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”G‘rcex;house und ﬁeld c*pcrlmenls \-vcrc conduclcd durmz, thc 2009 and ”O.‘l()- uroxl\"ihg
‘sensons at Botswnna Collc;,e of A;,ncullure to cvaludtc the eﬂlcl of dlfﬁ.n.nt leu.ls of
"mtrogen (N) und phosphorus (P) femhzers on growlh ylcld and v1eld componems ol '
- sor&hum Expenmenlnl trcnlments for bolh grecnhousc und ﬁle L\pmmunl consmt.d,
>of fnclonnl combmuuons -of four mtcs of mtro;,en (N) nnd four rates of - phosphorus (l’

: :_‘mnl\mg, a lotul of 16 trcutmcnts rephcuted lhn.e times. Thc N rates in llu. gn:enhouszl'
o sludy were: 0 100 ”00 -and . 400 l\g N/ha whercns in lht. field c\penmcnl lhc rau.s_'
] ivc_rg dccreascd to' 0 :0 100 150 ng/hu Sxmllarly llu. P m(es for lhc ;:rcenhousc
sludy '\‘vcre'v()y 56 100 and 150 kg, P/ hu whercas m the field lhe ralcs \\CTLA .
dccreased o 0 125 75 and 37.5 KgP / ha Appllcalxon ratcs of 100, ”00 and 400 kg,fg
;“N hn ~in¢ t.he ;,reenhouse mgmﬁcunlly nffectcd plnm hcu,ht blomass, mlrog,un conle
‘f.'und protem content as: compnred lo Ong hn whllsl apphcauon ralcs ul 30 l()()".:
‘und 150 kg P hul 'affected plnm heq:ht ‘humber of lcaves, blomnss nnd phosphorusl j'-

contem of sor;,hum s:gnlﬁcanlly Intcmcllon of nmog.n und phosphorus Eavc s:gmf czml :

 : results m plunt heu,ht nnd blomnss I'rom lhe g:rcenhousc e\(penmcnl i a8 \ms

. concluded thnt nppllcuuon of N nnd P femhzer m(.rcase w.lds of " sorg\unl "ﬂns-f

»“:QU},},LSl thnl farmers can. upply fcmllzcr when g,rowmz, sorl,hum lf thls rusr.arch ls‘

repcated rescarchcrs should nllow sorghum lo produce &mm 50 as lo i' nd oullf lhc‘

)’ICld wnll be su,ml‘ cuntly dlﬁ'erent between thc comrol N nnd I’ upphcauon mlcs B



.'ln lhe field c‘(penmcnt N had 1o su,mﬁcnnl effecl on grain yu.ld biomass, \\ught of
IOOO seed root welglu, number of tillers per plant and flag leaf area. llom.vc.r.
. mt.reusm5 N from 0 to 50 l\g,/hn mcn.ascd grain- yield, head wught and ussuc N
; content were sngmfcnnlly nffected by upphcutxon of N. Field e\penment dxd not- proddce
B ;l‘sub_mfcam results in most . pammeters mensuredllowevcr it is rccommended lhm m;
”rate of 30 l\g N ha”! be recommended 1 farmers in- lhexr ﬁeld since it mcreased ;:mm
“'ylclds Thxs research needs to be carried out in dlﬂ'erenl arcas of Bots“ana beenuse

P _th_'e seil in _Sebele is dlfferent from lhe soil. in other arens of Bolswanaf"

. ; ln lhe ﬁeld s;ame resulls were obtmned wnh the clTect of phosphorus. Therc \\Lre ‘no '
srgmf'cant effect on gmm yleld blomuss wex;:ht of 1000 seed, numbcr of ullers per

‘ plant seed protem comem leaf nitrogen and phosphorus content . However, root \\elghr
:>nnd leaf area’ were sngmfcanlly affected by apphcunon of D ’ Gmm )xeld mcrcusedi“

. ;whed P was mcreased to 75 l\g,/ hn therefore it is recommended that fnm]ers should

:i'use 2: k;_J hn in thelr ﬁelds.

RN - . 1.
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" ‘CHAPTER: ONE- "~
10 INTRODUCTION

1.1 Gcn‘crul“introduction, .

;viSorghum (Sorglmm btcolor (L) Moench) is an lndlgenous Afncun cereal grown mnmly for humun
consumptron In Wesl and Centml Afnca lhe gram is grounded m(o ﬂour and used lo make !hlck or "
_‘_'/_tlun porndge (Bellon und Toylor 2007) Sorghum flour is mu\ed with. water and nllom.d !o ﬁ.nncnt |
vfor '74 hours before bemg uddcd to the bonhng water und cooked f'or consumpuon lt is an 1mpormnt‘
?ﬂ food crop in Bolswnnu (Bothng nnd Elsener, 198!) Elsener (1977) reponed m a survey of lhc :
: _:,Southem nnd Soulhcustem Dlsmcls of Botswunn thnt 96% of the peoplc mlemewed mdlcaud lh'u
i'-_lhcy Lul sorghum Of these 89% eat’ n dzuly and the olher 1 1% eat rt two io lhree umcs wr.ekl) ll
:..'v_'."also plnys a mnjor role in lhe beer mdustry The g gram is gemunuted dned and grounded to fom\lr”
‘f“‘;kmnlt whlch is used us o substrntum for fermentmmn m Iocal beer producuon (Balolc und Le;_.,\\mlu ;
5'_‘:‘-:."006) Belton und Tuylor (2007) explmned thnt in Burklnn Fnso Ghnna, Mu[l ngcrm nnd 'logo'

: E tmdrlxonal beers urc brewed wuh sorghum mnlt. Slmllurly m Bolswnnu tmdmonnl bccrs (chlbul\u)
o ore brewcd from sorghum

. e B

Sorghum |s nlso nn lmpormnt crop to hvestock as_ 1! 1s uscd as feeds In other coumncs lll\c

Amenca nnd Austmhn, sorghum 1s used as zm lmponnnt fecd gmm and as u fodder crop 'I'hc plunt

o slcm cxm be chopped for snlnge or fed to ummnls (I louse ]985) In developmg counlncs, lhc lcm cs;

‘ : and stcms are used us burldlng mnlenuls ond us fucl for cookmg (Chunmreuu und Nrcou ]994 )

Sorghum (Surghmn brcolar (L) Moem:lx) is grown bysubsrslence furmers in much of scmr ari

oreas (Doggett 1988) ln Botswnnn, sorghum 1s plnnted by bolh subsrstencc nnd commcrual .

o fnrmers In 2003 subsnstence und commcrcml farmcrs plnnlcd 39 187 hn ol‘ sornhum und oblmnedf"}:




"3 300 melnc tonncs of gmm yn:ld (Annual Agncullural Survey chon 7003) Thrs shows lhul '
sorghum ynelds in Bolswana are  Jow. It seems luck of sorl I‘emhzatmn is one oflhe fuclors hman
|elds of sorghum in Botswnna Furmers in Bolswzmn do not apply fcmhzcr whcn pluntmg sorghumw
and tlus resulls in low yreld Nrtrog,en (N) nnd phosphorus (P) are the mnjor elemf..nls requlred b)'
. the crop m lurg,c umounts However de[‘ cxenclcs of N nnd P in sorl of Botsmmn are common. Thls'_
l'def' clenmcs mlght bc caused by leachmg of N the facl that sorls in Bolswanu Iack P sorl uosnon
und removul by crops The usc ofN und Pis extrcmcly lmponunt rfhlgh ylcld are lo be achlcvcd in

i'armer s ﬁelds

j kSeveral fertlhzer trlals hnve shoum thnt P nnd mtroéen N femhzers can srgmf cantly increasc ylelds
iof sorghum m Botswana Depnrtment of Agnculture Rescarch (DAR, 1977) rcponcd lhnt n
.comblnauon of N und P femhzers were necessury to obtum mmumum yxelds Elsewhcre, n has chn_. v
jshown thut N and p can 1ncrease yreld Ashlono etal, (2005) reponed thut in Kcnya 9 tonnes / ha of V

-1

rsorghum gram yreld were ach\eved when npphcauon rates of 40 kg N h nnd 70 kg P ha wcrehf

: 'mnde Thls shows thnt yrelds of sorghum m Botswnnn can be mcreased to compnrc \\L“ \vuh ;

.'.;ylelds obtnmed m other countncs Thesr.. low yxelds of sorghum in Botswann an: probubly}

ussoc ted wnh mappropnn(c apphcatlon rntcs and mclhods In Botswnna thc rccommcndcd

phcntnon rale of N is 75 kg of lee ammomum Nurate (LAN "8 % N) or 30 l\g of Urca (46

vhxch is cquul to 18 kg P / hu These rccommcndutrons are dcemcd to be ]ow lhcrcfon: a mucw of

o thls rccommendutlon nnd dctermmnlwn of corrcct npphcatron rntc of N ﬂnd P m BOlS“‘mﬂ IS .

essemml bccause cl-"ngm[, ralnfall pnttcm und temp r v‘"’e due to Global _ v




12 .lusTnu"cA;rlen oir's'T"un\"{_ L

: Due o lncreasmg humun populauon, the dernnnd for food hns m(.rensed but food produchon in
"’.Botswann is ]ow Botswzmn is fnced with u chullcn;_.,e of mcrensmg, food producuon s0 thnt the
country muy be sclf-relmnt in food supply St.lf-n.lmnce of food supply w1]l rt.mmn a drcam if
"’",j::'lBatswnna fnrmers neglect 1mprovement of soil femhty Resenrch work done outsndc Bots“anu
mdlcutes thnt hl[,h sorghum yleld can be obtamed wnh N nnd P npphcatlon l\npour et al. ("008)
: ;jreported thnt compound femhzers thut contmn hl[:h conccntratxon of N nnd P produccd hlg,hcr
: sorghum gram yxeld and stmw yleld Around the 80 s m Botswnna DAR hns also conducted
ol studlcs in the area of sonl fertlhty and they have reported that combmauons of NP and NPK mcru]se
v ylclds Rccommended upplxcutlon rates were sugg,ested but they need venl‘ cnnon bccnusc these are
.' old nnd not eﬂ’ectxve becuuse oi‘ chmatxc changes as grum yxeld in other countnes is morc thnn g:ram

yleld in Botswanu.

'I'hts cnlls for rescnrch on the use of chemxcul femhzcr asa meuns of lmprovm;, sm] I'crtlhty : ll has .
been shown thut an |mporttmt menns o{’ mcreusmg food supphes IS through the usc of chemleul ;
errtlhzcrs N und P femhzutlon ls an lmportunt component ofsonl munngemcnt Sonls of Bols“.m.x

Y are defcxcnt in. mtrogcn nnd phosphorus Ihgh sorghum yleld can bc uchxeved lf the sml arc m.ll'

managed hence tlns study wns destgned to- evnluntc the rcsponse of sorghum to N nnd P{t‘ the

"{f“flyplcal Botswanu sotl G




1.3 OBJECTIVES.
; 'The 6bjccti've of the st’udyﬁ'\'vas; :
Lo 1 To evaluute the effects of N nnd P appllcatmn on growth yxcld and ylcld componcnts ol'

sorg,hum

2. To dctermmt. lhe t.ﬂ'ecls of mlemcuons of N nnd P on: growth yleld and yu.ld

k components of sorghum S :




¢ CHAPTERTWO = - o
" 20 LITERATURE REVIEW

N 21 Yegerilfivc morpl'lol‘ogy.'ofsorghum

Sor;,hum bclonz,s to the fnmnly poaceae Most mcmbers of tlns famlly are grasses. Sorghum Ars an "
annuul gruss whlch can grow up to 4 m mll wnh one lo muny ullers The hllers are mﬂut.need bv :
- ‘ .crop vnnety, plnnl populntxon und sonl femluy Sor;,hum varies grcatly in hexghl The hen[,lu is -
1".';'dependent upon lhe number of nodes wluch equals the number of leaves produced The leaves on"'
:lhc mum stem vury in number uccordm;, to vanety The mature lenvcs may reach lengh of’ 30 - 135 ”

e cm, and \Vldlh between l 5 nnd 13 cm at the w:dcst pomt (Doggctl ]988)

;";_"2_2 Chemlc.xl : _tilizer§ und.s_'(\')_rgh_ulh: < L

.“;_“Nllrog,cn (N), phosphorus (P) und potussmm (K) are the essentml elemenls nqunred for plnnl g,romh _
. ,,\ ’

ln relallvcly lnrgc nmounts DeF c1enc|es of N nnd P are common in sonls in Bolswana then.bv )

- rcducmg, ylelds of sorghum t has becn found that increase. in yxeld is based on com.cl apphc:mon'

#_,‘melhods, hme of_npphcatlon ond mte of nppllcauon of femhzer (Bel(on and Taylor ‘300")

chhzers can bc upphed ns smgle or compound fenlllzers Compound femhzcrs are belter becausc -

hey supply plants wnh more thnn one nutru.nt usually N P nnd K. Murly et aI ( 1994) reponed lhut:} E

. compound femhzers‘such as NPK contmmn[, the lhree mnjor nutnents m the correct mtm should be‘

- _mcorpora(ed mto the sonl as bnsnl uppllcnhon pnor lo sowmg to mcreuse ylclds of sorghum S

are’ vannuons 'ln response of sor;,hum to chcmlcnl femhzcrs The t)pe und quunmv ol_'



genotype. initial soil fertility status, soil pH, moisture and plant density. Muny er af (1994) reported
that the quantity ol nutrients required increases with increasing plant density as there are more

plants competing for available nutrients.
2.3 Effect of N and P on growth and development

N is important in the formation of proteins, nucleic acids, and synthesis of chlorophyll in sorghum
plants (Murty er. al., 1994). Lea and Gaundry, (2001) explained that abundant N supply increases
the number of meristems produced by sorghum plants and their growth thus encouraging shoot
{branches and tillers) formation and growth. Amed er al. (2007) reported that exposing sorghum
plants to N stress at any phase of its life cycle might lead to detrimental effects on growth, yield and
its components. The deficiency of N results in stunted growth, chlorosis of lower leaves as N is
translocated to newer developing leaves. Yellowing proceeds from the leaf tip and spreads to the

base and then to the leaf margin (Murty ef al., 1994), (Tisdale es al., 2005).

In sorghum plants, P has a major role in energy transfer, cell division. formation of fat and root
development. The energy obtained from photosynthesis and metabolism of carbohydrates is stored
in phosphate compounds- for use in growth and reproductive processes (Tisdale er al.. 2005). In
cereal crops, P enhances crop maturity, increases straw strength and reduces the time required for
grain ripening. The deficiency of P is characterized by delayed maturity, reduction of harvest

index, and poor development of the root system, stem and leaves (Murty er al., 1994).
2.4 Effect of N and P on grain yicld and yield components of sorghum

Application of N increases dry mater yield, grain yield and grain N content (Roy and Wright 1972},

These researchers reported that application rate of 60 kg N ha™! increased grain yield and grain N
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plants competing for available nutrients.
2.3 Effect of N and P on growth and development

N is important in the formation of proteins, nucleic acids, and synthesis of chlorophyll in sorghum
plants (Murty ef. al., 1994). Lea and Gaundry, (2001) explained that abundant N supply increases
the number of meristems produced by sorghum plants and their growth thus encouraging shoot
(branches and tillers) formation and growth, Amed er al. (2007) reported that exposing sorghum
plants to N stress at any phase of its life cycle might lead to detrimental effects on growth, yield and
its components. The deficiency of N results in stunted growth, chlorosis of lower leaves as N is
translocated to newer developing leaves. Yellowing proceeds from the leaf tip and spreads to the

base and then to the leaf margin (Murty er al., 1994), (Tisdale ef al., 2005).

In sorghum plants, P has a major role in energy transfer, cell division, formation of fat and root
development. The energy obtained from photosynthesis and metabolism of carbohydrates is stored
in phosphate compounds for use in growth and reproductive processes (Tisdale e al.. 2005). In
cereal crops, P enhances crop maturity, increases strow strength and reduces the time required for
grain ripening. The deficiency of P is characterized by delayed maturity, reduction of harvest

index, and poor development of the root system, stem and leaves (Murty et al,, 1994).
2.4 Effect of N and P on grain yield and yield components of sorghum

Application of N increases dry mater yield, grain yield and grain N content (Roy and Wright 1972),

These researchers reported that application rate of 60'kg N ha! increased grain yicld and grain N




content over the control. Phosphorus applied at the rate of 26 kg P ha™' increased dry matter vield

and grain yield over the control, however, N content of the grain was unaftected by addition of P.

According to Ashiono er al. (2005). N and P levels beyond 40 and 30 kg ha™' respectively did not
increase plant height, seed weight, crude protein and grain yield. The highest sorghum grain yield
was atigined at combination of 40 kg N hat and 20 kg ha! P,05. Optimum crude protein wis
obtained at 20 N and 30 P kg ha'. However, other researchers found lower grain yield of sorghum

at similar N application rates (Buah and Mwinkaara, 2009).

Nitrogen deficiency can result in reduced dry matter production and grain yields. Sorghum responds
to applied fertilizers and can increase yield by over 50%. Sorghum responds more to fertilization on
soils with low fertility than on soils which are highly fertile. Recorded yields ranging between 20 kg

and 40 kg of grain per kg of applied N have been reported by House ( 1995).

Response of sorghum to N and P application rates may be affected by water stress. Khalili e al.
(2008) working on sorghum under limited irrigation and phosphorus found that by limiting water
and phosphorus fertilizer, grain yield will decrease. Least yield of less than 500 kg/ha was achieved
during severe water stress and sole ammonium phosphate (250 kgha). The highest grain yield of
7000 kg/ha was obtained from the control irrigation treatment (no drought stress) when biological

phosphorus fertilizer was applied along with 50% of the required ammonium phosphate.

Ogunlela (1988) investigated growth and yield response of dryland grain sorghum to N and P
fertilization. The results showed that grain and straw yields and yield components were enhanced by
N fertilization. N and P enhanced grain weight per head, grain number and tillering significantly.

Almodares ef al. (2009) found significant increase in biomass yicld due to application of nitrogen.



In Botswana, Department of Agriculture Research (1977) reported that fertilizer combinations
increased yields of sorghum. Application of hoth N and P ( at 50 kg / ha cach ) produced the
highest grain yield of 1424 kg/ha followed by NK with 1403 kg/ha suggesting application of N und

P together was more effective than single fertilizers,

Grain yield response of sorghum may be affected by the methods of fertilizer application. Reddy er
al. (2008) concluded that for obtaining maximum yields in sweet sorghum, an optimum dosage of
64 N ha™ (half as basal and half as top dressing) can be applied. Highest grain vield of 8.53 1 ha

was obtained when N was applied as basal and top dressing.

Akram et al. (2007) evaluated the growth, yield and nutrient uptake of sorghum in response (o
intergrated P and K management. The results indicated that P enhanced the crop growth, yield and
nutrients uptake more than K and the best results were observed with their combined application.
The effectiveness of N and P on sorghum grain yield may be further enhanced by farm yard manure
(FYM). Alemu and Bayu (2005) studied the effects of farmyard manure and combined N and P
fertilizer on sorghum and soil characteristics in Northeastern Ethiopia and found significant grain
yield increase when FYM was applied with mineral fertilizers as compared to application of FYM
alone. Combined application of FYM and mineral fertilizer significantly increased stover yield and

panicle weight.

The relationship between N supply and dry matter accumulation of sorghum  has been reported by
Nemeth (2002). The researcher reported that N increased dry matter and grain yield of sorghum.

The highest dry matter yield was obtained at an application rate of 240 kg N ha™.



2.5 Effect of N and P on grain protein content of sorghum

Protein content of sorghum is influenced by the efficiency of N uptake and translocation to the seed
than by the level and form of N applied to the soil (Hulse er af., 1980). N uptake and transter
efficiency is affected by the time of fertilizer application, rainfall patterns and soil moisture.

Nitrogen fertilizers produce o higher grain yields than a higher grain protein content.

Murty er al. (1994) explained that N plays an important role in synthesis of grain protein of
sorghum seeds. Synthesis of protein in sorghum depends on uptake of soil N. According to Hanna ¢t
al. (1999), application of N fertilizer increases the seed protein content of cereals. Application of N
fertilizer increased seed protein content by 64 % greater than the control. Amed er al.  (2007)
found out that nitrogen affected the protein content of sorghum. There were significant differences
in protein content in response to N fertilizer sources. Highest protein content was obtained with
ammonium sulphate than with urea. Similar results were obtained by Almodares et al. (2009) who

reported that N increased protein content of sorghum significantly.

2.6 Effect of soil type on response of crops to N and P

Hassan et al. (1972) reported that soil with high salinity decreased dry matter production of cereals.
Uptake of P, K Ca, Fe and Cu was decreased by high salinity level while uptake of Mg, Zn, Mn,
and Na increased with increase in salinity. Macronutrient and micronutrient availability are affected

by soil pH. In slightly to moderate alkaline soils, molybdenum and macronutrient (except lor
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phosphorus) availability is increased. Dissolved N will have the highest concentrations in soil with
PH 6 - 8. Concentrations of N are less sensitive to PH than concentrations of available P. In order

for P to be available for plants, soil PH needs to be in the range 6.0 - 7.5 (Soil survey division stafT
1993).



CHAPTER THREE
3.0 MATERIALS AND METHODS

3.1 Experimental site

Greenhouse and field experiment were conducted at Botswana College of Agriculture located at
Sebele in Gaborone, Botswana, from 2009 to 2011 to evaluate the response of one variety
(segaolane) of sorghum to N and P. The experimental site (Sebele) is situated at latitude 24"33 §
and longitude 25 *'54 E and has altitude of 994 m above sea level. The climate in Sebele is semi-arid
with an average rainfall of 538 mm (Berker and De Wilt, 1991). Summer rainfall start in late
October and continues to March / April. Soils are shallow, with ferruginous tropical soils, mainly
consisting of medium to course sand and sandy loam. Soils with low water holding capacity and
subject to crusting after heavy rains. These soils are deficient in P and low levels of N and organic

matter.

Prior to both experimental set up, soil samples were taken from the field for physical - chemical
analysis. Soil used for greenhouse experiment was collected from a field at  Molepolole.  Soil
samples were taken with the aid of a spade at an intervals of 5 m across the field at a sampling depth
0f 0.15 ecm. The soil samples for all units were mixed into one composite sample. The soil was air -
dried and screencd through a 2 mm sieve. A subsample was taken to characterize the soil physical -

chemical properties.
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3.2 Characterization of soil used in the experiments
3.2.1 Particle size analysis

The particle size analysis was determined by the hydrometer method as described by Gee and Or
(2002). The procedure followed were that 50 g of soil was weighed into plastic bottle to which 25 mi
of cologne (sodium hexametaphosphate) and 400 mi of water were added. The soil was shaken on a
mechanical shaker. The soil suspension was transferred to 1 litre cylinder and diluted to the mark
with tap water. The suspension was stirred and one hydrometer was inserted 10 1ake the readings at
the following time intervals. The first reading was taken after 4 minutes and 48 seconds to

determine silt and clay. A second reading was taken afier 5 hours to determine clay.

3.2.2 Organic matter determination

The organic matter of the soil was determined by the dichromate oxidation method as described by
Nelson and Sommers (1982). One gram of finely ground sample was weighed inte 250 ml conical
flask to which 10 ml of potassium dichromate (K2Cr207) solution was added. The flask was swirled
to disperse the soil in the solution and 20 ml of concentrated sulphuric acid was added and then
mixed with the soil. The flask was allowed to stand for 30 minutes to cool down before adding 200
ml of water. The soil suspension was filtered through Whatman No. 1 paper and titrated with 0.5 M
ferrous ammonium sulphate solution (NH:SO4.FeS04.6H;0) using ferroin as an indicator. The

organic matter in the soil sample was calculated by multiplying organic carbon by 1.72 (Nelson and



Sommers, 1982). The organic carbon in the soil was calculated as: (meyg of CrQs_-_meq_le-

NI4-S04) * 4

weight of soil sample

3.2.3 Soil pH determination

" . i . . . . . . <

The soil P was determined using CaCly solution method. 10 g of soil was weighed into a 50 ml
beakers and 20 ml of 0.01 CaCl; solution was added. The solution was stirred  with glass rod and
the soil suspension was allowed to stand for 30 minutes. Soil pH was determined by immersing the

glass electrode (model - Hanna pH 210) into the settled soil suspension.

3.2.4 Electrical conductivity (EC)

The EC of the soil was determined from saturated paste extract using conductivity meter. To 10 g of
soil weighed into plastic cups, 30 ml of water was added. The mixture was shaken for 40 minutes
and allowed to settle until extract was clear. The EC was measured by conductivity meter, model

cybersan CON 1500.

3.2.5 Cation Exchange Capacity (CEC)

The CEC of the soil was determined by the acetate ammonium solution method Rhodes (1982).
The soil was leached with ammonium acetate at pH 7.0 to remove exchangeable cations from
exchange sites and to saturate these sites with ammonium ions. The exchangeable ammonium  was

removed by the vsual Kjeldal distillation and titration as described by Mulvaney (1982).
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3.2.6 Available phosphorus

The available phosphorus was determined by the Bray ~ 1 method. To 3 g of soil added 10 50 ml
extracting cups, 30 ml of Bray extraction solution was added and then stirred for 40 seconds. The
suspension was filtered through whatman No | into dry clean plastic cups. 5 ml of the extract and of
the standard solution was pipetted in a 50 ml dry clean plastic cups. 20 ml of the colour developer
was added to both the extract and standard solution. The absorbance was determined using UV
spectrophotometer. Calibration curve was drawn and the concentrations of the samples were read

from the graph.

3.2.7 Determination of total nitrogen

Total N was determined by digestion of soil in oven. Fine ground sample was weighed into
digestion tubes. Two blanks and reference samples were included. To each digestion tube containing
soil sample, blanks und reference sample, 20 ml of concentrated sulphuric acid (H2SO4) was added
to the tubes. The tubes were placed in the heater and heated for 1 hour at a temperature of 200 0C.
After one hour the tubes were allowed to cool and 4 ml of hydrogen peroxide was added and the
tubes were heated at a temperature of 330 °C until the soil suspension was clear. The tubes were
allowed to cool and 10 ml of distilled water was added to the tubes. Nitrogen in the digest was

determined by the kjeldahl distillation method described by Mulvaney (1982)
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3.3 GREEN - HOUSE EXPERIMENT

Greenhouse experiment was carried out ot Botswana College of Agriculture  using sandy soil
collected from Molepolole village. This pre- experiment was done to study the effect o N and P on

sorghum under controlled condition before trials were taken to the field.

3.3.1 Experimental design and treatments

The experimental design for this experiment was a completely randomized design with three
replications. The treatments consisted of a factorial combination of four levels of N ( 0. 100, 200
and 400 kg N ha™' ) and four levels of P ( 0, 50, 100 and 150 Kg P he'"). (4x4x3). Urea was the source
of N while the source of P was single superphosphate. The appropriate rates of N and P were
thoroughly mixed with 10 kg of soil on a clean bucket and returned to the polythene bag. Ca, My K,
Zn, Cu and Mn were dissolved in water and applied to all pots to make the soil rich in other
nutrients that are needed by the plants. The pots were watered to field capacity and allowed to
equilibrate for 24 hours before sowing. The composition and application rate of nutrient solution are

given in Table la.

3.3.2 Planting and management practices

Twenty four uniform size sorghum sceds of the Segaolane variety were sown in each polythene pot
and later thinned to eight plants per pot after germination and seedling emergence. Watering was

done regularly to alleviate any possible water stress on the plants.



3.3.3 Data collection

The plants were harvested afler 35 days of the growing period. Plant height was measured from
ground level to the tip of the longest leave with the aid of meter ruler, the number of eaves were
counted. Before harvesting, the soil in the pot was watered to make it easy to remove the plants with
their roots. During harvesting, three plants were cut and taken to the laboratory for measurement of
the following parameters: dry matter weight, nitrogen content, protein content and phosphorus
content. The plants were oven- dried at a temperature of 72 OC for 24 hours to determine their dry
matter weight. Afier determining dry matter weight, the plants were grounded and then digested for

analysis of nutrients composition.

3.4 Methods used for plant analysis to determine plant nutrients
3.4.1 Determination of N and P in plant shoot

N and P in plant shoot were determined by digesting plant in an oven. 2.5 g of grounded plants was
weighed into digestion tubes, two blanks were included. 20 ml of concentrated sulphuric acid was
added to the tubes. The tubes were placed in the heater and heated for 1 hour at a temperature of 200
OC. After one hour the tubes were allowed to cool and 4 ml of hydrogen peroxide was added and the
tubes were heated at a temperature of 330 C until the mixture was transparent. The tubes were
allowed 1o cool then the digestion materinl was transferred to 200 ml volumetric flasks. The
volumetric flasks were then made to the mark with distilled water. Nitrogen in the plant digest was
determined by the kjeldahi distillation method (Mulvaney , 1982) while phosphorus in the plant
digest was determined by Morphy and Riley (1962). The plant tissue protein was calculated os % N

in tissue multiplied by 6.25 ‘(Joncs 1941).




Table 1a : Source and amount of micro-nutrient added to the soil used in the greenhouse

before planting

Source Nutrient Rate (pg g-1)
q
CaCl, Ca 550 i
MgSO, Mg 820
K2SO4 K 125
ZnSO4.7H;O Zn 10
CUSO4.71'120 Cu 4
MnS0,.7H:0 Mn 25




3.5 FIELD EXPERIMENT
3.5.1 Experimental Design

The experimental design for this study was a factorial combination of 4x4x3. laid in a randomized
complete  design with three replication. The treatments for this experiment were factorial
combination of four application rates of N ( 0, 50, 100 and 150 Kg N/ha) and four application rates
of P (0,125, 25 and 37.5 Kg P/ha). The source of nitrogen was Urea (45 — 46 % N) while

phosphorus was applied in the form of Single Super Phosphate (10.5 %).

3.5.1 Land preparation and fertilizer application

The land was ploughed, harrowed and finally leveled then plots were demarcated. The size of the
plot was 4 m by 4m. Planting rows were made with intra row spacing of 75 cm and inter row

spacing of 30 cm. Three seeds of segaolane were placed at a depth of 5 cm at each planting station.

Phosphorus was applied at varying levels according to the experimental rates. Nitrogen was
applied in two equal doses. One half’ of the proposed application rates was applied with phosphorus
during planting and another half was applied at 30 Days Afier Planting. All fertilizers were placed 5

cm away from the plant rows.
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3.5.2 Management activitics

The plots were irrigated during the first two weeks after planting to increase  germination. After
scedling emergence  irrigation was stopped and the plants were rainfall dependent. Al other
management practices such as weeding, cultivation and pests control were done regularly to provide
conducive environment for sorghum plants. One person was employed to chase birds which were
coming in large numbers to the plants. Heads of ten plants from each plots were covered with a
brown paper to reduce yield loss due to birds. After five weeks, number of tillers were counted and

all tillers were removed to reduce competition for nutrients with the main stem.

3.5.3 Data collection

Data collection started afier all doses of fertilizer ( nitrogen and phosphorus) were applied. Total
dry matter was determined after plants reached maturity stage. The above ground plant parts (stems)
were harvested, chopped into small pieces and oven dried at a temperature of 60 - 70 C for 24
hours. Dry matter was taken from eight sorghum plants. Leaf aren was measured using a leaf area
meter. Ten plants were chosen from all plots and the third leaf from the top was sampled to

determine their area.

When analyzing for mineral content, (N and P) the flag leaves were harvested during flowering.
The leaves were oven dried at o temperature of 72 %C for 24 hours and then grinded using grinding

machine. They were digested and analysed for N and P.




3.5.4 Final harvest

Head harvesting was done at 112 days after planting and this was the time when the grain was
fully mature and dry. Plant heads were separated from the stalk using knife and they were placed in
brown paper. Ten heads were weighed and averaged to determine the average weight of a head. The
heads were threshed manually and winnowed. All grains were kept according to their treatments and
weighed to determine grain yield. Average yield per heads was converted to yield per hectare by
multiplying plant population per hectare by the average yield of one head. The formula below was

used to determine plants per hectare.

Plants per hectare = 10 000 sq m / plant spacing in sq m

One thousand seeds were counled and weighed to determine their weight. The seeds were
grounded, digested and analyzed to determine the protein content of the grains. Methods for
digestion are explained in greenhouse experiment. Grain protein were calculated from the percent N

concentration in grain multiplied by a conversion factor of 6.25.

3.6 Statistical analysis

The analysis of variance was carried out using general lincar model (PROC GLM) procedure of
Statistical Analysis System (SAS Institute, 1996). All statistical comparisons were made at thea =

0.05 probability level using the orthogonal contrast.




CHAPTER FOUR
4.0 RESULTS

4.1 Physical and chemical properties of soil use for experiments

The sclected physical and chemical properties of soil used in the green house and field
experiment are presented in Table 1 b. The soil used for the green house experiments and field
experiments were slightly acidic with pH of 5.2 and 6.3 respectively. Analysis of soil showed
that soil used for green house study was 92 % sand and of soil used for field experiment was 78
% sand. This indicates that soil used for green house experiment was a pure sand while soil
used for field experiment was sandy loam. Both soil used in this experiment were low in
organic matter, available P, and other micro — nutrients. The soil used for green house study
was low in total nitrogen (158.48 Kg/la) while soil used in field experiment contained 580.00

kg/ha of nitrogen.




Table 1 b: Selected physical and chemical properties of soil used in greenhouse and field

experiment

Properties Green house soil Field experiment soil T
Sand 92 % 78 %

Silt 3% 5%

Clay 5% 17 %

Ph (CaCly) 5.2 6.26

Organic matter 7.36 p kg 720 gky!
Avaijlable P 2.04 kg /ha 8.60 Kg / ha
CEC 1.68 ¢ mol kg 2.81 cmol kg!
EC 0.157 ds/m 0.682 ds/m
Available N 158.48 kg / ha 580 kg/ha

Ca . 924.0 cmol kg™
Mg 74.4 cmol kg 19.2 emot kg”!
Na - 12.2 cmo! kg™
K 10.3 cmol kg 44.6 cmol kg

4.2 The effect of N and P on growth components of sorghum
Plant height

The effect of N and P fertilizer on plant height of sorghum grown in the greenhouse is
prescmcd in Table 2. The results show that lhé application of N and P fertilizer significantly
(P<0.05) lncn.nsud the height ot sorghum plants compdnd to the control. All apphcutmn levels

of mlrop,cn und phosphorus rcsultcd in plunt hclght lhut was higher than that of the cunlrol The




highest plant height of 43.91 cm was achieved in application rates of 400 kg N ha'.
Application of phosphorus at the rate of 100 kg P ha™* gave the highest plant height of 49.46 cm
followed by 150 kg P ha™' with 49.45 cm. Plant height between application rates of 100 kg P ha'
"and 150 kg P ha” was almost similar but higher than the plant heights obtained in the rate of
50 kg P ha™' and the control. These results also showed that plant height had significant linear

and quadratic relationships at all levels of N and P.

Number of leaves

The different rates of N fertilizer did not significantly affect the number of leaves of sorghum
plant grown in the greenhouse (Table 2). However, all application rates of P fentlizer
significantly (P<0.05) increased the number of leaves per plant over the control. Highest
number (7.04) of leaves was produced by an application rate of 150 kg P ha'!, this number of
leaves was higher than the control number by 2.71 leaves. Number of leaves obtained in

application rate of 50 kg P ha™' and 100 kg P ha™! were similar but higher than the centrol.

Biomass

Application of N and P fertilizers significantly (P<0.05) increased sorghum biomass over the
control (Table 2). The highest biomass of 2.11 g (0t 5 weeks after emergence) was produced
by the application rate of 100 kg N ha™! and this was higher than biomass yield obtained in the
control, 200 nnd 400 kg N ha”. The biomass obtained in application rates of 200 and 400'kg N

ha” were.similar. In P fertilization, application rates of P produced biomuss that was




significantly (P<0.05) higher than that of the control. The highest hiomass was achieved in
application rate of 100 kg P ha™'. These results also showed that biomass had significant lincar

and quadratic relationships at all levels of N and P.

4.3 Effects of N and P fertilizers on protein, nitrogen and phosphorus compuosition of
sorghum

Nitrogen and protein content

The effect of N and P fertilizers on plant nitrogen and protein content of sorghum plants grown
in greenhouse is presented in Table 2. Application of N fertilizer increased plant nitrogen and
protein content over the control, the results were significant at P<0.05. Highest plant nitrogen

content of 2.9% and protein content of 18.25% was achieved in application of 200 kg N ha't.

P fertilization did not significantly affect plant nitrogen and protein content of sorghum plants.
However, plant nitrogen and protein content were slightly higher than the control at application
rate of 50 kg P ha! and 100 kg P ha''. There was a positive linear relationship between N levels

and nitrogen and protein content of the plant.

Phosphorus content

All application rates of N fertilizer did not signiﬁcanﬂy affect P content of sorghum plunts
(Table 2). However, the highest P content of 1.61 ppm was obtained in the application rate of

200 kg N ha™.




Application of P increased phosphorus content of sorghum plants significantly (P<0.03) above

the control (Table 2). Highest P content of 1.71 ppm was recorded with an application rute of
3 . -l > ‘oo o - .

150 kg P ha™ and the lowest P content of 1.04 ppm was observed from the control. There were

also significant linear and quadratic relationships between phosphorus in phosphorus content of

the plant.

Table 2. The effect of nitrogen and phosphorus fertilizer on plant height, number of leaves

per plant, biomass per plant, nitrogen , protein and phosphorus content of sorghum grown in
the green house.

Treatments Plant Number | Biomass | %Nitrogen | %Protein | Phosphorus |
height of per Caontent
(cm) leaves plant(g) (ppm)
per
plant
N level
{kg N ha™
0 32.17 6.08 1.31 2.06 12.89 1.47
100 4242 6.00 2.11 278 16.71 1.45
200 43.86 6.13 1.67 2.90 18.25 1.61
400 43.91 6.33 1.82 2.73 17.11 1.51
Aok NS *x *k *¥ NS
CV (%) 7.43 9.62 13.72 23.95 25.21 14.28
SED 1.23 0.24 0.10 0.25 1.67 0.09
N — Linear bl NS i b . NS
N- Quadratic ** NS b NS NS NS
P level
(kg N hn™")
0 19.04 4.33 0.28 2.48 15.60) 1.04
50 44.40 6.45 1.74 277 16.70 1.61
100 49.46 6.70 2.46 2.71 17.05 1.68
150 49.45 7.04 243 249 15.61 1.71
Prob = 0.05 ok el ok NS NS i
CV (%) 7.43 9.63 13.72 23.95 25.21 14.28
SED 1.23 0.24 0.10 0.25 1,67 0.09
I’ — Linear *h ok ke NS NS i
P - Quudratic | ** > o NS NS e

** . Significant at P = 0.05

NS- Not significant at P = 0.05



4.4 Effect of interaction of N and P fertilizers on plant height and biomass of sorgh

plants grown in the green house.

The effect of interaction of N and P fertilizers on height of sorghum plants is shown in Fig
The results show that interaction of nitrogen and phosphorus fertilizer had significar
increased the plant height of sorghum. The highest plant height of 56 0 cm was recorded
interaction rate of 200 kg N ha™ and 100 kg P ha™' while interaction of 0 kg N ha™ and 0 k;

ha™' gave the lowest plant height of 14.5 cm.
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_ Figure 1. Effect of Interaction of N and P fertilizers on
i the height of sorghum plant
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The results on the effects of interaction of N and P fertilizers is presented in Figure 2. T
results show that interaction of N and P had significantly increased the production of plz
biomass per plant of sorghum. The highest biomass of 2.70g was achieved at interaction of 1

- 'I - »*
kg N ha™' and 50 kg P ha™'. The lowest (0.16 g) was achieved in interaction of 0 kg P ha™ anc

kg N ha™.
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Fig 2. Effects of interaction of N and P fertilizer on sorghum
plant biomass

L

4.5 Effect of N and P interaction on number of leaves, nitrogen content, protein cont(

and phosphorus composition of sorghum

The results on effect of interaction of N and P on number of leaves, N content, protein cont
and P content of sorghum plants are recorded in Table 3. The results show that there was

significant increase in parameters measured at all levels of interaction of N and P fertiliz¢
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Highest number of leaves (7.5) was recorded at application rates of 250 N kgha and 150 P

kg/ha, A slight increase in N and protein content was achieved with application of 400 kg N

ha™ and 150 kg P ha™!

Table 3: The effect of interaction of N and P fentilizers on number of leaves per plant and

nutrients composition of sorghum plants grown in the green house.

Treatments Number of % Nitrogen | %Protein | Phosphorus i
Leaves Content (ppm) !

N levels P levels ]

(kg/ha) (kg/ha)

1

0 0 4.33 1.56 9.92 1.07 '

0 50 6.50 245 15.33 1.58

0 100 6.67 2.38 14.84 1.56

0 150 6.83 1.38 11.47 1.67

100 0 3.83 2.75 17.12 0.99

200 0 4.83 2.97 18.77 1.08

400 0 4.33 2.65 16.59 1.04

100 50 7.00 3.09 16.70 1.44

100 100 6.33 2.94 18.39 1.72

100 150 6.83 233 14.62 1.67

200 50 5.83 3.00 18.79 1.77

200 100 6.33 2.83 18.02 1.95

200 150 7.5 2.78 17.41 1.65

400 50 6.50 2.55 19.98 1.67

400 100 7.50 27 16.95 1.50

400 150 7.00 3.01 18.92 1.82

Prob = 0.05 NS NS NS NS

CV (%) 9.63 23.95 2521 1.4.28

SED 0.48 0.25 1.67 0.09

*% _ Sipgnificant at P =0.05
NS - Not significant nt P = 0.05
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4.6 Pictures of serghum plants grown in the green-house at five weeks nfter emergence

After five weeks of emergence pictures of sorghum plants were taken to observe any differences
occurring in their growth and development (Fig. 3 - Fig. 22). The pictures show that. all plants
growing in the control treatment (0 kg N ha™', with 0 kg P ha™') were stunted and started to dry up
during the firth week. Application rates of N without P did not influence the growth of sorghum
plants, see picture 4, and 5. These pictures show that the plants growing in the treatment
combinations of 100 kg N ha™ and 0 kg P ha" 200 kg N ha and 0 kg P ha™ 400 kg N ha™' and
150 kg P ha! had the same height with plants growing in the control treatment. However. plants
growing in the treatments where P was combined with 0 kg N ha', e (O kg N ha™' and 50 kg P
ha 0 kg N ha” and 100 kg P ha™ 0 kg N ha! and 150 kg P ha™") grew taller than plants growing
in the control treatment, see picture, 8, 9 and 10. These pictures showed that combination of N
and P influenced the plant height of sorghum. The plants in the treatments which combined N
and P were taller gna healthier than the plants in the control and in treatments where different

levels of N was applied withOkgP ha'.



'ictures of sorghum plants growing in the green house at 5 wecks

he pictures below show some of the plants growing in all treatments used in this greenl

xperiment.

Fig.3. Application rate of 0O kg N/ 0 P kg Fig. 4. Application rate 100 kg N/ 0 kg P
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Fig. 7. Application of kg N/0kg P Fig.8. Application rate of 0 kg N/ S0 kg P



Fig. 11. Application rate of 100 kg N/ 0 P kg Fig. 12 Application rate of 160 kg N/ 50 kg P



Fig. 15 Application rate of 200 kg N /0 kg P Fig. 16 Application rate of 200 kg N/50 kg P
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Fig. 17Application rate of 200 kg N/100 P kg  Fig.18 Application rate of 200 k

Okgl

/5

kg N

0 Application rate of 400

2

Fig.19 Application rate of 400 kg N/ 0P kg  Fig.
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Fig. 21 Application rate of 400 kg N / 100 kg P Fig.22 Application rate of 400 kg N/150 k;

4.7 FIELD EXPERIMENT RESULTS
4.7.1 Effect of N and P on the growth and yield parameters of sorghum

The number of tillers per plant, root weight per plant, plant biomass and leaf area as affecte
N and P is presented in Table 4. There were no significant differences between numbe
tillers, root weight, plant biomass and leaf area for all application levels of N fertil
However, application of P fertilizer resulted in significant differences in root weight, bion

and leaf area but number tillers were not affected by P.
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4.7.1.1 Number of tillers

All application rates of N fertilizer did not result in significant difference between number of
tillers. However, there was a slight increase in number of tillers as levels of N fertilizer was
increased (Table 4). The highest number of tillers was recorded at application rate of 150 kg N
ha' . At 0 kg N ha'! | there were 2.5 tillers per plant and then the number increased to 2.83.
2.66 and 2.88 tillers per plant when N fertilizer level was increased to 50 ke N ha'. 100 kg N

ha” and 150 kg N ha™' respectively.

The effect of P on the number of tillers per plant is presented in Table 4. There was no
significant difference between number of tillers at all application rates of P. Fewer tillers were
observed by increasing P rate from 0 to of 12.5 kg P ha™'. Highest number of tillers (3 tillers

per plant) were recorded at P rate of 25 kg P ha” and 37.5kg P ha,

The results presented in Table 6 showed that all combinations of N and P fertilization did not

result in any significamt difference in number of tillers per plant.

4.7.1.2 Root weight

The results presented in Table 4 showed that there was no significant difference for root weight
at all application level of N fertilizers. The highest root weight of 1416.57 kg was recorded at
an application rate of 100 kg N ha™! beyond which root weight declined with increasing N

application. P application significantly incrensed root weight per plant (Table 4). The highest




root weight of 1503.68 kg was recorded at application rate of 25 kg P ha' followed hy 37.5 kg

Pha.

Interaction of N and P did not result in significant difference in root weight per plant ( Table
6). Highest root weight of 1629.61 kg was produced by combination fevel of 0 kg N ha™ und 23

kg P hat,

4.7.1.3 Biomass per plant

The effect of N and P on biomass of sorghum plant is recorded in Table 4. There was no
significant difference in biomass between levels of N fertilizer . However, biomass increased
from 2046.27 kg to 2388.86 kg when N Level was raised to 100 kg per ha. P application
significantly increased biomass yield. P application at 25 kg P ha”! significantly increased
biomass above the control. The interaction of N and P had no effect on biomass yield of

sorghum (Table 6).

4.7.1.4 Leaf area

The results of effects of N and P on leaf area is presented in Table 4. N application had no
significant effect on leaf area. Even though there was no significant difference. the results
showed that highest leaf area of 203.41 cm’® per leaf was recorded at application rate of 100 kg
N ha'. However, there were differences in leaf area between levels of P and the control.
Increasing P level beyond 12.5 kg per ha did not significantly increase leaf area above the

control. There was however no interactive effect of N and P on leaf area (Table 5)
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Table 4. l"hc‘ effect of niu:ogcn and phosphorus levels on number of tillers. root weight per
plant, plant biomass and leaf arca of sorghum plants at in the field

Treatments Nuniber of | Root weight /| Plant biomass | Leaf area (em®)
tillers ha (Kg) /ha (Kg) E

N level (kg N hu")

0 2.50 1357.39 2046.37 282.32

S0 2.83 1342.57 2055.53 270.13

100 2.66 1416.57 2388.86 293.41

150 2.88 122221 1972.94 261.45
NS NS NS NS

CV (") 15.98 23.7 273 20.80

SED 0.03 129.26 230.79 23.3

N - Linear NS NS NS NS

N — Quadratic NS NS NS NS

P level (Kg P ha™)

0 275 1218.42 2014.05 239.07

12.5 2.50 1231.47 2060.35 310.18

25 2.83 1503.68 2405.53 288.62

375 275 1385.17 1803.68 269.44
NS NS NS *k

CV (%) 15.98 23.7 273 20.80

SED 0.03 129.26 230.79 235

P - Linear NS - ** NS NS

P — quadratic NS NS & ok

** significant at Prob = 0.05
NS- Not significant at Prob = 0.05

4.7.1.5 Leaf nitrogen

Although the results were not significantly different the leal N increased with an increase in N
level (Table 5). Leaf N incr-ensed from 2.40 % at 0 kg N/ ha application to 2.88 % at 100 kg N

/ ha beyond which lcaf N _decrcaSgd.‘P' nppl.iculion increased leaf N in sorghum plants as
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compared to control but differences were not significant. Highest leaf N (2.72 %) was achicy ed

in application rate of 25 kg P/ha',

The results for leaf N were not significant at all combination of N and P fertilizer (Table 7).

Combination of 100 kg N ha™ and 12.5 kg P ha'! produced highest protein content of 3.02 2.

4.7.1.6 Leaf phosphorus

There was no significant difference between leaf P for all N levels (Table 3). Application of P
fertilizer increased leaf P but differences between application rates were not significant. Leaf

phosphorus was not significantly affected by combinations of N and P ( Table 7).

4.7.1.7 Sced protein

The effects of N and P fertilizer in protein of sorghum grain is recorded in Table 5. There was
no significant difference between grain protein at all levels of N and P fertilizer. However, N
and P interaction at 150 kg N ha™' and 25 kg P ha™' increased grain protcin by nearly 17 %

over the control (Table 7).

4.7.1.8 1000 seeds and head weight

The effects of N and P fertilizer in 1000 seed weight and head weight of sorghum is recorded
in Table 5. There was no significant difference between 1000 sced weight and head weight at
all levels of N and P fertilizer.

39



1000 seed weight and head of sorghum were not significantly atfected by all combinations of
Nand P (Table 7). Highest 1000 seed weight of 29 ¢ were recorded at combination of 100 kg N

ha and 37.5 kg P ha”'. Combination of 100 kg N ha and 0 kg P ha! produced highest head
weight of 4340,73 kg.

4.7.1.9 Grain yield

The effect of N fertilizer on grain yield is presented in Table 5. Application of N fertilizer did
not significantly affect grain yield of sorghum. The results showed a slight yield increase from
0 kg N ha 10 50 kg N ha' beyond which grain yield declined. The effect of P fenilizer on
grain yield of sorghum is shown in Table 5. There were no significant differences in vield
between P applications. Grain yield was not significantly affected by all combinations of N and
P fertilizer (Table 7). However, combination of 50 kg N ha” and 37.5 kg P ha™ incrensed prain

yield of sorghum.
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Tu!)lc 5. Leaf n'ilro.gcn, leaf phosphorus, protein content 1000 seeds weight, head weight, head
weight and grain yield of sorghum seeds as affected by nitrogen and phosphorus.

Treatments Leaf Leaf Protein | 1000 Head Grain
nitrogen | phosphorus | content | seed weight /ha | vield
(%) (ppm) Yo weight | (Kg) (Kg) :
(8) !
N level (Kg N ha’
) ‘;
(0] 2.34 0.09 8.08 26.13 4060.70 2739.71
50 2.44 0.08 8.15 28.28 4184.22 2641.00
100 2.88 0.07 7.63 28.16 4148.85 2863.71
150 2.77 0.14 8.68 26.62 3674.40 2533.53
** NS NS NS b NS
CV (%) 13.44 118.07 1485 |9.37 10.98 16.20
SED 0.14 0.04 0.49 1.05 180.15 183.13
N- Linear NS NS NS NS NS NS
N- Quadratic NS NS NS NS NS NS
P level (Kg P ha”
1
)
0 ‘ 2.50 0.06 8.16 26.94 3904.40 2611.12
12.5 | 2.60 0.11 8.23 27.63 3968.10 2835.82
25 2.72 0.07 8.46 27.37 4052.35 2791.78
375 2.60 0.14 7.70 27.46 4143.29 2839.23
NS NS NS NS NS NS
CV (%) 13.44 118.07 1485 19.37 10.98 16.20
SED 0.14 0.04 049 1,05 180.15 183.13
P - Linear NS NS NS NS NS NS
P — Quadratic NS NS NS NS NS NS

** significant at Prob = 0.05

NS- Not significant at prob = 0.05
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Tz.lhllc 6. Number of tillers, root weight, plant biomass and leaf area as affected by interaction
of nitrogen and phosphorus.

Treatments Number of | Root Plant 1 Flag leaf area -
tillers  per { weight /ha | biomass /| (em?) i
plant (Kg) ha (kg) ;

N levels( Kg | P levels (Kg ‘

ha™) ha')

0 0 2.6 144813 185183 | 231.36

0 12.5 2.00 1885.17 1851.83 4.6l i

0 25 233 1629.61 1555.53 31144 !

0 37.5 3.00 1466.65 1925.91 271.98 |

50 0 2.66 1333.32 2037.01 247.93 ‘

100 0 2.66 1481.13 248146 250.57

150 0 3.00 1111.10 1685.91 226.51

50 125 3.00 1259.25 2370.35 286.38

50 25 3.00 1496.25 2259.23 304.63

50 37.5 2.66 1481.13 1555.54 241.54

100 12.5 2.33 1333.35 2259.23 337.96

100 25 3.00 144443 2814.79 281.29

100 37.5 2.66 1407.39 1999.98 303.78

150 12.5 2.66 1148.14 1759.98 301.77

150 25 3.00 1444.43 1992.57 257.10

150 37.5 2.66 1185.17 1733.32 260.44

. NS NS NS NS

CV (%) 15.98 23.7 273 20.80

SED 0.06 258.52 461.57 47

** Significant at Prob = 0,05

Ns — Not significant at Prob = 0.05



Table 7 : Leaf nitrogen, leaf

nie v : phosphorus, protein content. 1000 seeds weight. head weight and
grain vield as affected by int ) i

eraction of nitrogen and phosphorus fevels.

Treatments Leaf Leaf Protein | 1000 Head | Grain

nitrogen | phospho | content | seed weight /° Yield (Kg)

(") rus % weight | ha (kg) ’

(ppm) (8) i

N levels( [P levels -
Kg ha™) (Kg ha™")
0 0 2.06 0.09 8.05 25.90 3893.29 [ 244145
0 12,5 241 0.08 7.67 26.80 4088.84 | 2900.88
0 25 248 0.09 8.03 26.76 4100.70 | 29111.08
0 37.5 242 0.10 8.56 25.06 4239.95 | 2705.60
50 0 246 0.06 8.36 27.30 4088.85 | 2726.19
100 0 2.79 0.05 7.89 28.50 4340.73 | 2962.78
150 0 2.70 0.06 8.32 26.06 3294.78 | 2314.04
50 12.5 2.18 0.07 8.61 29.86 4248.84 | 3040.15
50 25 2.55 0.07 9.04 29.06 4061.44 | 2878.34
50 37.5 255 0.12 6.60 27.70 4337.77 | 3110.34
100 12.5 3.02 0.08 7.75 27.56 3976.25 | 2817.75
100 25 2.98 0.08 7.38 27.33 4068.14 | 2711.08
100 37.5 2.75 0.06 7.50 29.26 4213.29 | 2963.23
150 12.5 2.80 0.19 8.70 26.30 3638.48 | 2575.67
150 25 2.85 0.05 9.39 26.30 3982.18 | 2666.64
150 375 2.67 0.26 8.14 27.80 3782.18 {2577.75

NS NS NS NS NS NS
Cv (%) 13.44 118.07 1485 |9.37 10.98 16.20
SED 0.28 0.08 0.98 2.09 360.30 | 366.28

** - Significant at Prob = 0.05
NS - Not significant at Prob = 0.05
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CHAPTER FIVE
5.0 DISCUSSION

5.1 Discussion of greenhouse results

Plant height

Application of N fertilizers increased plant height of sorghum. Plants fertilized with application rate
of 400 kg ha! grew taller than plants growing in the control and other treatments. These are in line
with Buah and Mwinkara (2009) and Ashion et al. (2005) who reported that application of N
fertilizer increase plant height of sorghum. Lea and Gaundry (2001) explained that N supply tend 10
increase the number of meristems produced by sorghum plants and their growth thus encouraging

shoot formation and growth.

P fertilizers increased plant height over the control. Highest height was achieved in application rate
of 100 kg ha'. The increase in plant height of sorghum due to application of P fertilizers was also
reported by Sumera ef al. (2002) and Ashiono et al. (2003). Tisdale ef al. (2005) explained that the
improvement in growth of sorghum plants under the influence of P could be associnted with the
ability of P which improves the various metabolic and physiological processes in the plant system.
Phosphorus plays a major and important role in the storage of energy and its transfer into the plant

system,

Plant biomuss

Plant biomass was affected by application of N fentilizer. The highest biomass was recorded at
application rate of 100 kg N ha'!. These results are similar to those of Ogunleala (1998) who
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reported that N fertilization increase total dry matter of sorghum plants, Almedares v af, (2000)

also found significant increase in biomass due to application of N,

The resuits show that P increased plant biomass in sorghum plants. Application rate of 100 kg 1" ha '
produced the highest plant biomass over the control and other application rates. Similarly Akram v

al. (2007) reported that P’ fertilizer increase sorghum growth.

Internction of N and P significantly increased plant height and biomass per plant. These results are
similar to those of (Arvin and John 2004) who reported that application of N * P increased biomass
and yield of sorghum. Number of leaves per plant, plant nitrogen. protcin content and tissue

phosphorus were not significantly unaffected by interaction of N and P.

The results of greenhouse shows that sorghum plants respond positively to N and P fertilizers. This
good response could be due to good environmental conditions in the greenhouse such as sufficient
walering situation which made nutrients readily available for uptake by plants. Murty ¢f al (1994)

reported that moisture is very important in the response of sorghum to chemical fertilizers.

Number of leaves

N fertilization did not affect the number of leaves in sorghum plants. The between N treatments
were similar to those of the control. This results are not in agreement from the findings of Lea und
Gaundry (2001), who reported that N increase formation of leaves. However, P fertilization
increased number of leaves in sorghum plant over the control. Highest number of leaves (7.0:46) was

recorded at application rate of 150 kg P ha™',




Plant nitrogen and protein content

Plant nitrogen and protein content was increased by application N fertilizer. Highest nitrogen and
protein content was achieved in application rate of 200 kg N ha™'. These results are similar o those
of Murty er al. (1994), Amed er al. (2007) and Almodares er af. (2009). These researchers reported
that nitrogen fertilizer increase protein content of sorghum. Fentilisation with P did not inerease
nitrogen and protein content, all application rates of P produced similar plant nitrogen and protein

content.

Plant phosphorus content

N fertilization did not increase plant phosphorus content. However, phosphorus content was
significantly affected by fertilization with P. Application rate of P produced highest plant

phosphorus content.

Pictures of sorghum grown in greenhose

‘The pictures of sorghum plants showed that all plants grown in combination of N and 0 kg P ha-1
e.. (0 kg N ha' and 0 kg P ha™!, 100 kg N ha and 0 kg P ha”, 200 kg N ha™ and 0 ke P ha”', 400
kg N ha!' and 0 kg P ha') were stunted and turned yellowish and purple in colour. During
harvesting, after 5 weeks after emergence, it was observed that the plants in these treatments had
poor root development. This is because soil used in greenhouse experiment was very deficient in P

lending to poor development of root system. Murty ef al. (1994) explained that deficiency of P resuli
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5.2 Discussion of field experiment results

Number of tiflers

Application of N and p fertilizers did not significantly affec number of tillers. However, a slight
increase was observed at the application rate of 150 kg N ha” and 25 kg Pha’. These results difter
with those of Ogunlela (1988) who reported significant increase in number of tillers due to

fenilization with N and P fertilizers.

Root weight

N fertilizers did not affect the root weight of sorghum plants. The resuits were almost similar
between application rates of N and control, It js reported Tisdale er af, (2005) that phosphorus plays
a major role in root development. It was also observed in this study that p significantly increased

root weight. Highest root weight was observed at application rate of 25 kg P ha''.

Biomass

N fertilization increased plant biomass of sorghum. The highest  biomass was observed ar

application rate of 100 kg N ha™, This results were not significant and they differ with those of
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Ogunlela (1988) who reported significant increase in dry matter production due o N fertilization.
Highest biomass was observed at application rate of 25 kg P ha™. This results are similar 1o those of

Akram et al. (2007) who reported that P fertilization increase biomass of sorghum.

Leaf nren

In this study N fertilization did not increase leaf area although other researchers such as Ogunlela
(1988) reported increase in growth components. However, a significant increase in leaf arca was
achieved in P fertilization. These results are similar to those of Ogunlela (1988) who reported that P

fertilization increase leaf area of sorghum.

Leaf nitrogen, leaf phosphorus, protein content

A similar trend as in the leaf area was observed with the leaf nitrogen, leaf phosphorus and protein
content of sorghum plants which were not significantly affected by N fertilization. These results
differ with those of Almodares et al. (2009) who reported that N fertilization increase protein

content of sorghum significantly.

1000 seed weight, head weight and grain yicld

The results in 1000 seed weight, head weight and grain yield were not significantly affected by N

. s . 0 L .1 . .
fertilization. However, there were slight increase at application rate of 50 kg N ha” These results

differ with those of Ashiono ef al. (2003), Ogunlela (1988) and Sumeriz et al. (2005) who reported
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significant increase in 1000 sced weight, head and grain vield due to N fertilization. In this study,
1000 seed weight, head weight and grain vield were not significantly afTected by application of .
however, there was a slight increase in grain yield and head weight due 1o P fertilization. Grain
vield increased from 261 ( kg at control to 2839 kg when P was increased 1o 37.5 ke P ha'. Sumeria
et al. (2009) reported increase in grain yield due to application of P fenilizer. Improvement in
growth of sorghum plants under the influence of P fertilizer could be associated with the ability or' p
1o improve the various metabolic and physiological process in the plant system. Phosphorus plays
an important role in the storage of energy and transfer it into the plant system. The energy obtained
from photosynthesis and metabolism of carbohydrates is stored in phosphate compounds (ATP) for

use in growth and reproductive process (Tisdale er al., 2003).
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CHAPTER SIX
6.0 CONCLUSION

The results of the greenhouse study revealed that N and P fertilizers increased vield components of
sorghum plants. The plant height, biomass were significantly afTected by application of N and 1"
fertilizers. This indicates that high yield components of sorghum can be increased when application

rates of 100 kg N ha™! and 50 kg P ha' arc applicd, respectively.

From the results of the field study, it was shown that sorghum can respond positively to both I and
N fertilizers. Although the results of most parameters measured were not significant there was a
slight increase in number of tillers, root weight, biomass, leaf area, leaf nitrogen, protein content.
seed weight and grain yield due to the application of nitrogen and phosphorus fertilizers.
Application of P fertilizer resulted in significant difference between root weight, biomass, and leaf

area. It was also concluded the high yield and yield components of sorghum can be obtained when

application rates of 50 Kg N ha™ and 25 Kg P ha™ are applied respectively.
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CHAPTER SEVEN
7.0 RECOMMENDATIONS

1. From the greenhouse study, the results demonstrated an increase in growth parameter therefore

there is need to verify these in a field experiment at different locations.

2. The results for grain yield in the field experiment were not significant, therefore the author
recommends that, research in the field must be repeated in different soils at different locations in
Botswana. This will help researchers to find the correct fertilizer application rates that farmers can

use to maximize the yield of sorghum in Botswana,
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