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ABSTRACT The study investigated the effect of simulated hail damage on maize seed quality combining agronomy,
laboratory analysis of seed quality and traditional knowledge of subsistence farmers. Three popular maize cultivars
grown at two locations and farmer traditional knowledge about seed quality was determined at three different
locations. The study found that there are significant genotype and site differences with respect to response to hail
damage. Crop management manipulation by varying plant population was found to be important. The local
knowledge of farmers correlated with scientific results of seed quality. Indigenous knowledge used in climate change
adaptation included; changing the choice of crop and variety, planting, weeding and harvesting periods, shifting
from rain-fed to irrigated agriculture and adopting tolerant and early yielding crop cultivars. The findings of this
study can be used to relate traditional systems of maize production to select planting dates to mitigate hail damage

effects of climate change.

INTRODUCTION

Climate change is a global challenge that
does not only affect agricultural crop produc-
tivity but also affects indigenous people and
practices in terms of poverty and food insecuri-
ty (Ngaira 2007; Dewi 2009; Nkomwa et al. 2014).
The incidence of hail storms is likely to increase
in the future due to global warming accompa-
nied by considerable losses in agricultural crops
(Botzen etal. 2010; Bore et al. 2011; Sisu et al.
2011; Zhaoetal. 2012). Given the detriments from
climate change, indigenous farmers have estab-
lished various ways that they traditionally used
to notice altered climate patterns. Their strate-
gies include monitoring changes in the envi-
ronment, tree growth, phenology, wind direc-
tions, moon and stars characteristics, diviners
as well as particular animal behaviour patterns
(Gyampoh etal. 2009; Egeru2012; Elia etal. 2014).
Observing these changes necessitated the need
for adaptation strategies to climate change (Ege-
ru 2012) which includes using indigenous
knowledge (IK).

In order to cope with the detrimental effects
of climate change the indigenous farmers have
employed several strategies which include
changing the choice of crop and variety (Nkom-
wa et al. 2014) as well as planting, weeding and
harvesting periods in their agricultural manage-
ment practices in addition to shifting from rain-
fed to irrigated agriculture due to severe drought

(Egeru2012; Lietal. 2013). The crop cultivars
that are mostly adopted are those that are toler-
ant to climate change induced conditions as well
as those that are early yielding cultivars (Ishaya
and Abaje 2007; Gyampoh et al. 2009; Nkomwa
etal. 2014). All this indigenous intelligence sup-
ports the prevailing and increasing cognisance
of indigenous knowledge and practices as a so-
lution to sustainable and improved livelihoods
for farmers and communities faced with the chal-
lenge of climate change (Achiando et al. 2010).
Therefore, as reported by previous studies, it
has been shown that IK may be an effective way
of dealing with climate change (Gyampoh et al.
2009). Despite the success rate of indigenous
knowledge system, more research is needed to
determine resilience of maize cultivars to hail
damage under different management practices
such as environment and seed selection.

Past traditions coupled with present inno-
vations, this knowledge system is not only im-
portant in informing and guiding scientific un-
derstanding but also in policy development so
as to relate to local conditions (Sillitoe and Mar-
zano 2009). However, though the system and
practices are important in tackling the problems
of the world including climate change, the fol-
lowing challenges are common barriers; new dis-
eases, technologies, variable seasons, unpre-
dictable climate events and social inclusion of
younger community members with low or no
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adoption of indigenous knowledge practices
(Egeru 2012; Rajasekaran 1993).

Maize (Zea mays L.) is among the world’s
leading staple and industrial crops after wheat
(Triticum aestivum L.) and rice (Oryza sativa L.)
(Omara 2013; Tenaillon and Charcosset 2011). In
spite of the significant role maize plays in global
trade and economy, it still faces various limiting
factors to its production (White and Johnson
2003; Mirza 2003). As a summer crop, maize is
prone to hail damage which naturally occurs
during warm seasons. Hail induced plant inju-
ries may be inflicted on the leaves, stalk, branch-
es, or fruit (Lemons 1942). Hail damage typically
results in significant leaf damage and abscis-
sion which translates to loss in leaf area. Thus,
hail damage will result in reduced photosynthe-
sis due to loss of leaf area. Not only does hail
have deleterious effects on crop yield but also
seed quality. The consumers are also implicated
after a hail event as they have to pay higher
prices for less marketable products of maize.

Seed quality is an important property of seed
lots which is advantageous not only for the
success of the crop but also the marketability,
especially for seed industry (Milosevic et al.
2010). The attributes of seed quality are genet-
ic, physical and physiological in nature. These
include seed health, viability, vigour, shape and
size (Kerr 2009; Bishaw et al. 2012; Tollenaar
and Daynard 1987; Heidari 2012; Vasilas and
Seif 1985; Vasilas and Seif 1986; Singh and Nair
1975; Kopture et al. 1996). Heidari (2012) re-
ported that germination vigour indices such as
seedling length were not influenced by defoli-
ation even though seed vigour, root and seed-
ling length responded positively to defoliation.
However, in order to accomplish convenience
of seed selection, cob health and discrimina-
tive threshing based on seed position on the
cob (seed size) have been employed (Louette
and Smale 2000). These strategies reportedly
enhance seed quality (Msuya and Stefano 2010)
and increase yield with ~43.2 percent (Louette
and Smale 2000). In terms of seed quality, it was
reported by Msuya and Stefano (2010) that large
proximal seeds germinated faster and produced
vigorous seedlings compared to small distal
seeds. Similarly, Graven and Carter (1990) and
Pommel et al. (1995) reported larger seeds to have
early emergence and seedling development than
smaller seeds. Therefore, distal seeds are tradi-
tionally discriminated, also due to high vulnera-
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bility to fungi and pest infestations as the husk
may uncover the seeds and expose them (Msuya
and Stefano 2010).

Although seed selection may enhance seed
quality, this seed property in most crops is vul-
nerable to defoliation from biotic and abiotic fac-
tors. However, the response may be subject to
defoliation level, plant growth stage (Hicks et al.
1977, Vasilas and Seif 1986), genotype and envi-
ronmental conditions (Vasilas and Seif 1986). Vasi-
las and Seif (1986) established that the detrimen-
tal effects of defoliation are exacerbated at repro-
ductive stages of maize such as grain-filling.

There is a large body of evidence about the
importance of soil fertility, drought, poor man-
agement, weeds, diseases, and pests as factors
affecting maize crop yield (Sakala and Kabambe
2004), whereas, the effects of hail damage have
not been widely reported. In addition, the objec-
tive of crop improvement usually prioritizes crop
yield quality rather than seed quality. While the
agronomic aspects of hail damage have been
studied in other parts of the world, especially in
the developed world, no studies have been pub-
lished to show what effect hail damage has on
seed quality especially with respect to maize crop
in the developing world. There is, therefore, an
apparent research gap that may be explained by
combining agronomy and indigenous knowl-
edge in seed science. In this study, the knowl-
edge gap is looked into in the context of hail
damage, an environmental factor linked to cli-
mate change.

METHODOLOGY
Seed Quality Survey

Seed quality survey was conducted from the
subsistence farmers of three districts in Kwa-
Zulu Natal (KZN). The target population from
the study was sixty maize subsistence farmers
of KZN where twenty was from each of the fol-
lowing districts: Esikhaleni, Swayimane and
Umbumbulu. The representatives of each dis-
trict were randomly selected to meet the require-
ments of the study. The results of the survey
were subjected to statistical analysis using SPSS
software. The survey does not include subsis-
tence farmers from the cities but those from rural
areas. Therefore it represents underdeveloped
and developing areas. The survey focused on
how farmers choose their seeds, the reasons for
such practices and if they have knowledge about
the seed quality as well as its relevance.
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Subsequent Seed Quality Response to
Simulated Hail Damage

The effect of simulated hail damage on seed
quality was assessed on three popular maize
cultivars [SC701, MacMedium Pearl (MMP) and
Zama Star (ZS)] in South Africa. Two signifi-
cantly different bioclimatic areas of KwaZulu-
Natal (Baynesfield and Swayimane) were used
to ensure genotype X environment interaction.
A randomised complete block design replicated
three times was used for seed production. Since
climate change has led to unpredictability of sea-
sons, it is important to determine at which stag-
es of development is maize vulnerable or resis-
tant to hail damage. Therefore, three stages of
simulated hail damage were Control (no dam-
age), V7 (damage at the 7" leaf stage) and VT
(damage at tasselling stage) in three plant popu-
lation densities [High (65000 plants/ha), Moder-
ate (46000 plants/ha) and Low (28000 plants/ha)].
Grain was harvested at maturity and seed quali-
ty tests were carried out after dividing the maize
cob into two halves (Proximal and Distal) for
seed position factor. In addition to thousand
grain mass, laboratory seed quality (viability and
vigour) assessments were conducted at the
University of KwaZulu—Natal’s Seed Technolo-
gy Lab according to ISTA (2012). A completely
randomised design replicated four times was
used for viability (response to tetrazolium chlo-
ride) and standard germination tests, to allow
for determination of vigour indices [germination
vigour index, mean germination time, seedling
length (shoot, root and total) and seedling mass
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(fresh and dry) as well as root to shoot ratio]. Seed
quality mean germination time (MGT) and germi-
nation vigour index (GVI) determination was mea-
sured as explained in equations 1 (Ellis and Rob-
erts 1981) and 2 (Maguire 1962), respectively:

MGT=2D1n Equation 1
zn

where: D is the number of days from the be-
ginning of germination, and

n is the number of seeds that have germinat-
ed on day D

GVI=GI1/N1+G2/N2+...+Gn/Nn Equation 2

where: GVI = germination velocity index,

G,, G,...G, =number of germinated seeds in
first, second... last count, and

N,, N,...N_ = number of sowing days at the
first, second... last count.

RESULTS AND DISCUSSION
Seed Quality Survey

The study indicates that farmers had knowl-
edge and preference for certain maize cultivars,
seeds and their quality aspects. For instance,
Table 1 shows knowledge about seed quality
and its importance according to respondent sub-
sistence farmers from KZN districts (Esikhaleni,
Swayimane and Umbumbulu).

Farmers had a preference for seeds harvest-
ed from previous crops and larger seeds. Farm-
ers knew the importance of kernel position and
its effect on seed quality. Farmers prefer seed
from the middle part of the cob (Table 1). This
finding concurs with Oakley and Momsen (2007)

Table 1: Knowledge about seed quality and its importance according to subsistence farmers from KZN

districts (Esikhaleni, Swayimane and Umbumbulu)

Seed quality practices Esikhaleni Swayimane Umbumbulu
In percent
Know the maize cultivars they plant 95 90 90
Purchase seeds (from neighbors) 0 28.33 (0) 0
Use seeds saved from previous harvest 18.33 1.67 33.33
Use donated seeds from local neighbors 0 1.67 0
Relevance of seed size in plant production 100 100 100
Preferred seeds size: (Small) 0 5 10
(Medium) 15 55 5
(Large) 85 40 85
The relevance of kernel position 100 100 100
The effects of kernel position on seed quality 100 100 95
Position from which seeds are selected:
Distal 1.67 1.67 10
Middle 31.67 15 18.33
Proximal 0 6.67 5
Whole cob 0 10 0
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and Fernandez (2007), who reported that indige-
nous seed practices and systems are vital in
developing sustainable agriculture.

Table 2 presents the advantages and disad-
vantages of the farmers’ desired seed sizes. The
advantages of selecting particular seeds are re-
lated to seed quality (Table 2). The advantageous
attributes included; good growth, high yields,
big cobs, high (sowing) seed number, good taste
and dwarf plants. The disadvantageous at-
tributes include; significantly large cobs, signif-
icant number of seeds required for sowing, large
area required for sowing, large number of grains
on the cob and small cobs.

In a previous study respondents outlined
the principal motive for seed selection being
ensuring high seed quality and germination (Lou-
ette and Smale 2000). These seed properties are
of high importance especially since lack of im-
proved seeds is among the hindrances against
adapting to climate change (Ishaya and Abaje
2008). Therefore, these finding indicates farm-
ers’ knowledge of seed quality for agronomic
practices which may in turn facilitate adaptabil-
ity to climate change.

Subsequent Seed Quality Response to
Simulated Hail Damage

The different seed quality aspects deter-
mined in this study are presented in Table 3.
There were significant effects (P<0.05) of hail
damage, cultivar, position on the cob and site
on one thousand grain mass (1000 GM). Siahk-
ouhian (2012) also reported that cultivars had
an influence on 1000 GM. One thousand grain
mass was shown to decrease from control (no
hail damage) to hail damage at V7 and VT, re-
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spectively. For cultivars, 1000 GM was highest
for SC701, MMP and ZS, respectively. With re-
spect to BRGs, 1000 GM was higher for seed
produced at Baynesfield than Swayimane with
proximal seeds being heavier than distal seeds.
The interaction of plant density, hail damage,
and cultivar was significant (P=0.007) for 1000
GM (Table 3). The SC701 variety responded pos-
itively to high plant density and hail damaged
imposed at growth stage V7.

The individual experimental factors (Site,
Position, Hail, Density and Cultivar) had no sig-
nificant effect on seed viability based on the
tetrazolium test. However, their interactions were
significant (P <0.05) including the five way in-
teraction (Site*Position"Hail ‘Density” Cultivar).

This suggested that seed viability is the out-
come of interactive processes rather than indi-
vidual factors. The results of this study (Table
3) showed that the most viable cultivar was
SC701 while ZS was the least viable. Moreover,
plant population density that yielded highly vi-
able seeds was the highest one and least from
lowest plant density. However, hail damage at
VT resulted in viable seeds than no hail damage
control.

There was a highly significant effect (P<
0.001) of position on the cob, plant density and
site on maize germination over seven days. Sim-
ilar to Pommel et al. (1995), small distal seeds
had low rate of emergence than large proximal
seeds. This poor emergence may be attributed
to higher chances of pericarp damage on the
distal small seeds in addition to size. The peri-
carp will be mostly damaged when the cob is not
well covered by the husk which is highly likely
in the cob tip.

Table 2: The advantages and disadvantages of the farmers’ desired seed sizes

Attributes Esikhaleni Swayimane Umbumbulu
In percent

Advantages Good growth 18.33 1.67 3.33
High yields 5 6.67 0
Big cobs 10 21.67 0
High (sowing) seed number 0 0 26.67
Good taste 0 3.33 0
Dwarf plants 0 0 3.33

Disadvantages ~ None 31.67 21.67 3.33
Produces significantly large cobs 1.67 6.67 0
Significant number of seeds required for sowing 0 0 1.67
Large area required for sowing 0 0 1.67
Large number of grains on the cob 0 5 0
Small cobs 0 0 26.67
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Table 3: The interactive effect of hail damage with cultivar and plant density on seed quality and
seedling vigour indices. Explanation of variables is given in the methodology section

Hail Cultivar Density 1000 TZ-test GVI Length Shoot Dry

damage GM length mass

CONTROL S§C701 High 450.94 91.25 53.54 171.81 86.48 0.314

Moderate 456.32 96.25 45.48 202.19 99.52 0.268

Low 438.2 89.48 46.23 213.25 101.83 0.258

MMP High 458.48 88.12 47.44 216.77 105.72 0.283

Moderate 402.36 89.58 47.94 209.6 107.08 0.271

Low 412.95 85.62 40.66 213.25 105.73 0.404

A High 391.63 87.71 50.29 203.38 102.9 0.253

Moderate 409.85 82.08 48.82 235.77 109.85 0.193

Low 468.43 89.58 44.84 232.06 98.12 0.34

24 SC701 High 479.31 92.5 46.44 211.77 102.68 0.317

Moderate 394.97 82.4 57.87 225.99 118.38 0.263

Low 476.84 87.92 49.97 179.48 91.25 0.339

MMP High 403.48 84.38 45.61 160.5 86.75 0.289

Moderate 445.42 85.42 49.13 205.54 99.15 0.305

Low 389.63 83.54 46.49 186.48 91.87 0.244

A High 393.57 84.58 42.23 201.12 113.04 0.277

Moderate 346.72 81.46 40.8 215.1 94.75 0.218

Low 435.84 86.88 42.8 206.29 96.75 0.314

VT SC701 High 404.46 85.42 44.93 209.4 104.4 0.281

Moderate 450.35 86.67 54.94 175.15 93.85 0.291

Low 419.59 91.04 39.11 199.44 105.5 0.309

MMP High 424.57 92.29 46.27 207.9 99.71 0.269

Moderate 408.38 91.25 49.47 215.47 117.04 0.259

Low 401.53 91.88 46.23 195.58 105.37 0.34

A High 387.08 89.38 49.2 171.47 88.29 0.153

Moderate 379.49 88.75 54.38 185.82 93.17 0.285

Low 387.73 85.62 45.07 202.5 107.87 0.279

F. Prob 0.007 0.049 0.030 0.040 0.002 0.010
LSD 57.12 7.24 6.50 34.195 15.81 0.07
cv 16.9 10.2 17.1 21.0 19.4 37.9

These experimental factors (position on the
cob, site and density) also showed a significant
interaction (P<0.05) on seed germination of maize
(Fig. 1).

For Baynesfield, moderate plant density and
proximal seeds had the highest germination rate.
Heidari (2013) argued that seed germination ca-
pacity may be affected by the environment of
the maternal plant. The environmental factors
that plants in this study were exposed to are
plant defoliation due to simulated hail damage
as well as plant density-induced microclimate.
Although the cultivars did not have any signif-
icant effect, there were significant differences
(P<0.05) over the period of seven days in terms
of germination percentage (Fig. 2).

Germination scores on day one showed sim-
ilarities between MMP and ZS. However, on day
two the similarities were among cultivar SC701
and MMP. Moreover, on day four all the culti-
vars performed at the same level of germination.
Finally, from day five, MMP started to outper-

form the other cultivars in terms of germination.
Even though the lowest in the beginning of ger-
mination period, MMP had the highest germina-
tion percentage on the final day of germination.
However, overall cultivar SC701 had the highest
rate over the period of seven days followed by
MMP and then ZS.

In this study, there was no significant influ-
ence (P>0.05) of hail damage on germination.
However, in another study, the only effect
(P<0.05) of defoliation was decreased seed size
which enhanced reduced germination (Vasilas
and Seif 1986). Pommel et al. (1995) further al-
luded that seedlings resulting from larger seeds
were larger than smaller seeds at the same stage.
This was attributed to the reduction in sucrose
supply to the developing seed which is vital for
seedling development (Singh and Nair 1975).

Similarly, in this study the distal seeds from
both sites showed germination at lower range
than the proximal seeds which were bigger com-
pared to distal seeds (Fig. 3).
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Fig. 2. The rate of germination over the period of seven days in different cultivars (SC701, MMP and ZS)

According to Lopez-Castaneda et al. (1996),
the embryo that the larger seed commonly con-
tains is larger and consequently increases chanc-
es of germination. Seed size and sucrose for the
developing seedling may have led to this trend
which concurs with Vasilas and Seif (1986). On
the other hand, even though there is a direct re-

lationship between seed reserves which are avail-
able for germination and seedling growth, these
may be independent of seed size (Pommel 1990).
Another factor that contributes to more reserves
being converted into seeds is high leaf area which
intercepts high solar radiation especially in the
absence of any defoliation (Gosse et al. 1986).
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Fig. 3. The effect of the interaction between hail damage (Control, V7 and VT), seed position on the
cob (Proximal and Distal) and site (Bay = Baynsfield; Sway = Swayimani)

It was confirmed by Msuya and Stefano
(2010) that high quality seeds were found from
the proximal than distal seed position which re-
sults in low yield. The authors further alluded
that the distal seeds on maize cob are highly
exposed to fungi and insect pest infestations
while on the mother plant as they may be un-
covered by the husk. Therefore, the physical
aspect of seed quality may be compromised by
not only disease infestations but also birds and
insects may feed on the crop hence causing
damage and inferior seed quality. Moreover,
Msuya and Stefano (2010) also reported larger
proximal seeds to significantly result in vigor-
ous seedlings.

In addition to the significant factor interac-
tions with respect to germination vigour index
(GVI), plant density and position on the cob were
significantly different (P<0.05). Moderate plant
density had the highest vigour index followed
by high and low, respectively.

It is evident that when cultivar SC701 at mod-
erate population density was hail damaged at
V7 it had the highest GVI. However, when the
same cultivar is at low population density and
hail damaged at VT it shows the lowest GVI.
Therefore, it can be concluded that V7 and mod-
erate plant density are superior compared to VT
and low plant density.

Cultivar and plant density significantly dif-
fered for mean germination time (MGT). More-
over, there was a significant interaction (P<0.05)
of seed position on the cob, plant density and
hail damage simulation on mean germination time
(Fig. 4). Proximal seeds from plant moderate plant
density when damaged at VT took the shortest
time to germinate compared to same hail damage
from distal position under low plant density
which took longest to germinate. These results
also agree with those of Msuya and Stefano
(2010) who showed significant differences be-
tween distal and proximal seeds with respect to
MGT. This means that since the small distal
seeds are associated with less vigour they will
in turn result in poor seedlings, thus should be
discriminated during seed selection by the farm-
ers (Msuya and Stefano 2010).

There were significant differences among
plant densities and sites on seedling dry mass.
The major significant interaction with respect to
seedling dry mass was the five way interaction
of all the experimental factors on seedling dry
mass (Table 3). There is an advantage of low
plant density in cultivar MMP when there is no
hail damage in terms of seedling dry mass. The
opposing results were expressed by ZS at high
plant density when there is hail damage at VT
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Plant density and hail had a significant ef-
fect (P<0.05) on seedling length (Table 3). More-
over, all five factors differently interacted to sig-
nificantly affect (P<0.05) seedling length. Hail
damage, cultivar and density significantly inter-
acted (P<0.05) to influence seedling length (Ta-
ble 3). Cultivar ZS responded positively to no
hail damage (control) when grown under moder-
ate plant density rather than MMP at V7 when
grown under high density with respect to seed-
ling length.

Hail damage had a significant influence
(P<0.05) on root length. There was also a signif-
icant interaction (P<0.05) between cultivar and
hail damage (Fig. 5). Cultivar SC701 performed
better when it was damaged at V7 while MMP
and ZS could not adapt to any hail damage as
had longest roots as a consequence of no hail
damage.

There was a significant interaction (P<0.05)
between hail damage, plant density and cultivar
which significantly affected shoot length
(P<0.05). Cultivar SC701, under moderate plant
density, when damage was simulated at V7, re-
sulted in seedlings with longest shoot length;
however, the same cultivar under high plant den-
sity with no hail damage had the shortest shoots
(Table 3).

Hail damage had a highly significant effect
(P<0.001) on root to shoot ratio (R:S) of maize
seedlings (Fig. 6). There was a significant inter-
action between hail damage and plant density
(P<0.05). Seedlings performed better in terms of
R:S ratio when they were not damaged. Hail dam-
age at tasselling had the most negative effect on
R:S (Fig. 6). This means that hail damage causes
seedlings to have a poor root system for initial
seedling establishment.

CONCLUSION

This study indicated that subsistence farm-
ers have knowledge about maize seed quality
aspects. This can be related to local indigenous
knowledge derived from their experience with
respect to growing the crop as a staple in their
culture. The farmers identified advantages as-
sociated with position of the seed on the cob,
which matched the scientific findings of the lab-
oratory study on seed quality following an ag-
ronomic field trial on the effect of environmental
factors of hail damage and plant density. Al-
though not all the seed performance aspects
determined in this study were not directly linked
to the farmer responses, the ones that were linked
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(position on the cob and seed size) showed clear
evidence of comparability indigenous knowl-
edge and science. Thus, it can be argued that
indigenous knowledge is science.

RECOMMENDATIONS

The findings of this study can be used to
relate traditional systems of maize production in
terms of selecting strategies to mitigate hail dam-
age effects of climate change. Further research
can still be done to select for and come up with
hail resistant cultivars of maize and other impor-
tant food security and industrial crops and for-
mulate climate change adaptation strategies us-
ing both IK and scientific research. This is im-
portant, especially since there is a need for sus-
tainable solutions to climate change.
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