 7.2
sB(z) 0. 30 0.3 0,26 0.27 0.65
13D (0.05) NS NS 0,52 0,53 KNS
Methrod
Broadcast 11.9 13.7 16.1 4.0 7.0
Croove 11.4 13.3  15.7 13.3 6.3
sE(x) 0.25 0,29 0,21 0.22 0.73
LsD (0.05) NS NS 0.43 N3 ne
Tipse
11 dose ot cmergence 11.5 13.6 15.8 157 6.8
¥ dose at HLS+ ¥ at 8 WAS 1.9 13.6 16,1 14,0 6.9
111 dose at 3 WiS 11.7 13.2  15.6 15,3 6.8
A11 dose at 6 WAS 1144 13.5 16,1 10 6.6
se(y) 0,35 0,40 0,% 0,31 0,75
LsD (0.05) NS ns S 8 s
Mean 11.6 13,5 15.9 13.8 6.7
NS = Not simificant
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120 kg X/ha were considered it was cbserved that mumber of
leaves increased from 10 weeks tc 1l weeks after sowing, when
maximum number was attained., It thoreafter declined gradually
at 16 weeks before becomin: drasticnlly reduced at 18 weeks

after sowing, when plants were closer to maturity stage.

Method of nitrogen application had no significant effect
cn rumber of functional leaves at 10, 12, 16, and 18 weeks but
enly at 14 weeks after sowing. With respect tc all observaticns,
the numbers of functional lezves cbtained witr broadcast method
of nitrogen application were slightly hisher than groove

apnlication.

Time of nitrogen applicaticn had no significant effect on
the number of functional leaves per plant in sorghum. At 10
weeks after sowing, there was no difference among the various
times of nitrogen application with respect to this parameter,
Irrespective of the growth stage, the difference in number of
functional leaves among the various times of nitrogen application
were not siznificant statistically, When numbers of functicnal
leaves per plant for various nitrogen rates of 30, 60 ~nd 120

z I!/ha were considered with respect tc the effect of method

and time of application of nitrogen, it was fcund that number
of leaves alsc increased between 10 and 1l weeks after sowing,
when maximum number was attained, “ut declined ranidly

thereafter.

Le3.10, Interactions

There was no significant effect of the first and sesond
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order interactions with resrect to stem dianeter, numher of
internodes per plant. numher of‘d::ys to 50 per cent flowering,
number of dava to grain filling flag leafl area, total nuher
of leaves ver plant and number of funetional leaves per plant,
However, interaction offects were ob-crved for totel plant
heisht in sorghum and this wes aimificant (p = 0,05)
statistically, The 30 kg N/ha rate when split applicd, half
dos2 at thrce weeks and remaining half cight wooks, resul ted
in the shortest plants, whereas aplit application of 120 kg
N/ha resulted in the tallest plamts (Tchle %,13), Nitrogen x
tine interaction on number of days to hard dowh staze was
gignificant (p = 0,05) with the lowest nurber of deys to hard
dough stage being attained with appliention of 30 kg ¥/ha ot
soedling emergence while the highest nubher was obinined with

application of 120 kg/ha at six wocks af'ter sowing (Table 4,1 1.

4.4, Effect of Rate, Method =nl Tipme of Fitrozen
Matter Frodueti Crain
Sorzhun

1.4.1. Stalk dry veight

Sorghun stalk weight increased simifiesnt (p = 0,05)
as nitrogen rate was increased from 30 to 120 kg N/ha,
Increasing nitrogen rate from 30 to 60 Y N/ha increascd
stalk weight by 41%, while the apnlication of 120 %7 N/he

produced an additional 180 increase over the 60 kg N/ue

rate (Table 4.15). 30749_5'_
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Pahle 4.13: Intersction botween nitrogen rrtos and tine of

anplication on plant heizht at rhysioclogical

maturity (en) in sorshum at Sauarv, 1985,

4
Yine Nitrogen rates (lcggf'ha,

30 60 120

. — e e

A1l doso at omergence - ¢ . 24441 260,0 262,8
Yanse nt 3WLS + FBWAS PAZ .2 257.7 267.5
A1 dose at 3 VLS \.5.‘:-"; - 242,7 261.7 252,6
£1) dose at 6 WAS R 247.,0 261, 1 252.8

LSD (0'05) | 18,88 o
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Teble 4,14: Interaction between nitrocen rantes and time of
application on the nuaber of days to hard dovg

stage in sorghum at Sancru, 1925,

Yiua Nitrogen rates (kg/ha)
30 60 120
A1l dose at cnergence 134,53 136.0 141.3
+ dose nt 3 V.S + + at B WAS 138,0 139.3 139.3
i21 dosc at 3 V.S 139,7 140,0 139.0
A1l dose at 6 V!5 141.7 1M.0 142.7

18D (0.,05) 4.85
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Table 4.15: Effect of rate. method and time of nitrosen
fertilizer arplication on dry natter production
at rhysiological meturity of sorghun at Samaru. 1985,

Stalk wt/ Leaf wt/ Panicle Total

e A Rl 4 s 9
Treatment rlant
()
Nitrogon rate (kgz/ha)
30 139.7 56,1  88,C 286,3
60 196,9 73.8 1111.0 361,7
120 222,1 76.9 128,0 427.1
5E(z) 7.93 3,36 2,72 10,70
LsD (0.05) 154 94 6.76  5.47 21,50
Met
Broadcast 194.1 T1.5 111.7 F77.4
Groove 178.3 66,3 106,8 352.0
si(+) 6,48 2.75 4.90 8.67
Lsp (0.05) 13,02 NS NS 17.22
Iipme
411 dose at emergence 182,3 68,2 114.1 %66.3
+ dose at 3 WAS + + at 8 WS 184.5 66,6 31T 363. %
All dose at 3 WAS 184.3 67.8 104.8 356.¢
A1l dose at 6 WAS 193.8 731 106,5 il
sB(+) 9.16 3,89 3.11 12.42
LsSD (0.05) s Hs 6,25 NS
Mean 186,2 68,9 109.3  365,0

N5 = Not significant,
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Method of nitroszon eppliention influcneed stalk dry
weight in gorghun sirnificontly with greater stelk Ary weight
being ohtainod with tho broadeast nathod, Tire of nitrogen
arplication hal no significant effeet on atalk drv weisht ,
The greateat stalk drv veirht vas attained with the applicention
of nitrosen at gix weoks after sowing while applieation at

seedl ing smersence resulted in the lowest atalk weight,

4.4.2. Leaf dry woight

Higher rntes of nitrogen application prodleed grenter leoaf
dry weishts in sorghun but this effeet won zimifiennt only up to
60 kg H/hn rate, Applieation of thc 120 ko M/ha rate resvited
in a significantly greater leaf dry weight compared to the 30
%g W/ha rate but the value for this was not different fron

that of the 60 kg N/ha (Table 4.15).

lHothod and time of nitrogen appliention hsd no significant
effect on leaf dry weight in sorghum, ilowever, brandcast
application produced slightl y greater leaf weights than the
groove applieation method, With respeet to timo of application.,
the lowest dry veight of leaf was obtained with arlit
appiication of nitroren in two e~unl doses at three and
eight wecks after sowing while nitrogen application at six
w:oks after sowing proluced a alightly greater leaf dry

woeisht,



4,4,3. Paonicle dry weight

Panicle dry weizht per plant incrensed simificantly
(p = 0.05) as nitrogen rnto was increnscd fron 30 te 120 kg
N/ha. Application of 60 kg N/ha resulted in o significontly
greater panicle dry weizht than 30 ko N/ha rate while further
increase in nitrogen rate to 120 kg M/hg -roduced a simificantly
preater nanicle weisht than both the 30 and 60 'y ¥/ha rate

(Table 4.15).

Hethod of nitrogen enplication had no effect on the dry
weight per panicle in sorghum although the broadenst metod
tended to have a slight edge over the zroove anplication method.
Time o7 nitrogen application had a significant effcet on
panicle dry weizht in sorghun, The greatest dry weight of
panicle wns attained with nitrogen application at scedling
cmergence while lowest weight was obtained with applieation

of nitrogen at three woeks,

Lpplication of nitrogen at scedling criergence amd split
application of nitrogen produced a simmificantly higher dry
weisht of panicle than both nitrogen applicaticn at throe and
six wecks aftor sowing. Also , nitrogen application at
secedling emcrgence produced a panicle dry weizht thot was
greater than those for application of nitrogzen at both tihree
end six veeks after sowing, 'owever, no sirmifieant differonce
in panicle weizht was observed betveen cither nitrozen application
nt scedling emorpgence and split application of nitregen or

nitrogen aprlication at three weoelks and six wceks nfter sowing.



51

4edetts 10 dry no pat atic

Adppliention of higher rates of nitroson inercnseod total
dry nettor in sorghun significantly, Application of 60 kg F/h-.
produccd n signifioantly proater totnl dry nattor than the 30 kg
N/hn rote, =nd also increasing nitrogon rnte to 120 kg ¥/ha
rasulted in a simifiennt inepensed in tofnl Arv notter
accurlation as against both the 30 g W or 60 kg N/ha ratc

(Table 4.15).

Method of nitrogen applieation had a sisnifid-nt effoect on
totel Ary matter ncecumilation in sorphun, Broadeast nathod of
nitrogen applieation resulted in total 4drv nntter accumulation

that wns signifi-antly greater than the sroove nethod of nitrogzen

applieation,
4.5, Effeet of Rate, Mathod, amd Tine of Nitrogon
4pplication op Chepienl Couvoaitidn of Sorghun
Gredin
4e5.1, Total nitroggn gnd crude protein content of grain

Applieation of hiphor retes of nitrorsen had no significant
effect on cither total nitromen or erude »rotoin content T 3orghun
prain (Table 4.16). Fowover, inercesing nitrogen rate from 30 to
120 ¥z ¥/ha incroased the totel nitresen contont of sorghum srain
from 1.8 per cent to 2,0 por cent and ervde rotein contert Trop

11,2 per cent to 12.% ver cent.
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Table L.16 Effect of rate, method and time of nitrogen
fertilizer application on total nitrogen and
crude protein content of grain, and protein
yield in sorghum at Samaru, 1985,

Treatment Tctal(n:)ltrogen Crude prctei.n

&zc?la

Iitrogen rate (kg/ha)

30 1.79 11.19 267.8
60 1,88 11.76 327.8
120 1.97 12,32 366,40
SE(1) 0.120 0.68L 31.97
Lsp (0.05) NS NS 6.2,
Me thod
Proadcast 1.86 11,64 328.3
Croove 1.90 11,87 312.7
SE{+ 0.090 0.559 26,10
LSD (0.05) NS NS NS
Time
All dose at emergence 1,81 11.30 322.1
% dose at 3VAS 4+ 2 at B WiS 1,9 11.89 357.4
411 dose at 3 WaS 1.89 11.80 287.8
All dose at 6 i8S 1.92 12,03 30L.8
SE(1) 0,127 04790 136491
Lsh (0,05) 'S NS NS
Yean 1.88 11.76 320.6

NS = GSipnificant,
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The effect of nothod and time of nitregon epplication
sng not simificent with respect to both to*al nitrogen and
erude protein contents of scrghun grain, The groove nethod of
nitrogen applicntion recsulted in a slightly highcr total nitrogen
and crude protein contonts than tho broadenst nethod, With
respect to tinning of nitrogon, applic-tion nt six weeka after
sowing proiuced the highest total nitrogen and erude protein
contents of sorghum grain fol oved respoctively by applieation of
nitromen in =vlit dose (i.e. half at three wecks nand reomaining half
nt eight weeks after sowing), appliention at throco weeks after

aowing . and Tinelly, application at seodling enerzence,

4.5.2. Grain protein vicld

Incrensing rates of nitrogen fertilizor simmificontly (p = 0,05)
incrcascd the grain protein yicld of sorghuwi, The higheat nitrogon
rate of 120 kg N/ha produced significontly hicher srain protein
y151d than did the 30 kz N/ha roto but the differonces botween the
30 and 60 kg N/ha rotes, and botween the 60 “nd 120 kg i/ha ratos

wore not siznificant statisticelly (Tcble $.16).

Method and tine of nitrogen anplication hod no sigrificant
offcet on the grain protein yield of sorghun, Howover, the
hrondeast nethod of epplication produced a hiz'er protein yicld
than did the groove nethod. With respect to tine nitrozen
application , the highest vrotein yiold was sattoinad with split
application of nitrogen fortildszer followed by appliention nt
scedling energonce, six w gks after sowing ond three #wo.cks aftor

soving.
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Zffcet of the fimmt order andl sccond ordor interactions
on total nitrogen and erule protein content of srrin in sorghun
were not significant stntistienlly (Tablc 2.17). Intoranction
cffaets of nitrogen x tiric on grain protecin vicld of sorghun was
however simmificant (r = 0.05). Lowest vrotein v 2ld rosulted fror
application of 30 kg N/ha at throe weeks aftor sowing while the
nighest protein vield was obtained with aplit applicntion of

120 kg N/ha,

Table 4,17: Interaetion between nitrosen retes amd time of
application on erude protein wicld (kg/ha) in

sorghua at Sanaru, 1985,

Nitrogon ratos {kg/hn)

Tine S
30 60 120

A1l 1nsa at emorgenee 271.0 328,.0 367.2

% dose nt B WLS + ¥ at 8 WAS o4 341.4  466.5

A11 doso at 3 WAS 261,6 312,0 31¢.9

£11 dosc at 6 WLS , 274.0 33C.1 310.%

Lsd (0,05) 128,47
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Lo1. Effect of hitrcgen dpplieation Rate on Crain

sSerghur
Nitrogen application had no significant effect on number
of scrghum plants per square metre at maturity or mumber of
panicles per square meire at harvest, Xumber of panicles per
syuare metre was also lower compared to mumber of plants per sguare

metre at maturity.

Sorghum grain yield waz significuntly increased with
application of 120 kg %/ha compared to the 30 ke W ha rate.
Application of 60 and 120 kg “/ha resulted in 18,3 and 214.68%
increase in grain yicld over the 30 kg N/ha rate respectively.
This is in agreement with the findings of Roy and Wright (1973b)j
Shukla and Seth (1976)} Escrainas et al, {1981). Dasuvaraju and
Bomegowda (1982) and Pal et al. {198L), who observed increazses in
grain yield of scorghum with inerease in nitrogen rates buit
contradicts that of 3ader gt al. (1976), whc found no significent
increase inm grain yield with application of 10 - 70 kx §/ha on
sorghum eultivar 'fontinemtal 22081,' The relatively lower
response of sowghum in teyms of grain yield to wvaricus rates of
aprlied nitrogem in the pwesemt study may be'dﬁe te the medium
initial nitrogem status (0.17%) of the soil of the experimental
gite, a cendition that might have resulted from ¢jifthur z long
fallow and/or rrevious cromuing of a 1egumihoﬁs crcp. Lowhin
and Abdullahi (1981), in an experiment ccnducted on sorushum at

Samart, noted that on fields previously cropped with legumes,
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especially groundnuts, up to 100 = 150 kg N/ha may be fixed in

the soil, ~nd even though part of the nitrogen fixed in the soil
nay be leached out of the root zone hefore sowing of sorghun, the
remnining nitrogen cdesuntcly aupplencnts any fertilizer addition

and reasonnbly mects the crop's needs.

Stover vield of sorghum ves significantly increase with
applicntion of 60 and 120 kg N/hn resul ting in 16,8 and 24,5
inerense respectively ovar the 30 kg N/ha rate, This conforus
with the observations of Naphade and Choudhary (1976)y Patil and
Javale (1977): Dahatonde and Adhaoo (1978); Cahlot et al. (1979)3
and Tthnl gt o1, (1980), who hnd reported incronsed in sorghun
atover yields with appliention of niirogen. The higher
percentage incresse attained with stover yiold at 120 kg N/ho
comared to thnt of grain yield suggests o slishtly greater
response of sorghum stover to nitrogon npprlicrtion than did tho
grain yield, Incronse in grain and stover yields resulting fron
the applicntion of higher nitrogen rates were 18 - 22 per cent

rmd 17 ~ 25 per cont respectively.

Weizht of pgrains per panicle increased sigmificantly with
crpliention of nitrngen on sorchum, This ngrees with eand ier
renorts of Tatwavadi a1 Chovdharv (1976) and Bsensines et al.
(1(}81), who obgerved gimilar inerease in weight of greins per

panicle with nitrogen fertilizntion.

Nitrogen arpliention simnifienntly icreased 1000-grain
weight (sced size) in sorghum, Although arpliention of 60 kg
N/ha had no sirnificant offost on 1000=grodn weight in sorshun

relative to 30 kg N/ha, the 120 g N/ha rate resulted in



67
significant increase over the 30 kg N/ha rate. Similar increased
in sorghum 1000~grzin weight with nitrogen application have been
reported elsewhere (Roy and Wright, 1973bs iaphade and Chcudhary,
19763 Fakil and Jawale, 1977; Myers, 19783 Powar et al., 198C;
Basuvaraju and Bommego@a, 1982) and in Nigeria (El-Sabaaje, 1979)
but this result contradicts the findings of Tatwawadi and Choudhary
(1976) and Cgunlela (1983) who found no significant effect of nitpogen
fertilization on seed size in sorghum. %hey claimed that sorghum
grain size is strongly under the influence of genetic control rather

than that of the environment,

Application of nitrogen had no significant effect on weight
per panicle in sorghum, althcugh this variable tended to slightly
increase with increase in nitrogen application rate. This result
conflits with the findings of Tatawawadi and Choudhary (1976);
Powar et al., (1980) and Ogunlela (1983) who observed significant -
increase in panicle weight with nitrogen application., Also, nitrogen
application had no significant effect on grain yumber per panicle
although there was an increase from 2375 to 2684 when nitrogen was
applied at the rate of 30 kg and 120 kg N¥/ha respectively. The
increase in grain number per panicle observed with nitrogen
fertilization may have resulted from an increase in production of
assimilates contributed to grain. This observation partly
conforms with the findings of Shukla and Seth (1976); Tatawawadi
and Choudhary (1976)3 Myers (1978)3; El-Sabaaie (1979); I'scasinas
et al. {1981) and Cgunlela (1987) who had rveported significant
increase in grain number per panicle. The increase in weigsht of
#rains per .panicle with cousequent increase in grain yield of

sorghum may be due to increase« in tre seed size of sorghum and the
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mumber of primary branches in panicle bearing grains, Pal et al,
(198L) have attridbuted the high grain yields of sorghum hyhrids
specifically to their greater number of grains per panicle ccmparzd

to that of local cultivareg which are relatively low yielding,

Application of nitrogen cn sorghum significantly increased
panicle length. 7The longest panicles were obtained with application
of either 60 or 120 kg N/ha, Tris is in agreement with the findings
of Roy and Weieht {1973b)s Patil and Jawale (1977)j Haripiakasrao
(1978) 3 El- Sabaaie (1979); Powar et al. (1980} and Escasinas et al.
(1981) who reported increase in panicle length with higher nitrogen
rates but was contrary tc the findings of Sadar et al, (1976) whe
observed no significant imeregse in panicle length with nitrogen

application on grain sorghum,

Nitrogen application on sorghum had no sgignific2nt effzct on
total lewgth of ear sorghum whatscever, This conflicts with the
observation of Veeranna and Patil (1978) whe had reported signilicant
increase in total length of ear in sorghum with nitrogen application,
Reduction in total length of ear, which is compensated for Ly the
heavy panicles that resulted from the applicaticn of 120 kg K/ha.,
suggested that shcrter and thicker peduncles are required tc
adequately support the heavy hends of sorghum which are lik.ly o
result from heavy nitrogen dressings. /A decrease in peduncle length
in sorghum hybrid (CSH-1) has been reported by Tatawawadi and
Choudhary (1976) but in contrast Xrishnamrthy et.al.(1975) noted

an increase in peduncle length with nitrogen fertilization.

Number of primary branches in panicle significantly increased

from 89 to 92 with application of 120 kg ¥/ha in comparisen to 30
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kg N/hs, Both 60 kg N/ha and 120 kg N/ha rates’Pesulied in
significantly higher number of primary branches in serghum panicle
compared to the 30 kg N/ha rate, Rcy and Wright (1973b) found no
significant effect of applied nitrogen on number of primary branchres
in sorghum panicle, The increase in grain number per panicle may be
attributed to an increase in number of primsry branches in panicle
bearing grains in sorghum with nitrogen fertilization rather thar

from increase in number of grain per primary panicle branch in sorghum,

Threshing percentage, which represents the proportion of total
dry grain weight to total head weight, was significantly increased
from 65.5 to 72.7¢ with applicatien of 30 and 120 kg li/ha respectively.
Application of nitrcgen up to 60 kg N/ha alsc significantly increased
threshing percentage over the 30 kg M/ha rate. Further increase in
nitrcgen rate to 120 kg N/ha agithough resulting in significantly
higher threshing percentage thah the 30 kg /ha rate produced only
elight increase over that obtained with 60 kg li/ha. This may
suggest that increase in nitrogen level from 30 to 60 kg ¥/ha had
~csulted in a proportionately greater increase in grain weight than
in total head weight whereas further increase in nitrcgen level hed

no significant effect on rmumber of grains.

Grains stover ratio was not significantly influenced by
nitrogen fertilization although there was a slight decline as nitrogen
level was increased to 120 kg }/ha, This cbservation corroborates
that of Welch et al. (1966) who had reported decline in grain: stover
r~tio with the application of nitrogen. Application of higher rites
of nitropen on sorghum alsc had no significant effect on harvest

index in scrghum, The sigpificant increase in threshing percentage



70
observed with increasing raite of applied nitrogen may be
attributed t¢ increase in wei-ht per head as a result of
increase in panicle length, number of primary panicle bronches
and seed size in sor-hum while the slight decline in grain:
stover ratic may perhaps be due to the preferential increase in
vegetative growth in serghum with increase in nitrogen rate at
the expense of grain prcduction, With harvest index, it appears
that applicaticn of 60 kg Y/ha was the optimum nitrogen fertilizer
rzte for sorghum hybrid S5SSHS since increase in nitrogen rate to
120 kg ¥/ha, although preducing an increzse in sorghum biomass,
did not result in any appreciable increase in economic yield in

scrghuml,

Plant heisht was significantly increased from 2LL cm to 260cm
application of nitrcgen from 30 kg N to 60 kg N/ha but failed to
increased any further with the application of 120 kg N/ha. This
finding agrees with the reports of Sadar et al., .1976); Veeranna
and Patil (1976); and Escasinas et al. {1981), whc observed increaise
in plant height with application of nitrogen but contrasts with
that of Caya (1975) who observed no significant increase in sorghum

plant height with nitrogen applicaticn.

Stem diameter in sorghum was alsc significantly increcsed
from 2.5 to 2.7cm with applieaticn of 30 and 120 kg N,/ha

respectively. This corroborated the observation by Xrishiamrthy
et al. (1975), who noted that nitrcgen applicaticn on scrghum

rasulted in thicker stems.

Tumber of internodes per plant was significantly increzsed



T1
from 21 to 22 while number of leaves per plant at naturity was
inereased from 22 to 23 with application of 30 and 120 kg /ha
rospectively, Krishnamrthy et al. (1975) and El-Sabaaie (1979)
also noted some increase in aumher of leaves in sorghum with
nitrogen fertilization. mber of leaves obtained weas slightly
higher than number of internodes per plant suggesting that a fow

leaves of the sorghum plant originated from nodes that were

located in the telescoped part of the stem foming the shoot apex.

Flag leaf area in sorghum increased from 161.6cm2 to 204.90::12

with application of 30 kg N/ha and 60 kg }/ha but remained
rolatively unchanged with additional ircrcment in nitrogen
applicagion to 120 kg N§/ha, Increase in flag leaf area may
partly explain the inocreese in grain yield of sorghum obaserved
with nitrogen application since in cereal crops, dry matter
produced in the grain is partly determined by the amount of
assimilate produced after ear emergence for which the flag leal
plays an important role, Rao and Singh (1982) reported that the

contribution of the flag leaf of sorghum to yield wes up to 16",

Numher of davs to 50 per cent flovering was gignificantly
reduced b¥ sbout 2 and 4 days relative to 30 kg "/ha when 60 #md
120 % 1/ha rates were applied prespectively dut no sigaificr=?
effect of nitrogen application vas ohgerved on number of days
to hard dough stame and number of days to -rain filling in s0rgh,
However, increasing nitrogen application rate fron 30 to 120
N/ha increcsed the nupber of days to hard dough atage from 138
to 141 days while the number of days to rrain filling wes

jnereased fron 30 to 36 days respectively, This finding is in
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aggreement with a report by 3oom-impol et al, (1980), who observed

up to 10 days decrease in number of days to 50 per cent flowering
with nitrogen fertilization relative to the unfertilized contrel,
Some other workers such as Shukla znd Seth (1976)., Venkateswarlu
et al. (1977), Haripiakasrao (1978), and Sotemayor-itios and Lugo-
Lopez (1978) had earlier also found that increasing nitrogen
application rate reduced the mumber of days to SO per cent flowering
in sorghum but increased the mumber of days to hard dough stage.
Iteduction in number of days to 50 per cent flowering with nitrogen
fertilization resulted in lonser period of grain filling and

consequently, more assimilates were translocated to the grains.

“itrogen application had no significant effect on the number
of functional leaves of sorghum at 10, 12, and 18 W. 5 except at 14 and
16 WiS, Increase in the number of functional leaves in sorghum would
represent an increase in the assimilatory material and conse uently
an increase in amount of assimilate that is available for translocatinr
tc the grains,

Stalk dry weight in sorghum was significantly increased with
the application of 60 kg N/ha over the 30 kg N/ha rate, Further increase
in nitrogen rate to 120 kg :/ha resulted in significant increase in
stalk dry weight over both the 30 and 60 kg li//ha rates. Application
of 120 kg N/ha resulted in 13,3 and 59.,0% increaseds over the 60
and 30 kg N/ha rates respectively,

Leaf dry weight of sorghum was also significantly increased
with nitrogen vapplication, 3oth the 60 and 120 kg . ha rates
significantly increased leaf dry weight 1n scrghum over the 30
kg 5/ha rate. This conforms with the report of Gupta and Gupta
(1976), who had observed increase in both stalk and leaf dry
weight in sorghum with nitrogen application., The increases observed
in respect ¢f both stem-and leaf dry matter could be asscciated with

the enhancement in growth of the sorghum plant, which resulted from
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improved manufacture of photosynthates.

Panicle dry weight in sorghum was significantly increased
with increase in nitrogen application. Application of 120 kg ¥/ha
resulted in Lli.1 and 15,3 increases in panicle dry weight over
the 30 and 60 kg !i/ha respectively. /s an import nt component of
yield in grain sorghum, the increase in panicle dry weight %hat
resulted from higher rates of nitrogen arplication would likely
account for part of the favourable resnonse to fertilization
shown by grain yield.

Above ground total dry matter productisy was also significantly
increased with inere-sing rate of nitrogen appﬁied in sorghum,
Application of 60 kg N/ha resulted in significant increase in
above ground total dry matter when compared with the 30 kg N/ha rate.
Further increase in nitrogen application rate to 120 kg N/ha also
significantly increased the total dry matter produced relative to
the 60 kg N/ha rate, This observation comforms with those of Roy
and Wright (1973a) and El-Sabaaie (1979}, who observed the highest
total dry matier production in sorghum with the application of 120
kg %/ha. Similar results had been reported by a number of other
workers (Gaya, 1975; Gupta and Gupta, 19763 Waphade =2nd Choudhary 1976,

Although application of nitrogen had no significant effect
on total nitrogen content and crude protein content of sorghum grain,
there was a clear and definite trend of increased nitrogen and
crude protein content of grain with increase in nitrogen avplication
rate, 'This report seems to be in line with the results of delch
et al. (1966), ftoy and Wright (1973a), Caya (1976} and Veeranna and
Patil (1978), who observed significant increase in tctal nitrogen
content of grain with increase in nitrogen avplication rate., Dechev
(1973), Warsi and Jright (1973), Armro et al. (1978 and Mirhadi

et al, (1979), also found significant increase in grain crude
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proteihsdbntent with inecreasce in nitrogen application., Witrogen
application hns also heen reported to increase grain protein
content in maize (Haggnr and Couper, 1972) pad in wheat (Hamid,
1973). In aoﬁghum, an inerense in groin crude protein content from
10.3 to 14.6% have boen roported by liirhedi ot a1, {1980)

when nutrient solutiong having congontrations ranging Trom 17.5 mpn
.to 220 ppn nitrogen were opplicd, Pickett (1969) had stated that
grain protein content of sorghun generally ranges fron 8 to 15

per cont.

o

Grain protein yield of sorghun was significantl§ i£creésed
from 268 to 366 kg/ha with application of 30 and 120 W ¥/ha
respectively. resulting in about 377 higher grain protein yield
" pver that of 30 kg N/ha, Howevor, differunces in toie) grain

i_jprotein yicld resul ting from either Letween 30 and 60 kg ¥/he or
" between 60 and 120 ¥p N/ha was not sigmificmntly statistically.

"Warsi nnd Vright (1073) had remorted ginilar incrsase in total graln

" . protein vield with application of nitrogen fertilizer on sorghum,

The significant increase in total grain protein yield ohsorved is
attributed to the significant incrcase in grain vicld rosul ting
with application of nitrogen rather than fron inecreasc in crude

- protein content of grain per sc.

5e2. Effget of Method of Litromen Application

orn. Grain Sorgshun

 Brondeast nothed of nitrogen fortilizer applieation rosulted
in slightly higher grain yield, stover jield, weight per paantele,
woight of prains por panicle, and 1000-grain weight than the zroovwe

nathod hut no apparent difference was observed with respect to the






