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Abstract
Sorghum and Maize are important cereals for foai$y in Zimbabwe. However maize and sorghum

production in the smallholder farming sector isngethreatened by witch weedtr(iga asiatica), which

has the potential to reduce maize and sorghumsyi®ydl00%. Studies on sorghum and maize resistance
to Sriga asiatica have mainly focused on new improved crop varietiesvery few studies have been
done on local non improved varieties commonly chflandraces’. A controlled pot experiment was
conducted at Henderson Research Station in Mazowest the hypothesis that early maturing sorghum
landraces are more sensitiveSoiga than late maturing landraces. We also tested fleetedf Striga on

two maize landraces. The results failed to supp@thypothesis that early maturing sorghum landrace
are more sensitive t&riga than late maturing landraces. Striga significamtguced the vegetative
growth rate as well as the above ground plant bssnad the late maturing landrace Khaki (p<0.05) Th
results also indicated that Striga increased tlte oh growth in the other three sorghum landraces
Nhongoro, Tsveta white and Musoswe but Striga hadsignificant effect on the above ground plant
biomass (p>0.058riga asiatica caused a decline in the growth rate of the twamkindraces 2040 and

1714, but there was no significant effect on thevabground plant biomass (p>0.05),
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CHAPTER 1: INTRODUCTION

The parasitic wee@riga asiatica (L.) Kuntze which is commonly known as witch weedone of the
major biological constraints to cereal productinrthe smallholder farming sector in Sub Saharafcafr
(Stroud 1993). Striga attacks the two main cergedsvn by smallholder farmers that are important for
food security which are maize and sorghum (OswaftlRansom 2004). Striga can reduce crop Yyields to
as much as 100% and therefore poses a serious thifead security (Mabasa 1993). Maize and Sorghum
are complementary food cereals in Zimbabwe; mag&ea istaple crop while sorghum is becoming
increasingly important especially in low maize gnogvpotential areas that are the semi-arid areas in
Regions I, IV and V (Mukarumbwa and Mushunje 2D1Recommended control and management
practices in Zimbabwe such as use of trap/catcpscroerbicides, high fertilizer rates and earlynpfag,
have not been widely adopted by smallholder farrhecause of various technological and socioeconomic
factors (Chivinge et al. 19958riga asiatica resistant landraces offer an economically feaséid
culturally sustainable technology for small holdarmers since they do not require additional inputs

(Mabasa 1996).

Although a lot of efforts have been put towards edlepment ofStriga resistant sorghum and maize
varieties, very fevBriga resistant varieties have been developed. Thigespdimarily to the high genetic
diversity amongStriga populations occurring in nature that always rendewly developed landraces
susceptible (Musimwa 2005). In sorghum, resistareilts from one or a combination of several
recognized mechanisms that influence parasitisratdlgf al. 1993). One such mechanism is |&wiga
germination stimulant production. Sorghum variettbsit are resistant to striga have the genetic
characteristic of producing low striga germinatgiimulants such that very few striga plants are abl

germinate (Heset al. 1992). However sorghum landraces vary in as nasch billion fold in germination
1



stimulant production and additionally it has beeuarfd that there are a number of several compounads t
are also responsible for stimulating striga gertmma(Mutengwa 1999). In maize, striga resistant or
tolerant landraces are those that have a shorttlgroyele which is known as the escape mechanisim tha
is, less roots in the upper soil layer, early gloand vigor and physiological resistance to thetgioaic

effects caused by Striga parasitism (Ransbah. 1996, Oswaldt al. 2001).

Studies on maize and sorghum resistanc&itima asiatica have mainly focused on new improved
landraces but very few studies have been done cal loon improved landraces commonly called
‘landraces’. Landraces also known as farmers’ ftiackl” or primitive” varieties are defined as
“geographically or ecologically distinct populat®omhich are diverse in their genetic compositiothbo
between populations and within them” (Brown 191&ndracesemain highly unexplored and underused
and might contain very valuable additional soumkresistance or traits that could be used by fasre
introgressed in the improved varieties to achieettel resistance to parasitic weeds and diseases
(Rubiales 2003). This is because landraces baglvred an assortment of alleles needed for resistand
tolerance hence have become adapted to the dispasés and harsh environments found in theirrahtu
habitats (Hoisingtoret al. 1999). Many of these landracédmve been collected and stored uneesitu
conservation in gene banks around the world. Inbéipwe a collection of 1793 sorghum and 29 maize
accessions of these landraces are available aN#tenal Genebank housed at the Department of
Research and Specialist Services (Ministry of Agtice Mechanization and Irrigation Development
2009). These genetic resources therefore have uhéamental role towards crop development and
improving agricultural productivitylt is therefore envisaged that these genetic ressucould have
resistant or tolerant traits tBtriga and many other biological constraints due to theide genetic

diversity. The aim of this study is therefore toesn selected maize and sorghum landraceStfaya

2



resistance through a controlled pot experimentrgdeioto test whethefiriga has an effect on maize and
sorghum landraces found in Zimbabwe. The contrabgokeriment will also be used to test the hypothesi

that early maturing landraces are more sensiti&riga.

Objectives

1. To test the hypothesis that early maturing sorghamdraces are more sensitiveoga asiatica
than late maturing landraces

2. To investigate the response of two maize landrec8siga asiatica infestation



CHAPTER 2. MATERIALSAND METHOD
2.1 Study Site

The pot experiment was established on 1 March 2018e Henderson Research Station in Mazowe (25
km from Harare) and lies in agro-ecological regboaf Zimbabwe. It receives an average rainfall &4 8
mm perannum and experiences a mean annual temperature of @&iodegrees Celsius (Mujere and

Mazvimavi 2012). The soil type at Henderson Rede8&tation is red clay loam (Wulff et al. 2002).

2.2 Sorghum and maize landraces

The sorghum Sorghum bicolor) and maize £ea mays) landraces seed used in the experiment included
four sorghum landraces identified by local namsgeta white, Khaki, Nhongoro and Musoswe, and two
maize landraces identified by accession number® 20l 1714 (Table.1). The sorghum and maize
landraces seed was obtained from the National Gerkebeed collection at the Department of Research
and Specialist Services in Harare. Table 1 belowtains the list of the sorghum and maize landrases

in the experiment and the associated characteyizdata for each landrace.

Table 1. Sorghum and maize landraces used in the experifReglitminary crop evaluation data obtained
from the Genetic Resources and Biotechnology Listit2009).

Local Accession 1000 Daysto Daysto Height Noof Cob Head Ear
Name Number seed 50% 50% (cm) Tillers diameter width Length
weight flowering Tasseling (cm) (cm)

Tsveta 1522 30.1 78 250 3 7

White

Nhongoro 1343 17.2 89 310 3 4
Musoswe 1356 18.9 95 335 4 6

Khaki 1517 34.4 97 260 6 7
*Unknown 2040 76 2.3 19
*Unknown 1714 76 2.9 14

*Note: Were the local name is unknown; the accessiorbeums used instead to identify the landrace.



2.3 Experimental Design

We used a completely randomized design with twattnentstriga infestation and the control which had
no Sriga. The experimental units included four sorghum tands and two maize landraces. We
randomly assigned each experimental unit to thatrtvents and repeated the experiment 6 times.
Therefore each of the sorghum and maize landraassandomly assigned to a plastic pot that waefill
with either striga infested soil or the controlttihad striga-free soil so that at the end we hadt6 for
each of the landraces under Striga infestation @&mdth no Striga infestation. Figure 1 illustratie
assigning of treatments to the experimental uiiit® plastic pots were then randomly arranged icespa

as indicated by Figure 2

Experimental Treatments
Units Replicate Replicate Replicate Replicate Replicate Replicate
1 2 3 4 5 6
Tsveta Whit 1 2 3 4 5 6 7 8 9 10 11 12
covve glA mA |mA mA
(Sorghum) ] ] ] ] 1] [ ]
Khakhi 13 1 15 |1 17 1 19 20 21 22 23 2
axKni
Sorshum) ] A ] 1 ] ‘ m A = -A
NPGRC 2040 25 26 27 |28 29 30 31 32 33 34 35 36
(Maize) A /\ | /\ /\ | /\
Nhongoro 37 38 39 | 40 41 42 43 44 45 46, 47 48
Sorghhm /\ /\ /\ /\ | /\ /\
Musoswe 49 5 51 |5 53 5 55 5 57 5 59 60
Sorghum -A-A-A-‘-‘-
NPGRC 1714 61 62 63 | 64 65 66 67 68 69 70 71 72
s O|AOAIOA OA|OA | O

NB Striga infestation is denoted A dmel Control (NoStriga infestation) is denoted by

Figure 1. Assigning Experimental Units to the treatmentd egplicating the procedure 6 times



Plastic pots with a volume of 5 liters were used gtanting and filled with sandy soil obtained from

Henderson Research Station (Figure 3). We thendrbxem depth of the soil in the pots with 0.09 ggam

of Sriga seed. Twenty seeds were planted for the sorghodrdaes and 3 seeds for maize and after the

plants emerged we thinned them to leave one plEmpqt.

We applied fertilizer at the rate of 2 grams inkepot for Compund D (8% Nitrogen, 14% Phosphate and

7% Potassium) as the basal dressing at the plastagg. We then applied top dressing fertilizethat

rate of 2 grams of Ammonium Nitrate (34.5% Nitropext 3 weeks from planting and repeated the

application at 5 weeks from planting. We carried the fertilizer application following recommended

application rates for Striga experiments as indidan the Striga Research Methods Manual (Intesnati

Institute of Tropical Agriculture 1997).

45, 62, 203 T4 39 216 29; 645 544 510 691 651,
mAA E @ Em A AW OO
3513 | 5714 | 5555 |60 |[1217 | 2715 | 1819 | 8 43, | 25, | 673 | 52
mDmm A A T A A mmEO

5825 126 3327 4028 3829 2830 3731 332 1433 7134 3635 6136
AmmAA mm A OA O
5137 1738 3039 4940 4141 5342 4243 4644 1145 6346 3447 4848
mE A mEomA A B OA A
449 245 | 445y | 665, | 22535 | 2654 | 3lss | 256 50s; | 4755 | 68s9 | 1360
A A AN A A @ A A = /A &
151 |19, | 5663 | 724 | 1665 | 7065 | 2367 | 10es | 3269 | 5970 | 671 9,
mmAAA/AN\EH A A BHA =

Figure 2 Completely randomized design in space, with teattnent at two levels Striga infestation and
Control with No striga infestation, replicated sixes.



2.4 Data collection

Plant heights were recorded in weekly intervalstisig. from the two weeks after planting to 12 weeks
Also some of the data that was collected includhesabove ground biomass of the plants, the days to
emergence of the Striga, the number of Striga plpat pot, the days to flowering of sorghum andsday
tasseling for and the final total above ground pllaiomass. The total above ground dry matter was
obtained by harvesting whole plants and drying tiveam oven drier for 48 hours.

2.5 Data analysis

Data for plant heights was analyzed using Repeateasures analysis of variance to test the effect of
Striga on the vegetative growth of sorghum and enagng the software STATISTICA release 7.

The data for plant biomass was analyzed using téts&cal Package for the Social Sciences (SP8&) a
at test to test the differences in means betweetrélaément and control at 95% level of significanges

performed.



CHAPTER 3: RESULTSAND DISCUSSION

3.1. Effect of Striga on therate of vegetative growth of Sorghum landraces

Figures 3 and 4 illustrate the change in vegetagiaevth of sorghum landraces Tsveta white an early
maturing landrace, Nhongoro a late maturing larglr&haki an early maturing landrace and Musoswe a
late maturing landrace and plant height over timeveeks unde&riga infestation. Figures 3 and 4
indicate allStriga infested sorghum landraces growing slower thanctirérol during the first 6 weeks
from planting then the growth rate starts to insezafter 6 weeks for the sorghum landraces Tsviiie w
Nhongoro and Musoswe while the growth for the lasdrKhaki continues to decrease.

(i) Early Maturing Sorghum Landraces

A. B.
40
40
35 35
30 30
- :
e £ 25
%) 12
- <
S 20 k=
[ . S | B oo, , W ¢ < 20
£ 15 3
< o
o 15
10
5 z Control 10
"" E -~ Striga infested
0 5
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10
W eeks after planting W eeks after planting

Figure 3: Effect of Striga on the rate of vegetative growtlearly maturing Sorghum landracéa)
Nhongoro an(B) Tsveta white over 10 weeks.



Plant heights in cm

There is evidence that Striga stimulated growtiT®feta, Nhongoro and Musoswe at 6 weeks whilst it
suppressed the growth of Khaki (RepANOVA;; hs= 1.60; P=0.036). The results illustrate that the
landrace Khaki is the most sensitive $triga infestation because it has the greatest differénce
magnitude of the gradient between 8ega infested and the control and also it was obsettvatigrowth

of Khakhi decreased sharply after 6 weeks fromtpign

C. D.
60 35
55 E Control
50 30 i Striga infested
45
40 g 25
35 £
2
30 S 20
]
25 <
g
20 a 15
15
10 10
5
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10
Weeks after planting Weeks after planting

Figure 4. Effect of Striga on the rate of vegetative growtlate maturing Sorghum landracé¢§)
Khakhi and(D) Musoswe over 10 weeks.



3.3 The Effect of Striga asiatica on the vegetative growth of Maize landraces

Figure 5 below illustrates th&riga infested maize was growing faster than the noesiafd control at
the first 8 weeks from planting. After 8 weeks fremwing the growth rate for ti&riga infested maize
began to decline. The decline in growth after 8ksegas greater in the maize landrace 1714 (Figle 5
compared to the landrace 2040 (Figure 5 E). Theereifice in the magnitude of the gradient at 8 weeks
between theStriga infested maize and the control indicates the degk the sensitivity toStriga
infestation of that maize landrace. Figure 5 ingisahat the landrace 1714 was more sensiti@&riga
infestation than 2040 because the difference ingtlaglient between th&8riga infested maize landrace

1714 and its control was greater than the samerdriite observed for the landrace 2040.

E. F.
100 80
90
70
80
70 60
5 5
c
5 60 E 50
S 50 £
) ©
= < 40
= 40 €
< Y 8
o 30 L - o 30
20 E Control
20
10
0 10
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10
Weeks after planting Weeks after planting

Figure5: Effect of Striga on the vegetative growth(&) Maize landrace 2040 arffl) Maize landrace 1714,
measured in centimeters.
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3.4 Effect of Striga asiatica on the plant biomass of sorghum and maize landraces

Table 2. Table showing a comparison between control aradrtrent means of plant biomass for sorghum
and maize landraces

Treatment  Treatment Control  Control

Crop Landrace M eans 95% CI Means 95% CI t-value df p-value
*Sorghum Khakhi 1.40 0.69 8.66 5.08 2.46 7 0.04
Sorghum  Musoswe 4.84 3.68 4.32 3.75 0.19 10 0.85
Sorghum  Nhongoro 9.46 8.78 12.71 4.64 0.64 10 0.54
Sorghum Tsveta 18.44 9.66 15.40 6.60 0.51 10 0.62
Maize 2040 32.23 4.12 40.03 6.19 1.82 8 0.11
Maize 1714 24.39 3.73 28.82 10.26 0.79 10 0.45

Table 2 above shows results frorhtast for the differences in plant biomass meamsdmn the treatment
and control of the sorghum and maize landraces.r@idts show that Striga had no significant effect
the plant biomass of both maize and sorghum laedrge>0.05) except for the Sorghum landrace Khakhi.
Striga significantly decreased the plant biomasthefsorghum landrace Khakhi (p<0.05) showing thus
the landrace was sensitive to Striga parasitismow@r suppression was also observed in landrace
Nhongoro but however effects were not significgri(.05). There was evidence of induced growth é th
landraces Musoswe and Tsveta because the meandsidanghe striga infested plants were greaten tha
the control although however the differences wasggnificant (p>0.05). The maize landraces all sbaw

that their growth was suppressed although the tsfigere insignificant (p>0.05).

11



3.4 Discussion
Among the Sorghum landraces that were screenedHKhskhe most sensitive t&riga. The study

showed that the vegetative growth of Khakhi wasstamtly slower for the treatment means compared to
the control. Furthermore the final biomass for Kiawas significantly lower in the treatment group
compared to the control. The remaining sorghumrkces and the maize landraces were all tolerant to
Striga. The study also showed tHatiga caused an increase in vegetative growth in therathree
sorghum landraces which are Tsveta white, Nhongow Musoswe and the maize landraces 2040 and
1714, indicating possible compensatory growth, uthe vegetative growth phase, as a responsesto th
phototoxic effects ofiriga. Studies done by (Van Ast and Bastiaans 2006) stidtat sorghum responds
to Sriga parasitism through changes in dry matter allocatio particular sorghum that is infested with
Sriga has a reduced panicle and stem fraction whildghEand root fraction is increased. This partly
explains why these sorghum landraces were ablelécateSriga infestation unlike Khaki. On the same
note it is important to note the observation thatsorghum landraces Tsveta white and Musoswedll
higher plant biomass in the treatment group thanctintrol although the differences were not siatifly
significant. It is not clearly understood why tlendirace Khakhi was so susceptible to Striga butqfar
the explanation could be derived from the fact tlaakhi is a late maturing landrace unlike Tsvetd a
Nhongoro. There is scant literature on the relatigm between the duration of maturity and striga
infestation among sorghum landraces. However sauttes have been done on maize varieties in Kenya
and it was found out that early maturing maize tands are more tolerant to Striga than late magurin
landraces through a mechanism termed ‘the escapghamism’ (Ransom and Odhiambo 1995).
According to Ransom and Odhiambo, early maturingenhas the ability to escape the phytotoxic effect

of Striga through vigorous early growth before 8tdga can cause serious damage to the plants.
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3.4 Conclusion
The study implies that the sorghum landrace Khakimot suitable for further development of Striga

resistant sorghum because it is highly sensitivéttma infestation. The sorghum landraces Tsvétidew
Musoswe and Nhongoro and also the maize landrae#3 @1d 1714 are suitable for variety development
of striga resistant Sorghum and Maize since theytalerant to Striga infestation. Although a lot of
studies have been done on the response of maizeoagiodum to Striga, much attention has been focused
on improved varieties or hybrids. Very little atiem has been put on the non-improved varietidse ‘t
landraces’ which are found in National genebankddwode. This study showed that the crop landraces
are quiet important in addressing crop productiballenges and there is need to carry out much more

such studies in the future.

The major limitation of this study is that the sgudias conducted as a pot experiment, hence the
conditions are different from those in the fielddahere is a possibility that the findings may betthe
same if the study was conducted in the field. luldde ideal if the experiment was conducted infidie

and replicated at different sites. The other litiotawas that the landraces that were used weet g

and were only for two cereal crops maize and sarghiihere is need to increase the number of diitere

landraces that have different days to maturityrareoto enhance the quality of the findings.
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