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ABSTRACT

[nappropriate selection of planting date, plant population and varieties choice have a negative
impact on the efficient use of resources and yield returns resulting in some challenges that affect
crop production. The experiment was carried out between January and June 2016 at Botswana
University of Agriculture and Natural Resources (BUAN) Farm at Sebele to evaluate the effect
of planting date, plant population and varieties on nitrogen use efficiency (NUE) and rainwater
usc efficiency (RWUE) of sorghum (Sorghum bicolor (L) Moench. A 2*3*4 factorial experiment
was conducted in a split-split randomized block design with three treatments that were replicated
four times, The main plot was the two planting date- factor A (January and February), the sub-
plot was four plant populations (factor B) and the sub-sub plot were three sorghum varieties —
factor C (Segaolane PSL985050 and PSL985078) Data was co[lected on gromh parameters,

blomass nnd RWUE ut‘_vegetntwe bootmg, ﬂowermg, and physxologlcal matunty, grain yield

(Gy) and’ 1ts components Nltrogen Use Eﬂ' clency (NUE) and grmn rain water use elT cwncy

(R WUEg,v) were assessed at harves-

Data coliected were affectcd by-pluntmg date causmg a hlg,hly sx?mf' cant (P<0 0(.)0”1) |r;léact on
biomass, RWUE, grain’ yield and NUE and its componems Late pluntmg dale resulted m'_?';
reducuon in' blomm,s, RWUE grum yield NUE nnd 1ls components whxch have been tnggered.
by shorter day length and reducnon in temperatures Reducuon m Gy und 1ts components wns
observed as plant populanon decrcase due to few plants‘per umt nrea. lncrease t.n planlf‘_-
population led to decline in RWUE at d:ﬁ'crent ;:rowlh smgt. e‘ccept in lhe vcgctaiwe stuge
Regarding NUE and its components (uptakc und uullmnon eﬁ‘ cu.ncv) hl}_.,h populﬂhon Iowered“'j‘

lhe mlrog,en uptake and utilization hence rcducnon in eff' cnent use of mlrogcn due to mte-'planls

' compeutmn. :



Different varieties varied significantly at P<0.0001 for Gy where Segaolane produced the highest
yvield of 234kg/ha at highest plant population as compared to PSI1.985050 and PSL985028. A
significant difference of P<0.01 and P<0.05 was abserved among varieties on RWUE at different
stages as well as RWUEgy. Segaolane had the highest RWUEGYy of 1.01kg/ha/mm as com pared
to PSL985050 and PSL.985028. Given the yield components, panicle length and panicle weight
differ significantly at P<0.0001; P<0.01 respectively among varieties. Nitrogen uptake and
utilization efficiency differ significantly (P<0.05) among the varieties while a highly significant
difference (P<0.0001) was noted for NUE. The highest NUE 9.38kg/ha was recorded for
Segaolane and the lowest NUE of 2.9 recorded for PSL985050. Strong and significant
correlations were observed between RWUE & Gy, RWUE & NUE, and Gy & NUE. Therefore
Segaolane, January planting date and medium low density are highly recommended for farmers

in these changing climatic conditions which are threatening the agricultural sector in Botswana.

Key words: biomass, grain yield, nitrogen use efficiency and rain water use efficiency.
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CHAPTER ONE

INTRODUCTION

1.1 Background information

Sorghum (Sorghum bicolor (L. Moench) is a drought tolerant and nutritious cereal crop
ordinarily cultivated for food, feeds and fodder by subsistence farmers. Elsewhere in the world
espectally in the arid and semi-arid regions where production is constrained by low, erratic
rainfall and low soil fertility,_ it is grown and consumed as a staple food and used in the
production of many products such as traditional beer and porridge (Statistic Botswana, 2006).
The crop belongs 1o the tribe Andmpogom,ae undu’ the grass family Poaceae (FAO, 1991). It is

S nntwe to Afnca whlch thmugh commercml needs and uses remams a basxc stap]e food for man)r

| pcop[c in the'rural commanities because: If its adapmbnllty to sem: nrld envnronmems.

Els perfonmnce under 'unfuv ablc hot and dry condmons :sl?

;condltlbn (Slockbnds_e 006)

only sccond to mlllel nmong, the cerul[s It is drought tolt.runt, whlch makcs l[ especml]y‘-:

4
: l

mponam in dry regons such as northcast Afr:cu (tts centcr of dwemty) nnd thc: southcm plmn:;‘ _

of the United Stdle (Pattcrson er al 009) Of smgular tmponance to produauvuy ns C4:’.‘\-

photosynlhcsts compnscs of blochemical und morpholoycul Specmhzmlons thut mcrease nct_f'

carbon assimilation at high lt.mpcmlurcs. 0

-'-i'.’,



The sorghum plant uses the C4 pathway of the Calvin cvcle hence possesses the most efficient
form of photosynthesis. comprising biochemical and morphological specializations that increase
net carbon assimilation at high temperatures, with greater water use efficiency (Blum and
Sullivan, 1970). Its adaptability to environments of extreme abiotic stress has been prompted by
some exclusive features that the crop possesses. Its adaptability features include prolific root
systems, the ability to maintain stomatal opening at low levels of leaf water potential, high
osmotic adjustment, waxy bloom substance on the leaves and stem, better adjustment in leaf
angle and leaf rolling in low water conditions to help the crop cope with drought (Yared ef af.,
2010). The roots can extend from lm to 2m depth depending on the depth of soil wetting (Blum

and Sullivan, ]970).

s, health effecLs astcompared o other common. starch dlets have of late secn its demand

mcreasmg sharpl‘

n urban areas: where it had been neglected asa staple slurch The crop |s rlch :'

in fi bre, bloacuve compounds and. antmxndunl ru:h in phvtochemlca]s thut are desnable in humnn :

health (Aw;ka & Rooney,‘ 2004" D:cko et al - ,_7'7005 D}l\es etlal., "005), Apart i'rom |ts mum use

71mund 3000 years ago. From north eastem Afm:a I[ wus dlstnbuted ull 'tlwcr Af’rlca and along

| shippmg, nnd tmde routes thruugh the M:ddle Eust !o Indm lt wa., camed from !ndm m Chma :




along the silk route and through coastal shipping to South-East Asia. Frederiksen and Smith
{2000} further stated that, from West Africa sorghum was taken to the Americas through the
slave trade. It was introduced into the United States for commercial cultivation from North
Alrica, South Africa and India in late 19" century. It was consequently introduced into South
America and Australia and now is widely cultivaied in drier areas of Africa, Asia, the Americas,

Europe and Australia (Dicko er af., 2006).

1.3 Ecophysiology and agro-ecology

Vandertip (1993) categorized sorghum as a crop with nine growth stages similar to maize with
environmental factors such as soil fertility, water availability, climatic conditions and
management strategies having a signilicant impact on the time required for completion of each

stage The crop :1s-igenetleally sulted 1o, hot and dry agro-ccologies where olher cereals cannot

survwe exeept mlll It 1s‘Lnow tor grow m"a_ w:de range of so:ls but, hght to medlum texturt.d,

soils are most preferred The sm‘_ should be. well dramed nemted und loamy wnh pH mng,e nfS’rh

to 8.5 (Fag,ma et ai 1991) The plI values between 6 dnd 7 5 are most npproprmte for sorghum

growth because at th|s range mj' 51 nutnenls are easﬂy aeeesmble to plams

_It lolerates perlods of shon waterlogglng and sahmty but pralonged peno 5 uf Sahmr} w1|1

mhlblt ;__rowth (Carter c.t aL, 1989) Sor[:hum emp requnres a temperature rnm:e of ”7°C lo 35"’C

while the sor;:hum seed reqmres a mmlmum tempemlure ot" 8 I 0C I'or germmulmn Thomes nnd_ .

Vince- Prunee (1;997) noted tlmt sorghum |s a short-duy. plan in whtch;pamele mmatmn' :s:' )

pmmpted by photopermdte sensmvn} where the varleues dlf‘fer m both sensmwty le tempemture:‘if‘_i
and pholopenod The crop r(.quu'es an annuul ramfall 0[‘3"5 1o 4"3mm (Bulasubmmunlvnn and' |
_ Palnnlappun, 007) It is mnstly gm\m ln urea:. whu:h ure ton dr_y fbr major stareh cmps hke_},‘:'

ma:ze, wheut nnd nce Under rain fed condmuns sensonal ruml‘ull water use of‘ sorghum ran;_.es,




between 179mm and 340 mm which is slightly different under irrigated conditions with a range
of 32Imm to 645mm showing that sorghum is more efficient with rain water than when it is

irrigated.

1.4 Crop production, constraints and their management

Sorghum is the fifth most produced cereal crop worldwide (FAO STAT, 2014). In Africa. it is
the second highly produced cereal after maize (Gerda and Christopher. 2007). In Botswana, a
survey made by Statistics Botswana (2012) showed that. maize. sorghum. millet and beans/
pulses are the most grown field crops in the country. Figure 2.1 shows % production by crop in
2012 and 2015. In both years sorghum was the leading crop in terms of production, which stood
at over 40% of the total arable crop production. The environment in which arable crop
production takes place is constrained by the following biophysical factors: low and unreliable
rainfall, recurrent droughts, very high summer temperatures and relatively poor soils. Therelore

it is not surprising that sorghum production leads in production and other indicators.

2012 % Production by crop
2013 % Production by crop

® sorghum 12% ®sorghum
® maize | w ® Maize
® millet | 8 Millet
® beans ®beans

Figure 1.1 Comparison of 2012 and 2013 % production by crop in Botswana. Source: Annual
Agricultural Survey Research (AASR). 2013,



1.5 Resource Use Efficiency

In sorghum production, resource use efficiency is one of the most important aspects to be
considered for better yield returns. It entails producing & profitzble product using the least
amount ol resources. Those resources include water, nutrients, radiation, capital and land. In
Botswana, crop production is based on rain- fed farming and as such water availability is
probably the most important uncontrollable factor affecting sorghum production especially under
rain-fed conditions. Therefore the minimal amount of water captured during the rainy season has

to be used as efTiciently as possible for obtaining normal to above normal crop yields.

Compared to other cereals, sorghum can tolerate water stress at various growth stages and
effectively use limited‘\bhtef and 'prodfjce ndequately under dryer conditions where other cereals

l:ke mmzt. slnve to survwe even to produce mmlma[ly It has been documented that, sorghum '

.-requlrcs 1332kg 6" watér: per kg of accumulnled dry matter wherens maize requ:res 368kg of

'numcnts lnclude mtrogen and phosphoms even thoug,h lhe'“ can be mndc unavullnble by other |

resources: I:ke wuter und tempemture. Among ull nutrlents mtrogen 15 oﬁen constdcred u very
important nutnent requ:red fcr planl growth. Thls bnngs in. the concepl of mtmgen use."_i
eﬁluency (NUE) which. can. be de[' ned as the rzmo betwcen the amounts of m!ros_en I'emltzcr‘f-

,upplled und. the .amount fcrtlhzer rcmoved by thc pldnts from lhe sonl (Jonsmn nnd Poulton, ,
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Availability and efficient use of water coupled with nitrogen cannot only play the role in
improving grain serghum production as there are several other factors which also have great
intluence in the production, such factors include planting dates. plant population, growing season
and climatic conditions (Drew, 2009). Among these factors planting date, plant population and
variety choice are of particular importance in managing efficient wtilization of available
resources {water and nitrogen). Crop productivity is related to plant population per area
therefore, plant population refers to the number of plants per unit area and normally determined
by the spacing between the plants and between rows (Palle Pedorson, 2003). Plant population is
one of the importqnt factors which determine growth, development and yield (McMurray, 2004;
McRae er al, 2008) and for the efficient utilization of water and nitrogen without or with

mmlmum competmon In every Feld agronomlc pmcuce such as weedmg and cultlvauon huvc -

ken'lherefore optlmul plant populatlon is |mportant for the eﬂ'ment e\cecutton of

be planted ut 1h° nght plantmg dale und usmg thf: appmpnnie vurleucs 50 that the des:red ylclds'j

<1 7 b .1
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can be obtamcd Thus plﬂntmg dales and vnrlety need to be conmdered nt all tlmes for succcssful

yield outcomes. - "7 7

ln Botswana thc ume of‘ plantmb depends on lhe regmn varlety and seasun Late November o |

carly DECLmbCl‘ is consndued a ;:ood pluntmgs pcrlod Thc nsk of crop fzulure mcrcnscs wuh
delay in planting. February plantmg 1s rlsky pamcuiarly in lhe Southern part 0[‘ lhc country o

where frost oceurs carly (Tsunnmg, nnd Maphnnyane, 7000) Due to chmnllc chum.e Navember

- and December plunlmu are no longer fuvorahle pluntmh dnles to farmcrs becnuse of low nnd

ermnc mmlull whlch comes lnle in most part of tlu. counlrv Most cllmnle models predlcl a 30—— ‘




maximum temperature from 1.5 °C to 2.5 2C (Zhou ef ¢l., 2013). The above scenario could be
quite significant for an area that was already marginal for agriculture. This presents a
challenge as the planting date may be as late as mid- February in which significant rainfall is
experienced. The choice of variety is also important in sorghum production. Sorghum varicties
differ in utilization of water and nitrogen due to their genetic makeup. Therefore, for the
successful sorghum production, planting date. plant population and variety choice have to be

considered for efficient utilization of water and nitrogen as key production resources.

1.6 Justification of study

The threat of increasing water scarcity in the wake of climate change for both home use and
agriculture will inr the near fulufc call for less irrigated agriculture production than in the past. It
is clear.that supplememal 1mgat:0n can benefit yields and water use efficiency in water limited
enwronments (Owels et al 000 Tumer 7004), but the potentml of even limited supplemental
lrrlgatlon is decreasmg, wuh competltlon for wuter for urbﬂn nnd mdustrm] uses and in order to
maintain enwronmental ﬂows Thus aanculture w1[l become 1nereasm;,ly dependent on ramfall :
as it's a sole source of waler and maxlmlzmg the eﬁ' cleney oi llS use to pmduee a cmp wdl be
paramount. Given the little ramfall received in Botswana and lhe poor soil fertlhty, thls research :
will focus on how effi eleney of tne low rmn_w_atee recel_ved _a_nd _]~.°,W sml feruhly can be mpreyed
in rain-fed agriculture to inerease:cron preduction and l'eledl the mcreasmg .:‘p.o.pulationl m '

Botswana.

In crop production, water plays a critical role in pldnt déVelopmem as ft aids the plant to ex.ploil ,
.nu_trients in the soil effectively (Gonzalez el ¢ al., ..010) To muximlze the little avallable moisture,
in the soil and also to aid full exploitation of nitrogen, factars like time of 'p_lenting_.. plant
population nnd selection of varieties have to be considered wisely. éuils of Botswuna are sandy

o



with low organic matter and these contribute to low nitrogen levels. Given the erratic, low and
unreliable rainfall and poor soil fertility. challenges arise in choosing the appropriate agronomic
practices such as planting dates, plant population and suitable crop varieties to grow. A sclution
to this remains a challenge to both researchers and farmers countrywide. Therefore improving
crop management practices to mitigate climate change effects will lead to desirable use of
resources with the aim of increasing yields. Hence the aim of this study was to focus on how
planting date, plant population and varieties affect rainwater use efficiency and nitrogen use
cfficiency of sorghum. The information on the effect of planting date, plant population and
variety selection on nitrogen and rainwater use efficiency of sorghum will therefore come in

nandy to plant breeders and crop producers.

1.7 Hypothest.s

rl) Null l;ypnthesw' Plantmﬂ date plunt populatlon and varieties do not affect nitrogen
| use eff‘ c1ency (NUE) and mmwater use eff' mency (RWUE) of sorghum
Allcrnatwe h) puthesns" Plantmg dute plﬂnt populatmn and vnrletlcs uf" ect NUE‘;."'
and RWUE ofsorg,hum. o

2) Null hypothesis; Théré'is no rel,':_'ltiohship bé‘tweénRWUE,)%xﬁd NUE.

Alternntivc'hyppthésis:"'.fhcre isa r_eln‘tiqn‘ship, betwggn' RWUE and NUE '



1.8 Objectives
* To cvaluate the effects of planting dates, plant population and varicties on RWUE of
sorghum based on the above ground biomass and grain vield of sorghum.
* To evaluate the effects of planting date, plant population and varieties on NUE of

sorghum,

» To establish the relationship between (RWUE) and (NUE).




CHAPTER TWO
LITERATURE REVIEW

2.1.0 Resource use efficiency in crop production

Successful crop production requires an analysis of resource use efficiency as it is a major
concern in any crop production activity. The term “resource use efficiency” may be generally
described to include the concept of technical efficiency, allocative efficiency and environmental
efficiency within the farm (Haque, 2006).. Given the production environmental perspective;
resource use efficiency is defined as the amount of profitable yield per unit of input. Typical
inputs in crop production include water, land, labour, nutrients, capital, and radiation. These
resources have to be utilized cfﬁcicntly in order to optimize production. According to Fan et af.

(201 l) lt is. lmportant 10 develop 1ntegrated soil- -crop systems m'magement whlch will address

constmmts m e*ustmg vanetles, and develop‘_orrselect new crop varxetles that offer hl;:h y:elds

but use Ic.ss water fcruhzer um(mg others Theref‘ore thc mam focus of thls 51udy wnll bc on use

efficiency ol’watcr and merLen as thcy nre lmportzmt l:mmng, vurtablc.s in cmp pmducuon

2.1.1 R.unwat(.r use e[ﬁclency ul' snrghum

_n the. und and seml arld Innds, walcr |s one ol' 1he limitlng ‘factor‘s m agrlcultural p;'oducuor;
'Ihns is bccomm}: 4 prdblcm in. tho::é areas-as w/u-lLr is, lht. main . resourcc ncedcd l'ur crop
production with crop Lrowlh ulnd LCGI]()ITIIC yleld bung, ;evcrcly nff.t.ct.ed by :ls unavmlabllny’
(Araus er al., 200’7) FAOSTAT (’1014) hus mdlcuted that almost 80 of the wortd’s m_rlcultun!f.
production is under rain l‘ed condmona and nrowdes 6"% of the staple foods As‘ such ra:n ['ed“.z
agricuiture wnli continue suppurlmg lht. world s food 5ecurnv for the mosl mcrcasm!, populuuoﬁ
(Harfield and Pruq,cr, 2001) llus is !chlv lo [;L u‘conm.m as rmﬁfull wlm.h is lhc Lev source ",

of water is one of the chmntlc condltmns predlctcd to be severely aﬁ'ectcd by the chmatc channe E

0
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that is approximately to account for about 20% of the global increase in water shortage.
Therefore, the cfficient use of water is a key factor in rain fed plant production that can be
resulting in more crops produced per limited amount of water (Blum, 2009). Crop plants require
adequate water if they are to grow to their optimum levels and water requirements vary

depending on the type of the crop and the environmental conditions they grow,

Water use efficiency under the rain fed agriculture is mostly associated with the effective use of
precipitation as it is the only source of waler, as a resuit: its effectiveness is well emphasized.
Jones (2004), described water usc el‘f‘cuency under irrigation conditions as the ratio of biomass
accumulation or ‘above ground blomass or harvested yield against tolal available water, or

cvapmmnspiratmn or plnnt lmnspimtion or total water input in the soil. It is affected by several

_ far.tors such as runoff drama,g,e |mgatlon and ramfall amount. Ramwnler use eﬁ' cuency as a -

!'rom olhu ﬁlclors such as nutrlcnt slntus mana;:ement and croppm;;, pracuccs (Durdel ct ai
NN .w i Bl

"0]4) Furtllennorc RWUE can be elaborau.d as. lhe mllo of nccumu[dled aboVegro” 1d dry

matter nnd gram ylcld per lotal precupnnlmn usmg the uccumulated mm‘fall‘fmm emergence m

the ma[unty stages l‘or the gmwmg season (Le Houcrou 1984 Chen el al.,':..003) _ Thus mm

water captured in the sutl has lo bL c[chtwcly us¢.d by lhc plnnt, for optimum plam yicld (Mol!

et al (I98")




Precipitation can be categorized into effective and inefiective and these have an influence on the
RWUL. Causes for ineffective rainfall include runoff and soil evaporation while for effective
includes transpiration (Noy-Meir, 1973). There are several factors that can have an influence on
RWUE and these include; climatic conditions, management, varieties and soil properties which
affect plant growth and development and consequently yield (Garcia er al., 2009; Sandra and
Rodriguez, 2007; Ben-Asher er al., 2008). Among these factors, climatic conditions can have
some impact on RWUE by changing the efficiency of plant use of the effective precipitation or
by changing the allocation between effective and ineffective (Rustad er al., 2001; Lin er af,
2010). Other contributing factors include time of planting, waterlogging, planting depth,
fertilizers and certified seeds (Shajari er al, 2008). Skovmad et al. (2001) stated that, the
gmwmg demand of‘ world cereal at present w:l] result in more water required in expanding

ugncullure m the near future and as such, the lmle water lhat is captured has to be utilized

appmpraalely

Reports on sorghuﬁl reponed that, gurghUm dally .water;’rcqu-:remeﬁts vary ucc‘ordmbl‘tc-) cmin?“
growth stage (Boyer ]98 Abdel Matagally, 2010) wuth max:mal water requlrement occumng -

from booting until after anlhesns Accordmgly, at. thls stagc sorg,hum lS mostly sensmve to wnzcr__;
stress :md during grain fi llmg stage and physmloglcal matunty, waler rcqu:remems deémasc
gradually, Assefa et al, (‘3010) stnted thal sorghum max:mum y:eld rcqmres 450 650mm ot water
distributed evenly over the g Erowmg season.- Sor;:hum ynelds are normnlly hu:her thian nlher major
cereals like maize under optlmul wuler avmlabllny ‘Under water stress sorghum produces more. |
yield than other cereal due to supenor water use cﬂ'mency ‘This rc.aﬁ‘ s lhc f'act lhnl soréhum
possesses drought tolerant nltnbutes which’ enablus the crop to producc wclds under hmltcd...

waler (l"uck et al., 2017). Therefore sorghumis d:stmcuvely poised as ar niche c;op_in me ,sem_i-'



artd regions. Maman er al. (2003) reported under the sub- tropical rainfed agriculture. optimal
sorghum water use is reported to be 12.4-13.4kg/ha/mm. Hadebe et al. (2013) also carried a
study on sorghum and reported that sub-optimal plant water availability resulted in sub-opiimal

water use efficiency.

2. 1.2 Nitrogen use efficiency of sorghum

Successful crop production can be influenced by nutrients added or lacking in the soil. As much
as water is a limiting factor in crop production, nutrition also has a large influence on the final
yield. Among the essential macro nutrients for crop growth, nitrogen is often the most limiting
for crop yield in many regions of the world (Giller ef al., 2004) and in a pursuit of high yields, it
is applied in large amounts from éxtemal sources resulting in low nitrogen use efficiency (NUE)
which,is roughly 33% for cereal production (Raun and Johnson, 1999). Therefore balanced and
efhi cnent use of npphed ‘Nis of' paramount lmport:mce in lhe overall nutrient manngemem systcm
lhan any othcr nutnems W|th Ihe atm -of redm:mg its neg,nuve lmpact on the envxronmcnt Its
effectiveness encompa-ssmg tWo mum corpponepts are' uptnke eff‘ cnency nnd utlhdzmmn":_l :
efficiency. These two components conmbute to vanatlon m N usc. ef'i' c:lency, mcrease m_ ‘
mtrogen uptake ef‘hcnem:y (NUPEFD and/or mtrogen utlllzauon eff' cncncy (NUTE' fT) wlll Iead ld'
an increase of NUE. Nltroz,en uptake eff‘ cnencv (NUPEﬂ) isa measure of‘ how much N lhe plam
absorb in relation to the N supphed or plant avatlnble N lt is dssocmtcd kuh assnmllauon, thg ?_
incorporation of N compounds mlo plants tissues. ThlS normnlly varies among and wnhm crops
such as grain sorghum (Jiang er a_l.. 2001: Huggms, nnd Puan 003) Nlll"O[_._Cl‘l uuhzatmn_ '
efficiency (NUTE(T) indicates how lhe ubsorbed N is eIchtlvely used by the crop far growth and |

vield production (Janssen, |998, Shchenk, "006)
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Nutrient uptake by sorghum is influenced by several factors including nutrient availability. soil
water availability, soil organic matter, soil chemistry and physical propertics, ype of previous
crop grown, plant population and variety (Wortmann, 2007). Several studies have determined
how to abtain desired yields with minimum fertilizers hence limited environmental side effects
related w0 N leaching (Agostini ¢f al., 2011; Burns, 2006; Neeteson and Carton, 2001; Rahn,
2002). In sweet sorghum, nitrogen is the most essential element in obtaining high yield
(Balasubramania et al, 2010), but overall, sweet sorghum has less nitrogen necessity as

compared to sugarcane (Almodares and Hadi, 2009) and maize (Anderson et dl., 1993).

2.2.0 Fuctors affecting resource Use Efficiency

There are numerous factors that affect efficient use of resources in crop production and such
factors mclude crop variety, sml propertles plant stand, weeds and timing of planting. These
Factors have to be consudered f'or the eﬁ' cn:nt use oi resources in order to optimize yleld Among

them, plantmg date and plant populatlon are to be evaluatcd to find out how they mﬂucnce the

use of the avmlable resources.

2.2.1 Plant populiﬁiun '

Plant populatlon is one of the vunnh!cs tht;t have lo be c0n5|démd céx;eful!y 50 as 10 ﬁléet th‘.f :
farmers’ desm.d net returns as 1t nfﬁ.cts producuon und quahty 0{’ most cmps. Accordmg to Mmh
et al. (1990), ensuring opt:mum plant populatlon Wl" nllow plants 0 grow uppm.pnalely mthi"'
their aerial and undernmund part cnnsummg ‘enough sunhghr_ water and sml nutnents with
limited competition. Closer spaclm_. imerferes wuh the cu!tural praLllces o be undcnaken in the
field and in a closely populnted pianl commumty, compelluon wllhm the plnnts for nutrlenls air,

light and water is very h:gh and often leads to mutuul shadmg of‘ plants Iodglm. nnd pmmotcs |

more producuon of straw lhan grmn yield (Bhoumlk et al 012)_. e S

i+



Various investigations on the effects of plant population have been done in cereal crop
production and different results have been obtained. Moosavi ef uf. (2013) conducted a study on
the influence of plant population on yield and yield components of grain sorghum. The results
revealed that increase in plant population leads to significant loss of [000-grain mass, grain
number per panicle and harvest index. Despite that, grain yield showed a significant
improvement due to increase in panicle number per square meter. Other researchers reported that
as plant population increased number of tilters (Pawlowski ef al., 1993; Ibrahim and Hala, 2007
Caliskan er al., 2007), plant height (Garrison and Briggs, 1972; Shepel and Aristarjkova, 1982;
Ayub et al., 2003) and stem diameter decerased (Caravetta er al.. 1990), but grain yield per unit
arca increased (Caliskan et al., 2007). Different researches have been conducted in the Northern
and Southem part of Botswana by the Depnrlmcnt of Agricultural Research to find the optimum
plant popu[atton For sorg,hum (DSFRS 1985 Jones 1987). The reports revealed that plant
populatmn of 40 OOOp[ants/ha 15 the appropnate plunt populatlon due to low and erratic rainfall
received in the soulham part whereas p!ant populallon of 30 OUOpIants/hn is the ﬂppropnate plant-l-:

population in the northem part of' the country duc to hlgh ramf'ull

2.2.2 Planting date

Timing of planting is also a comrlbuu% factor to crop browth and developrﬁcm The tlme of
planting depends on regon vanety and season, Prevmusly lale November to early December '
was considered ta be the best plunlmg dates in Botswnnn Due to cllmatic change which had.
rendered ruinfall more errutic and low, planung datcs have had to be sh:ﬁed and tlus has aff‘e-cled :
most of the crops due to the late plnmlngs as lhe nsk of crop fallure Increases \mh dt..layed
planting date. February planting in Botswana is risky particularly in thc soulhern part 0[ the

country where frost commences earlier. Therefore the timing of planting should be chosen so



that the crop growth stages most susceptible to frost do not coincide with those frost spells. Puali
et al. (1964) conducted a study in sorghum and found that. late planting results in reduced
number of days to panicle intiation and flowering, which both may be the effect of both
temperature and photoperiod as the day length reduces and cold temperatures commence. Caddel
and Weibel (1971) added that, as the duration of the panicie development gets reduced, the

panicle size and total vield also decline.

[n contrast, early planting may result in increased yield through increased tillering which leads to
high number of heads per unit area. Early planting is associated }vith yield increment while late
planting results in decline in straw yield. According to Maddonni et al. (2004), during grain
filling delayed piuntlm;, comc:des wnh reduction in tcmpcraturc and solar radiation while early

_ ,sowmg results in_ hlgher gram as compared to lalt_ sowmg (Qamar et aI 2004) Both early and

1 E G -

Iate plantmﬂ co' ld have negatwe mpacts on crops as thern. is posmbnhty that unfavorable

condmons may 'come uﬁer'plantm;, or durmg the growth penod ln g,eneral, lt is therefore‘i‘

one planting date (Norwood 001)

2.2.3 Varletlcs

: Snrghum is bccommg n hlg:h potentml cmp m Southem counmes such as’ Bolswanu, -.South"

Aflrica and Zimbabwe duc lo |ts hardmcss to. harsh condlttons but lhere are some producuon

,_..

constraints concemmg the ¢ crop The ponr sorghum productmn |s assocmtcd wuh Iack o ‘ _l‘ected,"‘
|mpr0ved vnnehes Some vnrletlcs can be ndapted to hot und drv condmons wlu!e olhu's ane._._-:

more susceptible to such condluonsduc to Lhe&r genct;c make-up (Tekle-an_d_ Zemach 014)



Different varieties of the same crop can differ in water and nitrogen usage. roots characteristics
and days taken to reach maturity. Therefore it is timportant to develop or select crop varieties that
can use the available water and nitrogen more cfficiently so that crop production can be
maintained. while leaving sufficient water for domestic and industrial users and the environiment.
Thus crop varieties that use nitrogen more efficiently will be critical for food security, and for
the sustainability of rural economies that depend on the purchase of nitrogen fertilizers for crop
production. Production of inorganic nitrogen fertilizers is a major source of carbon dioxide
emissions, and price increases for nitrogen fertilizers will continue as energy prices increase.
Breeding for increased nitrogen use efficiency varieties will therefore be important role to play in
reducing nitrogen inputs (Carol er al, 2012). There are number of recommended sorghum
varictics in Botswana. Such varieties include Phofu which is known to be a medium maturity
variety having a Iuw tillering ubihly w1th a semi-dwarf stature and a yield potential of 1.5 to
3. alons/ha Anolher vanely whu:h had been appr°c1ated by most f'armers is BSHI due to its high
yielding pou.nlml 0f3 to 6lonslha The vurlcly aiso possc_sscs a good tillering ability with a scml—r

dwarf stature (Tsuanen g and Mupllunyanc "000)

2.3 Effects of planting dute on WUE and R_WUE.

Fanﬁers often use the onset of ‘rainy sénson as a criterion f'or,,picl-{in‘g plantmg .dmc‘sr.‘.Mullipfc':r
planting dates can occur in a single rainy season, depending on the onset and longevity of'rminy
season, and optimal growing period. Successful _rainﬁ_:d_qgricullure is Iﬁrgcly on thf: amdunl d,f
stored rainwater but rainfall :vnri_ab_il_ily. in both total nmdums_and seasonal disuj'but”ior'll is o

challenge (Rockstrdm and Bufmn, 2007).
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Inappropriate planting date can result in crop failure, usually requiring replanting or reduced
yicld as a consequence of unmet water requirements. According 1o Adetayo ¢t al. (2008}, one of
the ways to manipulate the climatic condition in this climatic change era is to have adequate
knowledge of optimal planting date so as to accurately synchronize minfall incidences with crop
development. Yamusa e al. (2013) stated delays in the onset of rainfall, drought season, and
unpredictable periodic dry spelis have led to shift in the recommended sorghum planting date.
Sorghum WUE were highest for the optimal planting date relative to the late and lowest at early
planting dates in South Africa (Hadebe, et al., 2017). Varietal differences and interaction with
planting dates were also observed. Differential response to planting date were also observed in
several studies involving sorghum (Blum, 1972; Allen and Musick, 1993); maize (Nerwood,

2001; Chen ef al., 2003).

R T

sonl mmsture. lcvcl should be optlmal lo cnsure hlghul ylcld waler use cﬂ'cncncy (WUE) (Rnshld

and Seilsepour, ()09) [ncre.xsed plunt populauon anourdges Lompctmon betwcm plants l]lus

increase in water consumptlon as comparcd to when plams are g:rown umfomlly wuth adequutc

¥

space between them (l\nmsahin, 2013) As such Lhen: |s a neuntwe rclanon bemeen hlgh plant

~ density and WGILI' use (.[TCILNCY as morc plants WI" consurm. more watcr fmm the sml lhan th

rccammmdt.d den:.lty lhus reducmg eﬁ' c:cnt use of' wutcr




There is an interaction between precipitation, soil water and plant population. primarily during
the rapid growth period of the crop. The interaction of these factors has an effect on the final
yield and that is determined by the level of soil water available to plants at the beginning of rapid
growth period. the amount and distribution of precipitation during this period and by the amount
of water transpired by the canopy. In sorghum increasing crop density increased water use
efTiciencies of dry weight production, but decreased the proportions of dry weight allocated o
grain (Rees. 1986). In a study involving maize, the use of high plant populations under limited
water supply may increase plant water stress hence low RWUE and radically reduce grain yield.
particularly if a water shortage coincides with the period of 2-3 weeks bracketing silking

(Westgate, 1989),

2.5 Effects or.w;ri_ety on WUE and RWUE

Crops of the same specles both dlffex; in terms of' their dally water consumptmn and the doration
they took to reach thc:r total fu[l growmg penod Accordmgly crop specms isa paramount f‘actor‘;

influencing waler. clonsﬁmptl-on.”Nonﬁully Lrops specses wuh hlg,h dm[y water consumptlon and-{ :
long total g:rowmg pcrtod requxre mur:h more waler as compared those wnh comparatlvel). Iower -
daily water needs and short growm;, penod Thcré is. no ﬁubl;catlon of eff'ect of' vanet:es \onr
RWUE usmg local sorghum vunetles therefore a Ley strategy towards mcreasmg \\;alt:.r.usé.'

cfficiency of local varicties and how they utTect RWUE is by sciectmg those crops varlcncs that_ :

have minimum water requlrements yet still prowde ndequate added value

Balar er al. (2015) statcd lhat, the eﬁ' uenl use . of’ I:m:tcd rmnfdll n.mnms a pammount-'
importance to sorghum product:on Mzmm:zmg mmwuu.r use through bettcr crop manngement :

practices such as well adopted cultivars is of i lmportunce to Batswuna furm::rs,;-Thc spcciﬁc '

19.



adaptation of variety must include phenological development leading to maturing that fits well in
the short rainy season to capture a bulk of rainfall and some degree of drought tolerance with
speedy recovery after drought. Varietal influence of water use efficiency has been reported in
sugar cane (Oliver and Singles, 2003) and sweet sorghum (Sawargaonka et al., 2013). To this
end. breeding crop varietics that are more efficient in their water use is one of several strategies
that will be required to improve the productivity of water use rain-fed agriculture (Wang et al.,

2002).

2.6 Effects of planting date on nitrogen use efficiency (NUE)

The optimum planting date and the best nitrogen rate of sorghum in Botswana are one of the key
components {or better sorghum grain yields. Azrag and Dagash (2015) reported that the
interaction between planting 'dote and nitrogen had a significant eﬂ"eci on 1000 seed weight,
grain: yleld and mtrogen use eﬂ' cxency of sorghum under cllmatlc condltlons of Sudan. Nunes et
al. (1996) observed that lack of mtrogen de]ays molze reproducuve veg,etat:ve smge :lea f
expanding race and leaf ared durablllty wh:le delnyed sowmg, date cause dry matter declme and
leaf area index. Ehdale el al (2001) conducted a study on- the response of wheat grmn yleld undr

nitrogen use efficiency to plnntmg dote The results showed that both Iate and early plontlng moy .
influence the mtrogen reqmrcments of the crop by a[lermg the potentml f'or roots plom‘-

development and the crop’s capacgty to recupemte so:l mlro;,cn.rEh'ldalc and Wamess (2001): |
also conducted another study on wheat nnd found thal earlv plnnled crops tumed lo extract more
nitrogen from the so:l bul Iess pamliomng o['nilrogen Io g:mm as. compured to those planted,at‘
lhe most ideal date. The response of mtrogen use etTcu.ncy to plantm[: dolc of' sor;:hum Is noll

exth=lvely stud:ed especmlly undLr Ioenl senn ar:d env:ronment of Botswann
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2.7 Effects of plant population on nitrogen use efficiency (NUE)

Availability of nitrogen in the soil provides effective means in increasing crop growth and henee
vields increase. Oplimum population for a crop increases with increase in N availability (Eckent
and Martin, 1994). Optimum plant population has to be maintained so that maximum resources
such as nutrients, sunlight and soil moisture are fully exploited to ensure reasonable growth and
vield (Tajul er al., 2013) as such high density is undesirable because it encourages inter plants
competition for resources. Koochaki ef al. (1994) found out that, increase in plant density per

unit area will results in decrease in nitrogen efficiency as nitrogen use by the plant will increase,

Soleymani et al. (2011) stated that, sorghum is a C4 crop and uses nitrogen more efficiently than
most C3 crops, and nitrogcn is still one of the major factors limiting crop yield. Sorghum begins
u penod of mpld g,rowth hmmass accurnulanon and nulnent uptaLe at the five leaf- stages and

between lhlS stage‘*and bootmg nbout 70%_0!‘ N Wll] be tuken up and ns such mtrogen feruhzer

ummg shoufd uccount ['m' lhls mpld;gmwlh (lPNl OI”) Flscher and WllSOﬂ (1975), Fcrmns

and Charles, (1986) showcd that the hlghcst sorg,hum dr_y multer pmductton was obwmed w:(h

the highest p!ant densntles (wuh mcrease m N appllCﬂtl(Jn resultmg m hlghef'sorghum 1eld

(F :scher nnd Wllson, I975) Studles conducted on mmze by-Charles and Charles ('3006) showcd _

' thnt under hlgh plam dthIlIE‘i,, the eff'cnency ofupplled mtrogt,n to the CrOp.dLCI‘LaSLd

The efTicient unllzﬂtmn of mtrogen 13 ulso dependcm on thc planl populﬂllon of' lhe cmp as
increase in plant populatlon mcreasc mtrogcn use Berengucr and Fncl ('JOOI) argued lhat lower
plant densities are ussocmted wuh grﬂmer number nf grams per pamcle and hugher g,ram wenght

at the optimumt nitrogen uppllcutlon The mleractmn between plant dcnslly and mtmLen hnd a

mgm[‘ cant influence on seed vn,g,or, viublllty Lcrmmatlon and heahh (Mursalls ef. a! Ol())_.’ lt is':_f




therefore important to establish the optimum plant density and nitrogen rate 10 maximize vield

potential.

2.8 EfTects of varieties on nitragen use efficiency (NUE)

According to Shamme ¢r o/ (20 t6), the significant increase in lertilizer prices may told over the
recent decade. This dictates that farmers need to use more NUE crop varieties to reduce the cost
experienced on the N fertilizers as a major nutrient input under the rain fed conditions. Crop
varieties differ in response to nitrogen levels. They can be classified as the efficient, not efficient
and the inferior type (Gerloft, 1976: Gourley et al., 1993; Shulka ef af., 1998). The inferior types
are those varieties that do not respond (o increasing nitrogen supply because of their weak
potential of adaptation to N supply or their weak preductive capacities. Those that react well to
lower N-soil and N-fertilizer as well as to high levels of N are categorized as “efficient™ while
those whi;ﬁh_' respt)ﬁd to Iower N supply but notto i mcreasmg N supply are termed “not efficient™.

Therefore the use of‘ N efi‘ c1ent sorghum cuit:vars mcrcased the productlon of' sorg,hum t.ropplng
system in most part uf' Afnca espemally in the westem par!. (Shnmme et al "0]6) Slmtlar tl'ends"

ol

could be obtained once N t.ff' c1ent sorghum vanetles are 1dentif' ed in Botswann condmons. :

Differences observed in varletles in NUE as a result of d:ff‘erences lﬁ tht. nbsorptlon of mtmté
(Rodgers and Barneix, l988) and N remoblllzanon (Vun Sunford nnd Mac[xoum 1586).

However., improved varieties are often. devcloped without constdenng the1r ablhty to gmw under.
limited soil nutrients (Wissum et al., 2009). Ac_cordmg to Feli (1992), vaneues'tliat accumulate
large amount of biomass seem to have more nitrogen uptake efficiency (NU'PEﬂ]_-_w'hich- could
decrease nitrogen utilization ef‘ﬁcicncy-(NUTEfQ_and consequently {ead to reduction.in NUE.
No conclusive findings had been published on NUE on local sorghum vnru.ues lt is thcn.f'orc
crucial for more research to be carried out in the selection of vaneuns- which are well responsive
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to low. medium or high nitrogen supply. Varietal difference in NUE of many crops including

sorghum and their strategy of adaptation not extensively investigated in Botswana.

2.9 Interactions between RWUE/WUE and NUE

Availability of adequate soil moisture at crucial growth stages is not only to enhance the
metabolic process in the plant cell but also to improve the cffectiveness of the mineral nutrients
applied to the plant. According to Gebreyesus (2012), soil maisture without soil fertility or
fertility without soil moisture is less effective for production increment in the semi-arid areas.
Yared ¢r al. (2010) documented that reduction in low soil moisture can reduce nutrient uptake by
roots and prompt nutrient deficiency by lessening the flow of nutrients from soil to root, creating
restrained transpiration rates and impairing active transport and membrane permeability.
Therefere cansidering soil moisture or rainfall distribution of an area is very important to limit

the amount of fe:jtjiliz'ei',to,be qpp!igd_-. '

Accordingly any degréé of‘ waié <

lress or ]ncllf of mtrogen in plants may have tremendous lmpact
on growth and yleld of lhe crop (Decheneg, 007) Low sml mmsture tcnston wnll enhance thc‘
capability of the crop to absorh nutrlents f'rom the 5011 nnd lheref‘ore nutnent uvaliablllty would
be at its optimum level (Singh and Kumnr, 2009). Nltrogcn and water are directly related as
nitrogen needs water to be fu[ly dlssolved in the soil for casy uptake by the plant roots. But hlgh :
application of water to the snll w1II Ieud to leaching 0[' the fertilizer thus contnmmatm‘g_ the
underground surface therefore wnter and mtrogen havc io bc managed accordingly for their
better interaction hence superior crop yield. Water and nitrogen use efficiency differ great!y
between crop production syslems, region and mnnnucmenL in most arid and seml-arld nzg,wn of
under dt.vc.loped countnes, RWUE and NUE are often low due to low crop vields, de:.raded soil

fentility and water scarcity (Rocl.stmm and f' a]i\enmarl., "0!5 Rockstmm et ul 2013; Sanchez
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2010} Previous studies show that an increase in N supply accompanies an increase in water
uptake and WUE in wheat {Heithol, 1988) tomato (Kutek et al.. 2004) 1obacco (Brueek and
Senbayram. 2009) and grasslund ccosystem (Lu et al.. 2014). However, limited literatures on the
relationship between RWUE and NUE of sorghum, related species and other dry land crops have
been documented so this study will help to establish information on how the two concepts are

influenced by each other in the crop and related species.



CHAPTER THREE

MATERIALS AND METHOD

3.1 Deseription of experimental site

A field experiment was conducted during the 2015-16 cropping season at the Botswana
University of Agriculture and Natural Resources (BUAN) located at latitude 24.34°25°S and
longitude 25 50 00'E and 993 m above sea level. The site is located in the South Eastern part of
Botswana, which is a semi-arid climatic zone with a mean annual temperature of 26.4 C and
annual precipitation of 538 mm (1981-2015) (Legwaila et al., 2014). Most of the rain starts in
early November extending to March. In this study, soil physico-chemical properties, rainfali and
temperature were determined in Table 4.1 and figure 4.1; 4.2, Soil texture was characterized as
sandy loam, with low orgﬁnic carbon (2.1%) and CEC (4.33 cmol/kg) and acidic pH of 4.7. Due
to its sandy textui'é‘il i§ prediéte_d to have low water holding capacity as demonstrated by Salter
et al. (£966). Except for the month of March 2016, the site experienced low rainfall throughout
the experimental period, which averaged about 20 mm monthly. The site experienced high
temperature of 30-34°C which were recorded from January to March with February experiencing

the maximum temperature of 34°C and minimum temperature of 22°C,
3.2 Experimental field operations
3.2.1 Land preparation

The field was ploughed using a tractor mounted to o moldboard to prepare the scedbed, A further
preparation of the soil to attain a fine tilth was done using hand rakes; that was meant to improve

the acration, infiltration and to prevent air logging during crop growth. The area of 86.3 by
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12 6m was demarcated and divided into two egual halves to be used for the two planting dates of

the experiment,
3.2.2 Experimental design and treatments

A 2*4*3 factorial experiment was conducted in a split-split randomized block design with three
factors (2 planting dates, 4 plant population and 3 sorghum varieties) replicated four times. The
treatments were as follows; the main plots were assigned to planiing dates which were January
and February each measuring 43.15m by 12.6m. In the past, the recommended planting dates in
Botswana were between October and November, but due to the climatic change effect, rainfall
has rendered to come late than expected which led to shifting of planting dates. Due to the
shifting of planting dates this study focused on planting on January and February to find the

appropriate planting date for farmers with better utilization of nitrogen and water where January

was the recommended planting date. -

Sub-plots were assigned to four plant populations (60 000plantstha, 40 000plantstha, 30
000plants/ha and 20 G0Oplants/ha each measuring 5.6m by 5.15m. The 40 000plants/ha has been
the recommended plaﬁt population in Botswana (DSFRS, 1985; Jones, 1987). Due to limited
rainfull and shifted planting date, different plant populations was used to find out which plant
population will do well in the new planting date and if they will maintain high performance in
terms of yield, nitrogen use efficiency and water use efficiency. Given the limited rainfall and
shified planting date the populations were varied downward to find which least plant population
cun fit in the low water availability of Botswana and the new planting date. The spucing between
the rows was kept constant at 0,75m while the spacing between the rows varied as follows; 0.2m,

0.3m, 0.4m and 0.5m depending on populations. Sub-sub plots were assigned to the varieties



each measuring 3.6 by 2.2 m plots. A path ol 2m was left to separate the planting dates. whije |1
g h p g

m path was left to separate replications and 0.73m path was also left between varieties.
3.2.3 Plant materials and planting

Three sorghum varieties, Segaolane (locally released variety), PSL985050 and PSL.985028
(newdy released varieties) were obtained from the National Plant Genetic Resource Center
(NPGRC) at the Department of Agricultural Research in Sebele. Segaolane is an older locally
recommended variety which was released by the Ministry of Agriculture, Government of
Botswana in 1994 (Setimela er al., 1997). PSL985050 and PSL985028 are new released open
pollinated varieties by the Department of Agricultural Research. They were released to
outperform Segaolane such as resistance to qualia birds as they possessed some spikes on their
panicles and high yield potential. So this study aims at finding which variety will perform well in
terms of Nitrogen Use Efﬁciency-(’NUE) and Rain water Use Efficiency (RWUE) in which
planting date and plant population. A total of 3-5 seeds were planted per hill at a depth of

approximately 2.5cm. The population of 0.3 by 0.75m, January planting and Segaolane variety

were the control for the experiment.



Table 1.1 Variety's characteristics of interests to the study

tolerance, semi-dwarf plant stature,
drought tolerance, pood grain yield
potential (average 2.5-3.0t/ha)

| Va riety Chuaracteristics Reference

Segaolane Locally developed relensed variety with | Munamava  and  Riddoch,
Medivm maturity with high tillering | 2001, Gowda et al., 2009
ability, drought tolerant semi- dwarf
plant stature, good grain yield potential
(1.0-3.5t/ha).

PSL985050 Newly released variety. It is drought | Department of Agricultural
tolerant, semi-dwarf plant stature, | Research (2014}
drought tolerance, good grain yield
potential (average 2.5-3.0t/ha)

PSL985028 New released variety. It is drought | Department of Agricultural

Research (2014)

3.3 Soil sampling and fertilizer application

Soil was sampled for analysis of physical and chemical properties before planting. Sampling was
done from each sub- sub plot using an auger to a depth of 60 cm. Limestone ammonium nitrate
(LAN) containing 20% N was applied by broadcasting at the vegetntive (establishment) stage,

which coincided with 5 weeks afier emergence. The application rate was 0.3kg/ha of LAN

applied to each sub- sub plot, 1o balance N to the equivalence of 50 kg N per ha.

3.4 Agronomic management

3.4.1 \Vcedfng and thinning

'Five weeks after emergence, the seedlings were thinned to one plant per hill. Only streng and

héﬁlli\y_,séedlihgs were I:‘ﬁ. Weeding was done regularly by pulling By hand and using a hand-

held hoe to avoid competition for water, nutrients and other plant growth resources,




3.4.2 Pest control

At the beginning of boot stage, there was an outbreak of sugarcane aphid (Melanaphis sacchari)
and stem borer (Chilo partellus) in the first planting date treatment. 12ml of cypermethrin
chiemical was diluted in 10 1o 15L of water for the control of stem borer while 12ml of dectome

was diluted in 10L of water for controlling sugarcane aphids.
3.4.3 Rainfall measurements

Rainfall was measured with a rain gauge that was 9 cm in diameter and 20cm height. The rain
gauge was placed in an open field 5 m to the experimental field. Water in the gauge was
mensured manually using a graduated cylinder to an accuracy of 1 ml. The accumulated monthly

rainfall for the whole growing season was recorded.
3.5 Data collection and measurements

Eight randomly plants from the middle of the plots were selected to determine plant growth

parameters listed 3.5.1;
3.5.1 Plant growth parameters

3.5.1.1. Days to 50% emergence. Was recorded as the number of days from planting to when

more than 50% seedlings started to emerge from the soil surface.

3.5.1.2. Number of leaves. Only healthy and fully matured leaves were counted from the three

sclected plants at flowering stage.

3.5.1.3 Plant height (cm). The height was measured with a measuring tape to the nearest 1 cm
from the soil surface to the top of end of the flag at the beginning of booting.



3.5.1.4 Stem dinmeter (em). This was measured as the thickness of the stem using a caliper to
the nearest | mm. The measurements were taken from the lower part of the main stem.

3.5.1.5 Number of tillers- The number of productive tillers produced per each sampled plant
was counted till the flowering stage.

3.5.1.6 Days to 50% booting stage. This was recorded as the number of days plants had taken
for the flag leaf collar to start appears.

3.5.1.7 Days to 50% Panicle emergence. This was taken as the number ol days from seedling
emergence to when 50% of the plants show panicle exertion.

3.5.1.8 Days to 50% maturity. This was recorded as the number of days taken where 50% of
the plants have a black layer appearing near the point of the seed attachment in the

floret.

3.5.2 Data on yicld nnd yield components

The following components were measured from three randomly tagged plants from each

sub-sub plot.

3.5.2.1 Panicle size (¢m). This was determined by measuring the thickness of the panicle
using a string and a ruler.

3.5.2.2 Length of the panicle (em). This was measured from where the panicle is
attached to the stock to the tip of the panicle using a ruler.

3.5.2.3 Weight per panicle (g). This was computed as the average weight from the
randomly sampled plants using the top pan balance.

3.5.2.4 Weight of 1000 seeds (g). The 1000 seeds were counted using the electronic seed
counter and then weighed to the nearest 1 mg.

© 3.52.5 Abave ground biomass (AGB) (kg) - biomass was harvested from each sub-sub

plot at vegetative, boot, flowering stages. The biomass was cut at above ground
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level and then oven dry for 72°C for two days and then weighed using Top Pan
Balance to determine the mean dry biomass in kilograms.

3.5.2.6 Harvesting and grain yield (Gy) (kg/hu). Harvesting was done when the plants
had reached physiological maturity where a black layer is visible at the base of the
kernel. Harvesting was done using hand and a knife. Only middle rows were
harvested from each sub-sub plot in an area of 11.33m? while boarder plants were
left out. The area harvested was based on sub-sub plot which was 5.6 by 2.2 m.
The harvested panicles were hand threshed and the obtained grain were used to
determine grain yield for each varieties in each plant population from the two

planting date. The measured grains were converted to kilograms per hectare

(kg/ha).

3.5.2.7 Harvest index (HI) . This was calculated as the ratio of the total grain yield to

the total plant nbove ground biomass yield (Donald 1962)

HI =GY (kg/ha)AGB (3)
Where HI= Harvest Index
GY= Grain yield

AGB= above ground biomass (Stover + grain yield

3.6 Dct_crminatibn of Rainwater Use Efficiency (RWUE)

. Rai n_g\iate;_.usé cfficiency-was calciilated as the measure of abave pround net primary production
(ANPP) and grain .yii:ld (Gy) produced per total precipitation (TP) using the accumulated rainfall
RIS | ' | 31



from emergence to the end of the growing season and biomass harvested at each growth swge

(Chen et af.. 2003).  The formula was as follows;

Calculation was based on ground biomass and total accumulated rainfall during the eropping

season at different growth period.
RWUEanpp=ANPP (kg/ha) /TP (mm) (4)

Calculation was based on final grain yield and the total accumulated rainfall during the cropping

season.
RWUEgy= GY (kg/ha)/ TP (mm) {5
3.7 Determination of Nitrogen Use Efficiency (NUE)

The Micro Kjeldahl method (AOAC, 1975) was used for determination of nitrogen (N)
concentration and the calculation of nitrogen use efficiency (NUE) and its components were

done following the formula by Moll et al. (1982).
3.7.1 Soil and plant analysis
3.7.1.1 Grinding of plants materials

The dried biomass at harvest was grounded into powder using a grinder. The samples were

placed into the smallest sip locks according to the replications and treatments.
3.7.1.2 Digestion process

The sampled soil was passed through the sieve to remove foreign materinls. The samples were

processed for determination of physical and chemical properties. For digestion of both soil and



plant samples in determination of NUE using the Kjeldahl procedure, the digestion was done
with concentrated Sulphuric acid (H:80s). Samples of 1.25¢ were measured into digestion tubes
along with 20ml of selenium solution. Few drops of hydrogen peroxide were added to the

digestive tube. The digestive flasks were then placed on the digestion block at a temperature of
342°C for three hours. The mixtures were heated until white fumes can be seen. Then the tubes

were allowed to cool for 30-60 minutes. After cooling, the digestive solutions were transferred
into 250ml volumetric flasks and then filled to the mark using deionized water. The same

procedure was repeated for all samples both soil and plant materials.
3.7.1.3 Distillation process

A fier digestion, the sample solutions were distilled using 32% sodium hydroxide (NaOH). 25m|
of the digestive solution and 20ml of NaOH (32%) were measured in the digestion tube and 50ml
of indicating boric acid were measured into conical flask and placed under the receiving station.
The tube with a mixture of sample and NaOH was then placed under the receiving station to be
distilled to 150m! volume attaining a color change from gray to green due to emission of NH3 by

the sample. The same procedure was repeated in all samples for both soil and plants.
3.7.1.4 Titration process

The receiver solutions from the distillation process went through the titration process using 0.1%
hydrochloric acid (HCI). The titration was done by releasing several drops of HCI into the
receiver solution until a color from green to moderate pink appeared. The mli of the titrants used

was recorded.

3.7.1.5 Calculations
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N calculation for soil analysis. using the following formula;
N% = [(Vs - Vo)* N*[ 4007] Ws (6)
Where Vs (ml) = volume of the acid used in the titration of the sample

Vo (ml) = volume of the acid used to titrate the sample

N = molarity 0.01for HCI

1.4007 (mg) = constant related to the molecular weight of the N

Ws (g) = weight of sample

The calculated N was converted from percentage to decimals and then converted to kilograms

which will be used as total plant N at maturity (Nt).
N calculation for plants analysis, using the following formula;
N% = [D* 1.4007 * (Va -Vb} * N} Ws )]
Where D = dilution factor
1.4007 (mg) = constant related to the molecular weight of N
Va (ml) = volﬁme of the acid used in the titration of the sample
Vb = (ml) volume of the acid used to titrate the sample
N = molarity, 0.01for HCL

Ws (g) = weight of sample
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The caleulated N was converted from percentage to decimals and then converted to kilograms

{kg) which will be used as Nsoil

Determination of NUE and its components [nitrogen uptake cfficiency (NUPEf) & nitrogen

utilization efficiency (NUTEM)]| were done according to Moll ¢f af. (1982)
NUPEfT (kg/kg) = Nt/ Nsoil (8)
NUTEIT (kg/kg) = Gw / Nt (9

NUE (kg /kg) =Nt x Gw
Nsoil Nt (10)

Where Nsoil = N supply from the soil plus the added N
Nt =total plant N at maturity

Gw = grain weight at harvest

3.8 Data Analysis

Analysis of variance (ANOVA) was done using the SAS 9.2 statistical software (SAS Institute,
2004) using the PROC GLM procedures. Treatment means were compared using Least
Significant DifTerence (LSD) at risk level of 5% (P<0.05). For correlation analysis, the Pearson
correlation tests to determine the R or P value of linear correlations between varinbles were
éonductcd in Microsoft Excel. The P <0.05 was used to derive the significant difference unless

stated othenwise.

35



CHAPTER FOUR
RESULTS
4.1 Soil properties of the BUAN Sebele experimental site
Results presented in Table 4.1 show selected physico-chemical soil properties of the
experimental site in BUAN. As shown in the table, the soil is characterized as a sandy loam.
Sandy soils are associated with low cation exchange capacity (CEC) thus cannot retain, hold and
exchange nutricnts efficiently. Generally they have low CEC 4.33cmol/kg and hold fewer
nutrients, and likely to be subject to leaching of mobile "anion" nutrients. Low CEC soils also

have low pH, organic carbon and total N with the pH of 4.7 indicating that the soil is acidic

which agrees with the laboratory test.

4.2 Weather conditions at BUAN Sebele Experimental site

Botswana is generally known to experience convectional rainfall which occur heavily within a
short period of time accompanied by thunder and lighting. The rainfall is normally expected to
start in late October or early November. The 2015/2016 growing season was a very dry one with
no rain experienced in December 2015. Figure 4.1 shows the accumulated rainfall recorded for
the growing season. Little showers were experienced in January 2016 when the first planting
date was done. The rainfall extended to June with March experiencing the highest accumulated
level while little showers were experienced in May and June. The second planting which was
done on the 4* of February had the highest accumulated rainfall as compared to the first plunting

which was on the 4™ of January.

Figure 4.2 shows the monthly maximum and minimum temperature recording from January to

- June 2016. Tﬁe season was also characterized by high temperatures with some dry spells in
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between the months. Both the highest maximum and minimum temperatures were recorded in

February whereas the lowest were recorded in June. During the second planting date plants

coincide with period of colds in the last week of April during flowering as temperatures were

starting to drop as the winter season approaches.

Tabie 4.1: Selected physico chemical soil properties at BUAN Sebele Campus.

Soil properties
pH (CaCly)
Organic carbon (%)

Total N (%)
CEC (cmol/kg)

EC (cmol/kg)
Soil particle distribution %

Clay
Silt

Sand

Soil class

Value

4.7

2

-

0.43
4.33

25

13.8
13.4

72.8

Sandy loam
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‘Figure 4.1: Monthly rainfall distribution recorded at Sebele BUAN campus during the 2015/2016

growing season
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Figure 4.2: Monthly maximum and minimum temperatures recorded at Sebele BUAN campus

during 2015/2016 growing season.
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4.3 Morphological characteristics of sorghum as influenced by planting date, population
und variety.

4.3.1 Plant height

Ihe interactions (date*variety. date*population and  date*varicty*population) were  not
significantly different. while planting date (P<0.0001) and variety (P<0.03) signiticantly attected
plant height (Table 4.2). The tallest plants were observed in the first planting date as opposed to
the second planting date. Plant population also had significant influence on plant height where
high densely population produced the tallest plants while low densely population produced the
shortest height. The tallest plants among varieties were recorded for Segaolane under the high

population while PSL985050 had the shortest height at low density (Figure 4.3a).
4.3.2 Stem diometer

Planting date and variety interacted significantly (P<0.05) on stem diameter while non-
significant interaction was observed between date*pop and date*pop*var. Planting date and
variety significantly affect stem diameter (P<0.0001, P<0.05) (Table 4.2).The thickest stem
diameter was observed in the first planting. Figure 4.3b shows that population also varied
significantly in stem thickness. Generally, as the plant density gets reduced, the stem grew
thicker. Among varictics, Segnolane had the thinnest stem foflowed by PSL985028 and

PSL985050 having the thickest stem diameter.
4.3.3 Number of leaves

Number of leaves were significantly (P<0.05) influenced by the interaction of date*pop*var
while the interaction of date*pop showed a highly significant (P<0.0001) effect on number of

feaves. Planting date and varieties also significantly (P<0.0001) influenced number of leaves
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(Table 4.2). In regard to plant population, number of leaves diftered significantly Figure 4.3c.
Reduction in number of leaves was observed with an increase in plant population and Segaolane

recorded more leaves as compared to the other two varieties.
4.3.4 Number of tillers

The interaction of planting date and variety significantly (P<0.0001) influence number of tillers
meanwhile, while no significant interaction of date*pop and date*pop*var was observed. The
results showed that, tiller number was significantly atTected by both planting date and varieties at
P<0.0001 (Table 4.2). A significant difference was also observed among the population. High
population resulted in reduction in production of tillers while the lowest population enhances
tiller production. Segaolane, among the three varieties produced more tillers while the other
varieties, PSL985050 and PSL985028, produced almost similar number of tillers. No tillers were
produced in the second planting and while a highly significant interaction was observed between

date*var (Figure 4.4a).
4.3.5 Days to 50% flowering

Days to 50% flowering was significantly (P<0.05) affected by the interaction of planting date,
plant population and varieties (Table 4.2). The interaction of date and variety was also effected
days to 50% flowering (P<0.0001). Planting date and varieties also significantly (P<0.0001)
affected the number ol days to 50% flowering. D-cnscly populated plants took long to reach
flowering but were not significant from other populations. A significant difference in days to
flawering between the varicties was observed. Among the varieties, Segaolane reached flowering
stage carlicr followed by PSL985028 and PSL985050 which took long to reach the flowering but

it was niot significant from PSL985028 (Figure 4.4b).
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4.3.6 Days to 30% maturity

Ihe results on days to 30% maturity are presented in Table (4.2). The results showed a
significant (P<0.03) interaction of date*pop*var on days 30% 10 maturity. A significant
interaction of P<0.01 was also observed between date*var and date®*pop. On the other hand.
planting dates were significantly different at P<0.0001. Plants planted on the second planting
reached maturity earlier than those in the first planting. Varieties differed significantly (P<0.05)
on 30% days to maturity where PSL985028 matured early followed by Segaolane and
PSL.985050. Population had a slight significant influence on days to 50% maturity with

Segaolane taking long to mature in  high densely population (Figure d.dc).
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» ‘Tz'xb_le 4.2: Effect of planting date and sorghum varieties on morphologicul characteristics of sorghum

: 5 Va‘ricry — Days to 50% Number of Days to 50% Plunt height Main stem Numberof
: flowering leaves maturity (em) dinmeter (cm)  tillers
D1 - D2 Di D2 D1 D2 D1 D2 DI D2 D1 D2
‘Segaoolane 64.56c 52.63a 8a 5b 09.38a 77.63n 119588 98.34u 6.76c  4.52¢  2.00a nt
PSL985028 74.25b 60.25b 6a  4b 98.75n 64256 107.36b 92.99a 7.36b 5.41b  0.56b nt
PSL985050 76.44a 61.06b 53  4b 99.44a  66.63b 105.94b 94271 821a 6322  0.82b n
F-Statistics 20.52 1.13 83 6.8 0.39 10.27 1.14 0.64 470 7.63 7.68 0
Mean 71.75 5998 63 43 99.19  69.50 11096 9221 7.44 542 113 0
Dﬂtc kK *Ey LR L2 EEL ] * %k
Var e wer * * * rrx
Date*Var b ns e ns * e
Date *pop ns ns ** ns ns ns
Date*pop*var A t * ns ns ns

Mecans followed by the same letters in the same column are not significanily different at P<0.05, ***, ** * indicate significant differences at P<0,0001, P-0.01
and P<0.05 respectively; and ns - nonce significant difference et P>0.05 while nt indicute no tillers. DI - First planting date (04 Junuary 2016), D2 - Second
planting date (04 February 2016).
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4.4 Biomass production at different growth stuges as influenced by planting date, plant

population and varieties

4.4.1 Biomass at vegetative stage (BVp)

Results from sampled plants harvested at the vegetative stage showed a non- significant
interaction of date*pop*var and pop*var however date*var interacted significantly (0.01) on
biomass at vegetative stage. The two planting dates significantly (P<0.0001) influenced biomass
accumulation. The varieties also differed significantly (P<0.01) in terms of biomass production
with Segaolane producing the highest biomass as compared 1o other varieties (Table 4.3).
Papulation also had a significant influence on BVg. Low densely population was significantly
difference from other populations as increase in biomass was recorded as population decreases

(Figure 4.5a).
4.4.2 Biomass at booting stage (Bbt)

The interaction of date*pop*var, pop*var and date* var had no significant effect on production
of biomass at booting stage. Though, planting date and varieties had significant (P<0.0001,
P<0.01) effect on biomass at booting stage (Table 4.3). PSL985050 produced the highest
biomass followed by Segaolane with PSL985028 having the least biomass. Population also had
an influence on BBt. The highest biomass was produced in the medium low population while
biomass produced in high and medium densely population was not significantly differcnt

between the two populations (Figure 4.5b).
- 4.4.3 Biomass at flowering (BF1)

'Results showed that all the interactions did not significantly affect biomass at flowering were

pmsénzcd in Tablé 4.3. However, a significant difference between planting dates (P<0.0001) was
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observed. There was also a significant difference (P<0.01) between varieties. Segaolane
produced the highest biomass followed by PSL985030 while PSLL985028 produced the {east
biomass. Plant population also affected biomass production as the least amount of biomass was

produced in the lowest population with medium low population having the highest biomass

{Figure 4.6a).
4.4.4 Biomass at physiological maturity (BPm)

Biomass at physiological maturity was also determined and the results revealed a significant
interaction of date*var while pop*var and date*pop*var had no significant effect on the biomass
production. The two planting date were significantly different at P<0.0001 (Table 4.3). A non-
significant difference was also observed between the varieties where Segaolane had an
outstanding biomass production as compared to other varieties. Plant population effect was also
indicated V'by the results. An inverse relationship was observed between BPm and plant
population where the results shov)cd that as population decrease from highly densely population

to medium low population, biomass production increases (Figure 4.6b).

4.4.5 Grain yield (Gy)

The ré'sﬂlts in Table 4.3 showed that date*pop*var interacted significantly P<0.05) to influence
grnm ylcld “The mteracuan of date*var also significantly (P<0.01) influenced grain yield. A
sngm[’ cnnt (P<0 000!) difference of planting date and varieties on grain yield was also observed
: thure 4.6c mdlcmes a mgmf‘ icant difference between populations. The n.sulls also showed that,

as popula_uon dccrcascs, grain yield also decreases. Among the varicties, Segaolane yielded best

" followed by PSL985050 with PSL985028 producing the lowest yield.
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‘Table 4.3: Effect of planting datc and sorghum varieties on biomass production und grain yield at different growth stages.

" ‘Varlety BVg (kg/ha) BBt (kg/ha) BFI1 (kg/hy) BPm (kg/ha) Gy (kg/ha)
DI D2 o op2 DID2 DI D2 DI D2
Segaolane 33.64n  791b 79.88n 44.99ab 149.95a 80.51b 783.63a  123.64b 373.48a 62.51a

PSL985028 23.17a  7.66b 70.653 36.06b 10944n 52.83b 676252 129.37b 269.87b 52.60a
PSL985050 2525b 8.1la  9834n 49.08b 149.45a 67.54b 742.06n  142.55b 281.51b 63.80

F-Statistics 1.54 125 198 0;75 145 2.56 1.25 1.04 4.59 1.16
Mean 2735 789 8295 4335 13628 6696 733.65 131.78 308.28 59.63
Date L2 *k¥ kR kA% kX

Var » L] L2 % ns xR
Date*Var b ns ns » L
Pop*Vur ns ns ns ns ns
Date*pop*Var ns ns ns ns *

Mcans followed by the same letters in the same column are not significant difference ut P<Q.05.; ***, **, * Indicate significantly ditTerent at P<0.0001, P<0.01
and P<0.05 respectively; and ns — not significant at P>0.05.Where BVg - biomass ut vegetutive stage, BBt — biomass ut booting stage, BF1 - biomass ut

_ flowering, BPm ~ hiomass at physiological maturity and Gy - grain yield, DI - First plunting dute (04 January 2016) und D2 - Second plunting date (04
February 2016.
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4.5 Plant population and variety effect on RWUE at different growth stages

4.5.1 Rainwzater use efficiency at vegetutive stage (RWUEVp)

Plant population showed significant effects on RWUE at different growth stages of sorghum,
The mean average RWUEVg was higher at highest density and then dropped in the medium
density. A slight constant increase in RWUEVg was observed between medium low and low
densely population. Among varieties Segaolane had the highest RWUEVg as compared to other
varieties. The same trend of constant increase in RWUEVg for Segaolane was also observed in
medium low and low densely populated plants. PSLL985028 experienced the highest RWUEVg at
medium low population while PSLL985050 had the lowest RWUEVg in all population except

high densely population (Figure 4.7a).
4.5.2 Rainwater use efficiency at booting stnge (RWUEB{)

The results in Figure 4.7b showed that, the mean average RWUEBt and RWUEBt among
varieties varied accordingly among the papulation. A constant slight incresse of average
RWUEB! was observed as plant populations get reduced. A varietal variation was also observed
as PSL985028 had the highest RWUE in medium low and low densities with PSL985050 had the
lowest RWUE in all population. Segaolane had a slightly higher RWUE than other varieties at

medium density.

4.5.3 Rainwater use c¢fficiency at flowering stage (RWUEFI) and physiological maturity

(RWUEPm)

As summarized in Figure 4.8a and 4.8b, plant population had an effect on RWUEFI and
| RWUEPm The same trend was observed in both stages where RWUE was high ot high

p'opula’t‘ibn, then dropped in the medium density. A constant increase was then observed in
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medium low and low population densities. Between the three varieties, Segaolane had the
highest RWUEF) as compared to other varieties in medium low density but then dropped in low
density. RWUEFI for PSL985050 was increasing as the population reduce from high densely
plants to medium low population and then experienced a slight drop in low densely population.
PSL985028 had the lowest RWUEF! in all populations with a constant increase in medium low
and low density. At maturity RWUE for Segaolane was increasing with decreasing population
from high to medium low density. As for PSL985028, the highest RWUEPM was observed at
high density and get reduced in the medium low density and then increase again in the medium
low to low density. The lowest RWUEPm was observed in the lowest population for

PSL985050.
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4.6 Effect of plant population and variety on Grain rainwater use efficiency (RWUEGY)
and Grain yield (Gy).

Grain RWUE and grain yield were also affected by plant population and varieties as shown in
Figure 4.9a and 4.9b. The same trend was observed in both RWUEGy and Gy. Average mean for
RWUEGY and Gy was constant from high population to medium density but then experienced a
slight drop in low density. Varietal variation was also observed among the varieties. Segaolane
had superiority in terms of RWUEGYy and Gy over other varieties. It had a decreasing RWUE
with decreasing plant population. An increasing RWUE for PSL985028 was showed in medium
low density with a slight fall in low population. Low RWUEGy and Gy were recorded for

PSL985050 in the lowest population.
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4.7 Rainwater Use Efficiency as influenced by planting date, population and varieties at
different growth stages.

4.7.1 Rainwater Use Efficiency at Vegetative stuge (RWUEVy)

As summarized in Table 4.5, no significant interactions of date*pop*var and pop*date were
shown on RWUEVg but the interaction of date*var had significant {P<0.01) impact on
RWUEVg. A significant difference (P<0.0001) was observed on RWUEVg during the two
planting dates. Varicties were also significantly different at P<0.01. The results in Figure 4.10a

showed that Segaolane was more efficient in water use than the other varieties.
4.7.2 Rain Water Use Efficiency at Booting (RWUEBLt)

There was no significant interaction of date*pop*var and pop*var on RWUEBt while the
interaction of date*var was significant (P<0.05) on RWUEBL. On the other hand RWUERt
decrease significantly (P<0.0001) as planting date is delayed. A significant difference between
varicties was also obse_rved (P< 0.01). As highlighted in Figure 4.10b, PSL985050 was more

efficient at booting followed by Segaolane while PSL985028 had the least R WUE.
4.7.3 Rain Water Use Efficiency at Flowering stage (RWUEFI)

The results “showed no significant interaction of date*pop*var and pop*var on RWUEFL.
However, date*var was found to be significantly P<0.01 interacted well on influencing
RWUEFI. A significant difference was also observed between planting date (P<0.0001) and
varicties at P<0.01 (Table 4.5). Varicties were also significantly different (P<0.01) as
PSL985028 was efficient in terms of rain water use lollowed by Segaolane while PSL985050

had the least RWUE (Figure 4.11a).
474 l'{'uin' \Vuter_ Use Efficicncy at Ph}'siological matu rity (RWUEPMm)
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Fhere was no significant interaction of date*pop*var and pop*var while a significant interaction
(P<0.05) was noted for date*var on RWUEPM. RWUEPM was significantly affected by planting
date at P<0.0001. The results also revealed a significant difference (P<0.05) between the
varieties (Table 4.4). As summarized in figure 4.11b. varietal variation was observed within
population. Segnolane was more efficient at maturity in the medium low density followed by

PSL985050 in low density while PSL985028 had the least RWUE in the lower density.
4.7.5 Grain Rain Water Use Efficiency (RWUEGYy)

The interaction of date*pop*var had a significant (P<0.05) effect on RWUEGYy while the
interactions of date*var was highly significant at P<0.0001). It was also shown that planting
dotes were significantly difference at P<0.0001. More RWUEgy was recorded in the first
planting as compared 10 second planting. Varicties also varied significantly at P<0.0001 (Table
4.4). Figure 4.1 1c showed that the highest RWUEgy was experienced by Segaolane followed by

PSL985028 with PSL985050 having the least R WUEgy in almost all populations.
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* . Table 4.4: Effect of planting date and sorghum varicties on rainwater use efliciency at different growth stage.

' Varicty RWUEVg RWULBt RWUEFI RWUEPm RWUEGy

| (kg/ha/mm) (kg/ha/mm) (kg /h/mm) g/l (kg/ha/mm)
DI D2 DI D2 DI D2 DI D2 DI D2

Seynolane 0.63a 0.04b 1.28b  0.23b 1.5 0.37b 3.39a 0.48b 1.62b 0254
PSL985028 0.43b  0.04a 1.04b (‘)'.vl“Sb ‘,l.61u 0.24b 2922 0.51b 1.17b 0.21a
PSL985050 ’0.47h 0.04a 1.44a 0.25b 0.9b 0.31a 3.21a 0.57b 1.22b  0.20a
F-Statistics 1.54 1.52 1.47 0.75 .37 2.53 1.25 1.03 4.63 1.17
Mean 0.51 0.04 1.25 0.22 1.33 0.31 3.18 0.52 1.33 0.24
D‘uc ek sk * ¥k LE L] "ok
vﬂr g ok x * L X2
Dnlc*Vur k% * R * *r
Pop*Var ns ns ns ns ns
Date*Pop*Var ns ns ns ns *

Mcans followed by the same letters in the same column are not significant at P<0.05.; ***, **, * Indicate significant differences at P<0.0001, P<0.01 und P-0.05
respectively; and ns - not significant difference at P>0.05. Where RWUEVE= rainwater use efficiency at vegetative stage, RWUEBL = minwater use efTiciency
at hooting, RWUEFI= ralnwater usc efficiency at lowering stage, RWUEPM = minwater use elliciency at physiological maturity, RWUEG) = Gruin ruinwater

use efficiency, D1 — First planting date (04 January 2016), D2 — Second planting dute (U4 February 2016)
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4.8 Effects of planting date, populations and varicetics on yield components

Resudts on yvield components (panicle length, panicle thickness, panicle weight, and 1000 seed
weight and hanvest index) are presented on Table 4.5, The results showed non- significant
interaction of date*var, pop*var as well as date*pop*var on all yield components. However a
significant differences (P<0.0001) between the planting dates was shown on all the yield
components except harvest index (HI). A significant difference was observed between the
populations with an increase on panicle length (PL) as population decreases. A descending trend
was observed on panicle thickness (PT), panicle weight (PW) 1000 seed weight (1000SW) and
harvest index (H!) as population decreased. There was no significant difference between
varieties on PT, 1000SW and HI while significant differences were observed between varieties
for PL and PW (P<0.0001, P<0.01) respectively. In this case Segaolane had the highest PW, PL,
1000SW followed by PSL985028. On the other hand PSL985050 had thickest panicles followed

by PSL985028 with Segaolane producing thinnest panicles.
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Table 4.5: Eflect of plant date. plant population and sorghum varieties on yield components of

sorghum.

Date PL(cm) PT (em) PW (g) 1000SW (g) 8]
Jan 21.74+£0.48n 11.3620.22a 40.85+3.79a 32.81+£3.506a 0.44+0.12a
Feb 17.68:0.48b  7.86+0.22b 14.11£3.79b 16.66=3.56b 0.54%0.12a
Population
High Density 19.07+0.68b  8.71£0.31b  20.25+3.79c  18.33+3.56b 0.38+0.12¢
Medium Density  20.17x0.68b  8.89+0.31b 254443790 26.1043.536a 0.55x0.12ab
fgcdi_um low 22.60+0.68a  10.36+0.31a 31.41%3.79a  26.24+3.56a 0.43+0.12bc
ensity
Low Density 22 8020.68a 10.47+0.31a  32.85+3.79a  28.26+3.56a 0.59+0.12a
Variety
Segaolane 23.48+0.59a  9.26+0.27a 29.47+£3.79  26.67£3.56n 0.51%0.12a
PSL.G85050 19.64+£0.59b 10.00£0.27a  25403.79ab 23.11£3.56a 0.49+0.12a
PSL985028 20.51£0.5%9b 9.56+0.27a 27.59+3.79b 24.42+3.56a 0.47+0.12a
F-statistics 6.17 5.3 8.71 5.04 2.89
Mean 21.209 9.608 27.486 24.732 0.489
Dllte L3 E L2 2 2 L 3 L2 2 ] ns
Populution ok & %k ok ok LE 3 ok %
Date*pop £ L ns ns ey
Var L ns o ns ns
Date*var ns ns ns ns ns
Pop*Var ns ns ns ns ns
Date*pop*Var ns ns ns ns ns

Means followed by the same letters in the same column are not significant at P<0.05 using the Least Significant
Difference (LSD). ***, **, * Indicate significantly different at P<0.0001, £<0.01 and P<0.05 respectively; and ns —
not significantly different at P>0,05, Where: PL — panicle tength, PT ~ panicle thickness, PW — paniclc weight,
1000 SW - thousand sced weight, and HI —harvest index



4.9 Effect plant population and variety on uptake, utilization and efficient use nitrogen
4.9.1 Nitrogen Uptake efficiency (NUPE(T)

Figure 4.12a shows uptake efficiency as influenced by plant population and varieties. The
highest nitrogen uptake efficiency (NUPELT) was noted in the medium low density with lowest
population having the lowest NUPET. Among the varieties Segaolane had the highest UPEfT in
comparison to other varieties. The highest NUPE(T was obtained at medium low density and
experienced a sudden drop in low density. The lowest NUPE(T was recorded for PSL985028 in

medium density and Segaolane in low density.
4.9.2 Nitrogen Utilization efficiency (NUTE(T)

Figure 4.12b shows plant population and variety effect on nitrogen utilization efficiency
(NUTEfT). The mean average NUTEFT was influenced by population where the highest NUTE(T
was recorded at medium density while the lowest was recorded at high densely population. A
varietal difference was also observed where the highest and the lowest NUTE(T were obtained by -
PSL985028 in medium density and highly populated density respectively. Segaolane had the
highest and the lowest NUTEIT at low and high densely population while PSL985050 had the

least NUTEST in medium low densities.
4.9.3 Nitrogen use efficiency (NUE)

NUE was also influenced by plant population and variety. The mean average NUE was increased
with an increasing population but declined in the lowest population. Segaolane had the highest
NUE as compared to other varieties. The highest NUE was noted in the medium low density for
Segnolane but the cfficiency went down in low population. There was no difference between

PSLO85050and PSL985028 in terms of the efficient use of nitrogen (Figure 4.12c).

63



70
. 60
1y}
g 50
= a0 —g—MeanUTLEff
§ 30 =f#—Segaolane
-
3 20 ~=i#r—PSLI85050
10 = PS1 985028
R N, e R R e S el S e M Tl
(5] 4 3 2
b) Plant Population (X 10 000/ha)
12 |
10 5
E
e
| E 2 . eanNUE
| = =f=Segaolane
o s —tr—PSL985050
! 2 1 —=PS1985028
' 0 s e E=s T T T 1 l
6 4 3 2 !
| Plant Population( X 10 000/ha) |

|
Figure 4.12: Effect of plant population and sorghum varieties on nitrogen uptake efficiency
(NUPE(Y) (a) and nitrogen utilization efficiency (NUTEfT) (b) and nitrogen use efficiency (NUE)

(c).




4.10 Nitrogen Use Efficiency and its components as influenced by planting date, plant

population and variety.

-

Results represented in Table 4.6 show a summary of NUE and its components for the sorghum
varieties investigated. There was a significant interaction of P<0.05 between date*var and
pop*date on NUPLfT and NUE while significant difference of P<0.01 was observed on NUTLE(T
between date*var. No significant interaction was observed between date*pop*var and pop*var
for NUPEf. On the other hand, date*pop*var was also not significant for both NUPE(T and
NUE. The results also revealed that planting date had a significant effect (P<0.0001) on both
NUE and its components (uptake efficiency and utilization efficiency). The first planting date
has the highest nitrogen uptake and utilization efficiency hence the highest NUE. A significant
difference was observed between the varieties for nitrogen uptake efficiency (NUPEfT) and
utilization efficiency (NUTLEfT) (P<0.05) while NUE was significant (P<0.0001) between the
three varieties with Segaolane having the highest NUPEfY and NUE. Figure 4.13 shows that

varieties differed significantly within population for NUPE{T, NUTEff and NUE.
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Table 4.6: Effect of planting date and sorghum varicties on NUE and its components.

Variety UPEIT (kp/kg) UTEIT (kg/kg) NUE (kg/kg)

DI > DI D2 D1 D2
Segaolane 0.14a 0.02b 33.44b 48.18a 10.52a 2.23a
PS1.985028 0.12ab 0.03ab 53.30b 33.02ab  536b 1.29a
PSL985050 0.08b 0.04a 70.95a 30.98b 3.36b 1.05a
F-Statistics 2.14 0.94 4.07 1.52 3.71 1.57
Mean 0.12 0.03 59.23 37.39 7.08 1.51
Date ¥k *kk x¥E¥E
var * * * %%
Date*Var * e *
Pop*Var * ns #
Date*Pop*Var ns | ns ns

Means followed by the same letters in the same column are not significant at P<0.05; ***, **, * Indicate
significantly different at P<0.0001, P<0.01 and P<0.05 respectively: and ns - not significantly different at P<0.05.
Where, NUPEfT- nitrogen uptake efficiency, NUTEfT- nitrogen utilization efficiency, NUE- nitrogen use efficiency,
D) - First planting date (04 January 2016), D2 - Second planting date (04 February 2016).
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Figure 4.13: Effect of plant population and sorghum varieties on nitrogen uptake cfﬁcienc;v
(UPEY) (a), nitrogen utilization efficiency (UTLEIT) (b) and nitrogen use efficiency (NUE) (c).
Different letters within a population indicate significant difference at P<0.05. Error bars indicate
standard error of the mean.
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4.11 Correlation and regression analysis

Fhe relationship between RWUE and Gy during the two planting dates is shown in Figure 4,14,
A signilicant strong linear relationship was found between rainwater use efficiency (RWUE) and
grain yield (Gy) on the first and the second planting date with coefTicients of R*=0.99,
(P<0.0001) and R*=1.00, (P<0.0001} respectively. The results in Figure 4.15 show a relationship
between RWUE and biomass for the two planting dates. A non-significant relationship was also
observed between RWUE and biomass with coefficients of R*=0.01, (P>0.43) for the first
planting and R*=0.06, (P< 0.1) for the second planting. Relationship between harvest index (HI)
and Gy swas presented in Figure 4.16. The results revealed a significant positive linear
refationships in the first planting (R*= 0.67, P<0.0001) and second planting date (R* = 0.38,
P<0.0001). With respect to harvest index and biomass at physiological maturity, a negative and a
non-significant relationship was observed between the two parameters in the first planting (R? =

0.40, P<0.0001) and (R*=0.18, P>0.24) in the second planting (Figure 4.17).

Results presented in Figure 4.18 show the relationship cffects between RWUE and nitrogen uose
efficiency (NUE). A linear positive and significant relationship was observed in the first planting
date (R’=0;32, P<0.000!) and second planting (R*=0.56, P<0.0001). The relationship between
grain yield (Gy) and nitrogen use efficiency (NUE) was presented in Figure 4.19. There was a
positive l'z'md significant linear relationship that was observed between Gy and NUE (R*= 0.32,
P<0.0001) for the first and (R? = 0.56, P<0,0001) for the second planting date. A non- significant
relationship was observed between NUE and biomass during the first planting date (R* = 0.01,

© P>0.47) and (R*0.04, P>0.12) in the second planting date (Figure 4.20).
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Figure 4.14: Relationship between grain yield (Gy) with rain water use efficiency (RWUE)
during the first (a) and second planting date (b). Where: First planting date — 04 January 2016,

second planting date — 04 February 2016.
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CHAPTER FIVE
DISCUSSI ON

5.1 Effect of planting date, plunt population and varieties on morphological characteristics

of sorghum.

5.1.1 Plant height

Plant height was significantly affected by planting dates, plant population and varieties. Early
planted plants grew taller with thicker stem diameters while late planted ones showed stunted
growth with thin stems. The results may be attributed to growing conditions like day length and
also management condition like early planting and abundance of resources. Thus the conditions
were favorable to early planted crops and unfavorable to late planted crops resulting in stunted
and thinner crops. Reduction in pluht height exhibited by late planted crops can be associnted
with unfavorable weather conditions such as low temperatures towards the end of the growing
season and during crop maturity. As adaptation ‘strategy, when the growing period is limited
plants assimilate and mature faster in order to avoid unfavorable conditions resulting in stunted
nnd llnnner plants (lsmu:l & Ali, 1996; Moosavi er al., 2012;). Jafari (2010) also showed that
V-Iute plantmg led to a decrease in plant height as well as stem diameter in millet. However,
| Hadcbc (2017) c_nmcd a study in South African climatic conditions found that; late planted
sorghum varicties tend to grow taller. Longer and thinner shoots were associated with lower
biomass accurnulation under severe water stress for the late planting date. The difference in the

results may be due to the type of the climate experienced in those two locations and the different

type of varieties of sorghum used.

Wuh n:spcu to plzmt pnpuluuon. sorghum planted at hlghcr populmmn tends to grow taller than

when plnnlcd at lhc lowest population. The tall plants observed under high plam population may

76



be the results of inter plants competition for sunlight hence the plants try to outcompete cach
other by growing taller to reach for maximum light. Several studies (Miko and Manga, 2004:
Kiniry, 1988) observed similar tendency of plants growing taller under high plant population
with lower light level and greater inter plant competition for light resulting in taller and tender
plants. Imam and Ranjbar (2000} suggested that the increase in plant height as plant population
increases was associated with increase in inter- plant completion over radiation and disruption ol
growth regulator balance. Reduction in light dispersion into the middle and lower strata of the

canopy due 10 high plant population decreases auxin decomposition and consequently plant

height.

The three varieties used in this study (Segaolane, PSL985028 and PSL98505) presented a
varying range of morphologicul characteristics. This shows that the varieties used in this study
could be dismnt relativés as they showed no similaritics in morphology during growth as the
clTecl -on planl he:ghl was smnﬁcar‘t. Varmuan in plnnl height among the varieties may be
assocmled wnlh dlff'erent geneuc' makc up nf the plant species. Ayub et al. (1999) observed
dlﬂlrence tn ‘plam helght nmong varieties and attributed the differences to genetic make- up of

_‘_lhe crop Slmllar results were nlso obmmed by Bnhar et al. (2015) who carried a study on

“'sor[,hum and reported dlﬁ'ercnt plﬂm heu,hl nmon;, the varieties which could be the results of

gcncﬂc fncmrs within thc varieties.
5.1.2 Stem diameter

| Enrly p!amcd sorghum varieties lcnd to havc. tluckt.r stem diameter os compared to those planted

- .‘Iatc thlckcr stems during the early planting date maybe due to favoruble growing conditions,

3 udequale amounl of' water and maximum day length during the full grm\ ing c:)clc Moosavn et al.

f
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(2012) concluded that reduction in stem djameter exhibited by late planted crops can be
associated with low temperatures which are experienced when the crops were reaching their
maturity thus leading to early assimilation and quick maturity of the plants in-order to escape the

cold period.

The results revealed that, the effect variety had significant differences in stem thickness for both
planting dates as PSL985050 had the thickest stem followed by PSL985028 and then Segaolane
with the thinnest stem. This may be related to genetics of the varietics as some are fleshy hence
thick stems; among the planted varieties PSL985050 was fleshier than Segaolane and
PSL985028. Considerable variation among the varieties was observed on stem diameter by
Konuskan (2000) and also found out that even under the same environmental and management

condition the varieties recorded varying stem thickness.

However, n decrease in stem diameter as population increases was revealed on this study, which
could t'ﬁenn that the plant population had a negative effect on all planted varieties. The highest
stemn diameter was observed at the lowest planting population of 20 plants per m2, The decrease
,mq)-(: be'asso;iutcd[véith- inter specific competition on resources and hence lessen photosynthetic
cup.xcuyo[‘ tlhe. crop, ﬁssﬁﬁilule‘pmdUtlion and its partitioning and thus cause a decline in stem
dinméter.‘-z'nnd"a‘nd Shakiba (2013) noted that reduction in stem diameter as plant population
increased in sorghum can be linked to decline in assimilate allocation as well as inter-plant

competition, Konuskan (2000) and Mobaser et al. (2007) also reported decrease in stem diameter

with increasing population may be due to inter plant competition.
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5.1.3 Number of tillers

Ihe development of tillers is an essential characteristic that atTect the accumulation of biomass
and as well as grain vield in many cereal crops. The intensity of tillering is a varietal
characteristic which can be caused by environmental factors, management practices or the crop
genotype. Planting date and varieties had an effect on the number of tillers produced as varieties
planted late produced no tillers as compared to those planted early. When sorghum is planted
late, its growing period will be limited as the growing season shortened; this then means the
plant does not reach a stage where it could produce tillers. In this study early planted Segaolane
produced more tillers as it had the capability to compensate for yield especially at lower densities

by producing tillers while the other varieties do not have the highest tillering mechanism.

Similar results were reported by Shamme et al. (2016) where number of tillers differs among
sorghum varieties planted at different planting dnte which are also due different genetic makeup
of the varieties. Bruns and Horrocks (1984) indicated that a varied range in tiller number exists
in grain sorghum depending on varicties and growing conditic;ns; therefore it means that number
of tillers is highly affected by the genotypic effect. Ishaq (1996) also observed significant
" dilferences on tillers produced when different varieties were managed under same conditions and

also noted tillers are initiated at leaf stage and variety differ in their tillering ability.

Like most crops in the Gramineae family, sorghum has the ability to grow tillers that can also be
productive under a suitable environment. Tillers development depends mostly on the availability
of water supply, planting season and plant population. The results of this study revealed that an
inéreuse in plant population resulted in fewer tillers. The highest average number of tillers of

ﬁbuﬁl 1.3 was obtained at the lowest plant population while the lowest average number was 0.5
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at the highest plant population. The high number of tillers in the lowest plant population may be
due to enough space between the plants in such that the tiller experience minimum competition
for resources as compared 10 high population where there is high competition for resources hence
reducing the stimulation of tillers. The results are line with those of Zand & Shakiba (2013) who
reported the highest number of tiller of 3.18 with low density. Mosavi et al. (2009) also reported
that an increase in plant population results in a decrease in number of tillers due to insufficient
penetration of light through canopy. Other studies in sorghum by Dijanaguiraman and Ramesh
(2013); Mahmoud er al. (2013): Snider e al. (2012); Mosavi et al. (2009) reported similar results

where increase in density per unit area reduced tiller number.
5.1.4 Number of leaves

One of the most important plant growth parameter is the leal which is the primary part of
photosynthesis in plants; therefore it is assumed that a plant with more number of leaves would
perform better in photosynthesis subsequently having a higher yield. The number of leaves
between the varieties planted at different dates and plant populations was significantly different.
Early planting resulted in more leaves produced while late planting resulted in reduction in
.ynui'l;bcr of‘:. leaves. The reduction in number of leaves in the late planting may duc to
inappmpﬁﬁte plﬁnting date which caused the plants to produce fewer [caves as growth and
development of the plant is inhibited by poor growing conditions. Similar observation on
sorghum were made by‘Azrag and Dagash (2015) who reported that, planting date had a
significant effect on number of leaves which may be activated by favorable conditions during the
vegetative growth, Hadebe (2017) reported lower average leaf number when sorghum is planted

late under climatic conditions of Pietermaritzburg, South Africa due to irregular minfall during

the late planting season.
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Plant population had a negative effect on the number of leaves; with an increase in plant
population resulting in lower number of leaves and vice versa, Competition for nutrient. water
and sunlight could be attributed 10 the decrease in plant leaf as plant population increases in the
late planting. This may be due to the fact that high population resulted in fast leal sencscence,
increased leat shading and decline in net assimilation of the crop. The results confirmed the
findings by Miko and Manga (2008) in which highest leaf number was obtained from the lowest
plant population. Segaolane had more leaves as compared to PS1.985050 and PSL985028,
PSL985050 and PSL985028 varieties had the lowest number of leaves because they experienced
low leafl development and retention during the hot days of the growing season as compared to
Segaolane which seemed to withstand the hot period better. Similar results were found by
Hadebe (2017) who reported variation on number of leaves among sorghum varieties which was

attributed by penotypic differences.
5.1.5 Days to 50% flowering and maturity

Planting date, pluht population and varieties influenced the number of days to 50% flowering and
maturity. During the cérly planting date the day length was very long and the observation
2 Sho;vcd that ﬂowefing was highly influenced by day length. That was because during the first
plﬂniing ddle:ﬂowcring was at its maximum and in the second planting date, flowering was at its
towest due declining in day length as the winter season approach. Most cereal start flowering
when the day length shortens; thus in this study the crops planted early took long to initiate
flowering as compared to those planted late. Reduction in number of days to flowering and
maturity as planting date was defayed may be attributed by shorter day length which caused the
plants to-grow faster in-order to escape the cold season. The results are consistent with those of

Conley and Wiebold (2003) who explained that the decrease in number of days to {lowering
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which fead 10 early maturing as planting date was delayed was due 1o slow emergence and less
rapid accumulation of heat units as compared to early planting dates. Similar results were also
obsenved on sorghum by Bhosale (2012) who reported a decrease on number of days 1o
flowering with late planting date. Decline in temperature during flowering and grain
development as well as shoner day length as the winter season approaches during the late
planting date resulted in plants flowering early and maturing faster 10 escape harsh conditions.
Pauli et al. (1964) also reported similar results with decrease in number of days to maturity as

planting date was delayed.

The results showed that, at high plant population number of days taken by the plants to flower
increases. That may have been linked with limited resources due to inter-plant competition as
high plant population encourages inter-plant competition. However the resulls were not
significantly different. In contrary Zand and Shakiba (2013) reported that high plant population
reduce days to 50% ﬂoWeﬁﬁé of s'brghuni which was more likely to be caused by inter-plant
completion for resources hence early flowering to avoid plant resources starvation. Regarding
days to maturity, the inﬂuenée of plant densities was not significantly different though plants in
 the I'o‘\'v'c'r_densit;y‘mﬁtti::'ed a bitlcarlier ;han those in the dense and medium poph!ation. Delayed
muiuntymlhc ib\ifcf'denscly population was associated with low inter-plant competition as
compared to high pobulﬁlibn as -.r;uc'h plantsv planted at lowcrrplant' population. In contrary, Tabo

et al. (2002) reported that densclly j)lnnted sorghum matured faster than those ‘widcly spaced.

Days to 50% flowering and maturity hastened for all the varietics during late planting in order to
- escape !Jo_Lh pre and post-unthesis water stress and the cold period. This resulted in early
ﬂowcrmg_,, decrease grain and btomass yield. Segaolane reached flowcnng earlier 1han other

\ancues but renchcd maturity at almost the same time as PSL985030 The delav in mntumy for
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Segaolane may be due 10 slow seed filling and development of the variety. PSLY985050 and
PSLORS028 reached 509 Rowering almost at the same time but PSL985028 100k longer period
of time to reach 50% maturity. These differences are generally due to the genetic make- up of the
individual variety because PSL985050 and PSL985028 are early maturing while Segaolane is a
medium maturing variety. The results corroborate with results of previous study by Abdalla

(1991) who observed varietal significant difference on number of days to reach 50% flowering

and maturity.

5.2 Effect of planting date, plant population and varicties on biomass production at
different growth stages of sorghum.

The potential yield of a crop is reliant on its biomass production, which is related to the total
above ground biomass production. Planting date, plant population and varieties had both positive
and negative impact on soi-ghum biomass production. The highest biomass was recorded on the
plants planted early while the lowest biomass was recorded with late planted plants. The
differences observed between the planting dates could be attributed to climatological contrasts
such as temperature and day length. During the early days of planting, the temperatures were
nqﬁnn!ly high and the day lengths were long as compared 1o the late planting whereby
tcﬁ{ﬁéﬁiﬁures- start to be cooler and day length was gradually reducing. Freeman et al. (1973)
suggested that decline in biomass production in late plantings was due to the shortened growing
season forcing plants to grow faster to escape unfavorable conditions such as decrease in mean
temperatures as the next season approached. Several researchers (Broadhead, 1972; Gascho e
al.. 1984; Ferraris and Charles- Edwards, 1986) reported consistent reductions in biomass yield
of sorghum across an army of environments due to late planting. According to Hadcbe (2017),

late planted sorghum tends to grow tall with thinner shoots which were associated with lower
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biomass accumulation. Mossavi er af. (2012) reported similar results with decline in maize

biomass as planting date is delayed due to temperature effect.

Biomass production is dependent on the radiation use efficiency and light interception and the
latter is defined by the architecture of the canopy. as well as plant population (Byrt, 2011). An
increase in biomass as plant population decreases to medium low density for Segaolane variety
was pronounced in all growth stages except for vegetative stage where biomass production
increase with the increasing plant population. The increase in biomass as plant population
decrease may be due to the fact that the plant were well spaced and therefore had access to
enough resources hence lead to well-developed plant with broad leaves and thick stems thus

increase in biomass production.

The effect of plant populntmn was 151gmf' cant yet not consistent on biomass at different growth
smges At the vegemtlvc and physmlogleal stage, blomuss was increasing as plant population
decreased However blomass at hootmg und ﬂowenng was affected by increase in plant
populatlon- The non- consistent increase of biomass across plant populalwn fell in line with the
report by Wondlmu (”004) thnt dl‘}' matter is directly reliant on the :nterccpuon of occurrence
.T‘:\."_mdmuon by Lhe crop canopy and the compelency with which is used to yield dry biomass. Buah
'and Mwmknnm (2009) and Tabo et aI (2002) argued that increase in plant population resulted in
increased biomass production which was only consistent with the results obtained at vegetative

and physiological maturity.

Vnrmtlon in biomass was also affected by vnnetles as varieties of the same species may not grow
to th same exient even lhough given in the same env:mnment pupulatlon or plrmtmg dulc The

-' -thret. \nnem.s dlﬂ'er in biomass at dlﬂ'erent gmwxh atnge. Segmlune produced the huzhest
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biomass at the vegetative and flow ering stages and PS1.985050 produced the highest biomass u
booting and physiological maturing while PSL985028 produced the least biomass in all growth
stage. The low production of biomass by PSLY85028 could have been caused by its reduced
height and less leal production. Increase in biomass for PS1.985050 may be due to thick stems
and fleshy broad leaves. The results agree with Tekle and Zemach (2014) in sorghum who

reported that varieties had significant effect on biomass production.

5.3 Effect of planting dute, plant population and varieties on yield components

Sorghum yield depends on several components such as panicle length, panicle thickness, panicle
weight, 1000 seed weight and harvest index (H1). The results from the study showed that yield
components were significantly reduced with delayed planting date. The 1000 seed weight,
panicle length, panicle thickness and weight decreased with delayed planting. The exception was
recorded on HI which increased with late pltinting which may be the result of relative decrease in
biological yield to grain y.ield in late planting. The resuits concurred with those of Paul er al.
(1964) who conducted a study in sorghum and found that, late planting resulted in reduced
number of days to panicle initiation and flowering which may be due 1o the shortening of day
. lc_:ngth-anddq:r_gasc in temperature. Caddel and Weibel (1971) supported the results by stating
| '{llt;t, as the dirration to panicle development reduced, the panicle size, length and weight also

declined.

The reduction in yield components when planting date is delayed may be due to early vegetative
growth period, lower amount of carbohydrates and decline in translocation transmission to grain
hence suppressing development of the crop. Consequently resulted in small sized panicle,
‘decrease in length and thickness hence reduction in 1000 seed grain weight (Hua er al,, 2014). In
this study thc sorghum varieties recorded a higher HI when planted late and in contrast when
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planted early maize recorded higher HI (Marvam er al. (2013). The effect may be due 1o
different crop species, ecological area of study and plant population. Similar results were
obtained in a study on sorghum by Bahar ¢t af. (2015) showing a significant influence of
planting date on vield components of sorghum where 1000 seed weight, panicie weight and size
decreased with late planting. The results agree with those of Bandiougou (2012) who observed
that yield components were influenced by planting, the effect of planting date on growth,
development and yield of grain sorghum were found to be variable among hybrid maturity group

and locations.

A significant effect of plant population on panicle length, panicle thickness and panicle weight
was observed as shorter and small panicles were produced with densely populated plants while
longer thick panicles were obtained in lower plant population. High competition for plant
promating resources among densely populated plants may have led to shorter small panicle size
as compared to widely spaced plants with minimum competition hence longer thick panicles.
Miko and Manga (2008) obtained similar results when they observed a reduction in panicle
weight s plant population increased. Habyarimana et al. (2004) also obtained higher panicle
,welght in sorg,hum under low plant densities. Moosavi er al. (2013) reported that increase in
| plant populauon lcd to su:mft.unt reduction in IOOO secd weight and harvest index. The findings
are similar to those from our study as high population resulted in decline in harvest index and
1000 sced weight. The reduction may be attributed to inter plant competition for resources such
as nitrogen and water. Zand er al. (2014) also reported decrease in 1000 seed weight, panicle
weight and Hl of sorghur.n with increasing plant populntion. Increase in panicle weight at lower
densities may be due to adequate uva:lablllty and efficient utilization of water and mtrogt.n for

| _ccmparauvely less number of plants (Abuzar et al., 2011). Zamir er al. (201 l) associnted low
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panicle weight at high plant population with less availability of photosynthesis and high rate of

respiration as a result of enhanced mutual shading.

Significant effect of varicties on some of the yield components was observed as this study
showed that panicle tength and panicle weight differed significantly among the varieties, The
longest panicle and the highest panicle weight were recorded for Segaolane while PSL985050
and PSL.985028 had the shortest panicle with the least panicle weight. The difference in panicle
weight among varieties is associated with the difference in grain weight, dry mater accumulation
and water use efficiency (Chohan er al., 2003: 2006; Mehmud er al., 2003). Panicle thickness,
1000 seed weight and harvest index (HI) were not significantly influenced by varieties. The
results for HI and 1000 sced weight are in contrast with observations made by Tekle and
Zermach (2014) who reported that 1000 seed weight and HI varied mainly due to different plant
population and crop varieties used in the research. Studies by Koycu and Kurt (1997) and Keshin
et al., (2005) indicated t‘l.wt differences in 1000 seed weight among sorghum varieties were
associated with differences in génctic traits which are also contrast with the results of our the

study.

.. '5.4 Effect of planting date, plant population and varieties on grain yield of sorghum,

Low grain yields were obtained with plants planted at low plant population in both planting
dates, while delayed planting date greﬁtly reduced grain yield. Low grain yield at low plant
population was a result of few plants stand per unit area. The cdnditions during the second
planting date was not conducive for optimum growth and development of sorghum because of
short day length leading to shortening days to maturity and decline in lémpcr:uurcs hence
t:*cdu'clion in grain yield. Sorghum like other cereals does not perform well when growing during
thé sitdrt day Season as it needs maximum light for assimilation and paniﬁbning of the
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assimilates. The results confirmed those of Bandiougou, (2012) who reported decrease in
sorghum vield with later planting where effect of planting date on sorghum yield changed with

locations based on environmental conditions prevailing during the crop growing period.

AR average mean vield of 375.48kg/ha was obtained with early planting while an average of
62.51kg/he was obtained with late planting. Similar trends of vield results were obtained by
Bahar (2015) who found a significant influence of planting date on sorghum yield where a
significantly higher yield was obtained with early planting as compared to a relatively lower
yield recorded with late planting under the climatic condition of Darfur, Sudan. The differences
in the yields could be associated with difference in rainfall distribution during the two planting

dates, the different locations and the type of sorghum varieties used.

Previous studies indicated that late planting can result in reduction in yield of many crops (Egli
& Comelius, 2009, Sindeldr et al,, 2010) and signiﬁcamly reduce growth and quality of most
crops (Bauer er al., 2000) while others found the effect not significant (Baumhardt and Howell,
2006). Delayed planting is associated with inadequate photo-nssimilates production in plants that
rmght mﬂuence the overall nutrients pamtlonmg from the source (leaf, roots, stem) to the sink

& f‘(sceds) (Schlltz etal, 7003) thus resultmg in remarkably reduced seed yield.

Plant population had negative effect with agronomic growth of crops, as sorghum plants planted
at low plant population produced in low grain yield/hectare. The highest yield of 250kg/ha were
recorded with high plant population of 50 plants/m? which tmnsliitcd,into more head per unit area
as compare to yield of 155kg/ha recorded in low plant po'pulal_ion of 20plants/m?.having lower
tio'ml number of heads per unit area. The results concur whﬁ those of Mbosavi et al. 2013) who

reported tﬁt: highest total grain yield from plant population of 50m? and lower tatal grain yield
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from population of 12plants/fm?* under climatic conditions of Sistas. Iran. Grain yield per unit
area at S0planym? increase as a result of high biological yield per unit area as a conscquence of
more plants per unit area. Westage of of. (1989) added that such results may be caused by the
delay in canopy closure which reduces interception of scasonal incident solar radiation. Similar
results were also observed by Zand et al, (2014) who reporied increased sorghum grain yield
with high plant population of 20planis/m? as compared to a low population of 8plants/m? due to
more panicles per unit area. [n contrary Weidenfeld and Matocha (2010); Grimes and Musick,
(1960); Stickler and Wearden, (1965); Staggenborg et al., (1999) carried studies under various
climatic condition and found out that different plant population had no significant effect on grain

yield.

Variation among the variglics on final grain yield was significant with Segaolane producing the
highest average yield‘ofl ZSOkélhﬁ followed by avemge yield of 180kg/ha and155kg/ha for
PSL985050 and PSL9850"8 respecuvely The increment in yield recorded for Segaolane may be
attributed by its abllltv to producc pmducnve ullers that resulted in more heads per unit area
hence increase in grain ylcld. Gram ylcld ndvnnmges for Segaolane may also be associated with
mcrcnsun yieid parameter such as paﬁicle iength (PL) and pnnfcle weight (PW). Several studies
“.‘rcportcd 51m|lnr rcsulls where lheu. was a significant difference among sorghum varieties in
grain weight (Chohun et al, 2003 2006; Mehmud et al, 2003; Yousef er al, 2009). Yield
potential differ among varicties as research on local varieties reported Scgaolane to have yield
potential of I-3tons/ha under ndcduulc rainfall coupled with appropriate planting date and plant
population while PSL985050 and PSL985028 reported to have yield potential of 2.5-3.0 tons/ha

‘(T suaneng and Maphanyane, 2000). The huge difference in yields among the varieties could be

the result of different growing mechanism among them.
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3.5 Effect of planting date, plant population and varieties on RWUE

Planting date for sorghum in Botswana is contingent on when rainfall become well established
and usually varies from year to year and from region (o region. The results showed a decrease in
RWUE during the late planting date while carly planting resulted in increased RWUE.
Reduction in RWUE in the late planting could be due to stunted and weak plants with weak roots
architecture to be able to absorb water down the soil lzyer and as such lot of water were drained
into the soil without been used. Early planted crops have an advantage of an extended productive
period that translates into an increase in seed yield (Panda et al., 2004; Awasthi et ol 2007).
Therefore, the decrease in RWUE as the planting date was delayed could be the reason of the
high reduction in seed yield of the crop due to shortened productive phase compared to the

consumptive water use,

The results from this' study showed lower RWUE ranging from 2.9 to 3.4kg/ha/mm at
physiological maturi'ty and RWUEGY ranging from 1.2 to 1.6kg/ha/mm during the early planting
while in the late planting, RWUE obtained at physiological maturity was 0.04kg/ba/mm and
RWUEGY was 0.03kg/he/mm. The RWUE values are lower than those found by Hadebe (2017)

who‘;céni_juciéd'u stildy- on sorghum under rainfed conditions in Pietermaritzburg, South Africa
and .r;:qu.éd.RlWU.E of 25.2kg/ha/mm at physiological maturity with early planting while prain
RWUE was 8.3kgh1wmm. !ﬁ the late planting Hadebe (2017) reported RWUE of 23.1 at
physiological maturity and 8.7kg/ha/mm for RWUEGYy. The differcnce between the RWUE

values may be due different ecological and climatological characteristics of the locations and the
varieties,

* The ‘amount of soil moisture stored in the soil profile is mostly influcnced by the amosnt of
rainfall during the growing season. Hence, according Mosavi ef al: (2009) optimizing plant
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population according to the availabie sojl moisture is a crucial aspect in crop production because
increase in plant population can reduce water availability to individual plant leading to reduction
in RWUE. In general soil water cvaporation is reduced as plant density increases because the
larger canopy acted as soil cover. That tends lo increase water use efficiency as most of the water
lost contributed to dry matter build by transpiration, The results in this study showed a negative
eflect of plant population on RWUE as an increase in plant population resulted in decrease of
RWUE. This can be associated with inter-plant completion which resulted in high consumptive
water use and hence decrease in RWUE. A similar observation was made by Karasahin er af
(2013) that high population reduces RWUE which was associated with the exhaustion of soil
water causing terminal stress which resulted in reduced seed yield hence lower RWUE. Under
lower densities, increment in RWUE maybe the results of more rational use of water throughout
the growing season. Pandey et al, {1988) observed that when pearl millet is planted in high plant
population (200 OOQplunlslhu) under rain-fed conditions resulted in high consumptive use and
water use efTiciency os compared to lower plant dénSityrof 100 000plants/ha. These contradicting
results may be attributed to different crop species and plantr population adopted as well as

ecological conditions of the location during the growing season.

-T-lvle rcsullsm .lhis sludj revgaied signiﬁcnnt influence of varieties in production of a unit of dry
matter or yicld~ per unit amoﬁﬁt of water that resulted i.n widely varying values. Tabo ef al.
(2002) also reported varietal difference on RWUE of sorghum, Singh es al. (2008) associated
variation between varicties with differentiation in their gencﬁc build-up which affects both
morphological traits cuntrolling the rate of transpiration nnd water absorption by the root from
the sml and the physioloycul functions responsible for pholosynthcsns o cconomtcali) harvcstcd

: plants Trtuls that are reported to influence water usc efficiency in sorghum include epicuticular
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wan (Sanceoka and Ogata, 1987: Premachandra ef al., 1994), root system hydraulic conductivity
(Li et ol 2011) and root vigor (Wasson, ef al., 2012). Perhaps varieties which displaved high

water use efTiciency had the above traits.

Generally in semi-arid conditions, RWUE is often low due to the erratic water supply and
varietal variation and that match with the results from the study where varied RWUE was
recorded among the varieties. During the vegetative growth, Segaolane used water efficiently as
compared to the other varieties; this may be due to the ability of Segaolane 1o fold its leaves
during hot period thus reducing transpiration rate and as such more water is used than been

evaporated and this showed the capability of Segaolane 1o grow under dry conditions.

The trend changed in the booting stage as PSL985050 had the bighest RWUE foliowed by
Sepaolane and PSL985028. PSL985028 showed high efficient use of water during flowering
stage while PSL985050 haﬁ the least RWUE. Duriﬁg the physiological maturity, all the three
varieties had almost similar RWUE but Segaolane was outstanding in its water efficiency. A
significant variation was also noted among the varieties for RWUEgy with Segaolane showing
sqperiurity__.in- RWUEgy followed by PSL985050 and PSL985028 respectively. These findings
"5 _shggé’§g,mnt Segaolane variety could be highly suitable for production under minimum water
availability as average yields per crop could be obtnined with less rainfall, Chand & Bhan (2002)
who reported similar results where different water use efficiency was observed among sorghum
varicties. The difference in RWUE of sorghum at different growth stages was due to varying
water consumption of water at different stages. The variation in RWUE of sorghum at different
growth stages is supported by Porter ef al. (1960) who stated; sorghum water consumption differ

among the stages whereby it was at its lowest at seedling, tillering and ripening and reaches its

peak at the booting and grein filling stages.



S.6. Effect of planting date, plunt population and varieties on nitrogen use efficiency (N UE)

and its components

'ime of planting is the non-monetary input which is important not only on ensuring higher crop
vields but also 1o optimize the utilization of applied resources such as nutrients especially
nitrogen. Plants planted at different planting dates, plant population and varieties differ in
utilizing resources (nitrogen). The resuits in our study showed that crops planted late had lower
NUE as compared to those planted carly. Those results are in agreement with Elasha (1997) who
reported that the early planted sorghum have significant effect on NUE but the results are in
contrast with those of Adam (2013) who found no significant effect of planting date on NUE.
These contradicting results may be due to different planting date as well as different crop
species. Both nitrogen uptake efficiency (NUPEfT) and nitrogen utilization efficiency (NUTEfD
decreased as planting date was delayed with similar results observed by Ehadaie and Wainess
(2001) who reported that both early and late planted crops tumed to extract more nitrogen from
the soil but there is less partitioning of nitrogen to grain as compared to those planted at the most

ideal date.

In this study a negﬁtive effect of plant population on NUE was observed as NUE decrease with
' nn mcrensmg sorghum populatio'n. This may be due to high competition between the plnnté as
hig-hrcr.amAdl‘mt of; applied nitrogen was up taken by plants per unit area that leads to decline in its
efficiency. Reduction in uptake efﬁéiency (NUPE) was observed at the lowest population with
less of total applicd nitrogen up taken by plants. An observation was made in that an increase in
plant population per unit area resulted in reduction in NUE, as there was an increase in nitrogen
utilization (Koochaki es af. (1994) and as such plant population has to be adjusted according to
lhe sbil fertﬂit_v potential to support plant growth. Low productivity of crops per area due 1o

“further increase in plant population in sorghum was reported by Tobo ez al. (2002) with regard to
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competition among the individual plants for growth resources mainly soil nutrients.  Zand and
Shakiba (2013) also observed that sorghum plant population affect NUE resulting in NUE
decreasing when plant population is increasing which may be due to high inter plant competition.
At low plant population. NUE increases due 1o steady N intake and adsorption capacity of the

plant.

Generaily low NUE is expericnced among cereal crops and NUE is normally triggered by
nitrogen uptake and utilization. The study showed results where low NUE was recorded among
sorghum varieties. NUE differ significantly between the varieties; Segaolane had NUE of
10kg/kg, while 2.5 kg/kg was observed in PSL985050 and PSL985028. Variation in NUPEfT and
NUTEIT were also revealed by the result with Segaolane exhibiting the highest overall biomass
which activated the high uptake of nitrogen but lowered its utilization. Feil (1992) also indicated
that varicties producing large amounts of biomass seemed to have more NUPEST, which could
decrease NUTEfY. Despite the low NUTEIT as compared to other varieties, Segaolane had the
highest NUE. The enhanced NUE for Segaolane may be due to genetic variation such as deep
and fibrous roots which were able to absorb N from the lower layer of the soil as stated by
(Bohrani and Sarvestani, 2006). Bohrani and Sarvestani (2006) also observed that differences in
plant nitrogen accumulation could be due to grin composition dilution effects which show that
there is penetic variation in nitmécn uptake between crops and varieties. Most genetic variation
in NUPESF are due to morphological differences in root system, root length and diameter as well
as biomass accumulation. Cultivar variation in NUE is normally due to the differences in the

absorption of nitrate and N remobilization (Van Sanford and MacKown, 1986; Rodgers and

Barneix (1988),
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5.7 Correlation analysis

[n Botswana arable farming largely depends on rainfall as the major source of water in crop
production under rain fed agriculture. In this era of climatic change, rainfall has been more
erratic and unreliable than before. The changing rainfall pattern has forced farmers to change
their planting date and positioning it with the onset of the first rains, which at times is delayed
into the late cropping season forcing farmers to start planting late thus resulting in increased crop
failure associated with decline in biomass accumulation, Hl and grain yield. Given the use of
fertilizer to improve crop yields, balancing such nutrient (nitrogen) with the purpose of
increasing the proportion of water balance as productive transpiration is one of the best
management approaches to increase yield returns and water productivity (Rockstrém et al.,
2010). Therefore correlation analysis was performed to determine simple correlation coefTicient
between some of the studied parameters during the two planting dates. Strong and significant
relationship were observed whereas others showed non- significant positive and negative

relationships.

Generally, NUE, RWUEgy, HI and BPm (ut second planting) showed a strong highly significant

relationship with Gy while a positively but weak correlation was noted between Gy and BPm in
- ihe ﬁll's.i-planfing. These traits are important for selection and breeding criteria in improving Gy
hence their relationship with Gy will be of paramount importance in crop production, The
results on Gy and NUE showed a perfect positive relationship between the two components in
both planting dates. The results were in 'dgrecment with Bush and Mwinkaara (2009) who
reported positive correlation between Gy and NUE in sorghum, Positive relationship between Gy

and BPm could be due to that, at the highest population, plant height, and BPm werc high as was



Gy On the other hand BPm was negatively and not significantly related to NUE on the first

planting but positively and not significant o NUL in the second planting.

Given the relationship between RWUEgy and Gy, a strong perfeet linearly relationship was
observed between the two during the two planting date. The results showed that increase in Gy
contributed much to RWUEgy as more water was efficiently used. The results also showed a
positive but weak relationship between RWUE and biomass at harvest in both planting dates
with the first planting date having a very weak relationship as compared to the second one. This
weak relationship may be due to the fact that, high biomass was produced in the first planting
which may had resulted in high consumption of water hence low RWUEgy. In the first planting

date, temperature was high which may have accelerated transpiration as such lead to low

RWUEGy.

Regarding the RWUEgy and NUE a positive significant relationship was observed between the
o components. According to Mandic ef al. (2015) NUE is dependent of water availability. In
this experiment, water was a limiting factor during the cropping season 2015/2016 and that
maybe the reason for lower values of RWUEGy and NUE obtained. The information on NUE
and RWUE has not been extensively studied however there are available literatures on the
interaction of nitrogen and water. According to Grant e al. (2002) and Moser ¢! al. (2006) high
doses of N coupled with water deficit can result in decrease in maize yield while low or optimum
N application coupled with excessive water result in nitrogen leaching. Yared et al. (2010)
further reported that reduction in low soil moisture can reduces nutrient uptake by roots and
bmmpts nutrient deficiency by lessening the flow of nutrients from soil to rooL creating
restrained transpiration rates and impairing active transport and membrane permeability. Hence,
, arcl.osc relationship between soil moisture and N availability for plant uptake is observed and
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further studies required exploring more about the efficient use of the two concepts (Hussaini er

al., 2008; Aynehband er ol 20] 1.
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CHAPTER SIX
CONCLUSION AND RECOMMENDATIONS

6.1 Conclusion
L 6.1 Plgiming date had a significant effect on all the measured parameters of sorghum in which
- Inte planting resulted in reduction grain yield (Gy), rain water use efficiency (RWUE), nitrogen
use efﬁéiéncj (NUE).

6.1.2 Among the three studied varieties, PSL985028 had higher reductions in most of the

studied variables such as grain yield (Gy) whereas Segaolane was out- performed other

genotypes in prain yield (Gy), rain water use efficiency (RWUE) and nitrogen use efficiency

(NUE).

There was a linear relationship between rain water use efficiency (RWUE) and nitrogen use
efficiency (NUE) even though lower values of NUE and RWUE was recorded. The model can be

used in sorghum to predict nitrogen use under water limiting condition.

6.1.3 Plant population had a significant effect on grain yield (Gv). rain water use ¢fficiency
(RWUE), nitrogen use efficiency (NUE). Grain yield (Gy) was high at the highest plant
population of 60 000plants/hectare while RWUE and NUE were high at medium low density (30

000plants/ha).
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6.2 ﬁ;éommcndations

- 6.2.1 'Jan_uz_.'.ry planting is recommended for farmers as promising yields were obtained in
January as compared to February planting

6.2.2 Based on relative performance of Segaolane on nitrogen, rain water use efficiency and
grain yield it is therefore recommended for research by breeders aiming at improving

these @rails for the benefits of the farmers.

6.2.3 Plant population of 30 000 plants/hectare is the most appropriate population so it is

recommended for larmers for better utilization of resources.
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