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Summary

Incorporating the dominant male sterile gene, Ms44, in new maize varieties results in 50% non-pollen
producing (FNP) varieties. This makes the varieties more nitrogen efficient and increases yield directly
by an average of 200 kg ha™! across yield levels. However, as half of the plants do not shed pollen, the
presence of Ms44 in an FNP variety is clearly visible. This technology can improve food production
and security in the African maize-based agri-food systems, but only if accepted by farmers. Farmers were
therefore invited to 11 on-farm, researcher managed trial sites of FNP varieties in Kenya over 2 years. They
were asked to identify the traits they find important in evaluating maize varieties and to score the FNP
varieties, as well as their conventional counterparts, on these criteria (including yield, resistance to pests,
and cob size) and overall, using a five-point hedonic scale. In total, 2,697 farmers participated, of which
62% were women. Farmers mentioned many traits they find important, especially yield and related traits,
early maturity, and drought resistance, but also tassel and pollen formation. In 2017, mid-season, partic-
ipants scored FNP varieties lower than conventional varieties on tassel and pollen formation, indicating
that farmers could distinguish the trait. FNP varieties still received higher scores for yield and overall
evaluation. In mid-season 2018, participants no longer scored FNP varieties lower for pollen formation
as they now understood the technology. In both years, at the end-season evaluation, scores for tassel for-
mation were not different, but participants scored FNP varieties higher for yield and overall. We conclude
that farmers recognized the FNP trait but did not mind it as they clearly favored its yield advantage. The
FNP technology, therefore, has high potential not only to increase maize yields, food production, and food
security in the agricultural systems of Africa but also to increase varietal turnover and the adoption of new,
high-yielding, climate-smart maize hybrids.
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Introduction

Sub-Saharan Africa (SSA) has difficulties feeding its population. The major agricultural systems
are based on maize as the primary food crop, but its production has not kept up with the rapidly
increasing population. In Kenya, the population increased from 8.4 to 44.9 million people between
1961 and 2014 (an increase of 430%); during the same period, yield increased only from 1.4 to
1.8 kg ha™! (43%) and stagnated in the last decades (FAOSTAT, 2022). Consequently, maize pro-
duction per capita has decreased substantially, from 145 kg/person in the 1970s to only
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77 kg/person between 2004 and 2014 (FAOSTAT, 2020). In the Kenyan maize-based agricultural
system, farmers have adopted mainly improved maize varieties, but they are not as enthusiastic
about fertilizer, and the quantities applied are too low to restore soil fertility (De Groote et al.,
2005; Duflo et al., 2008; Jena et al., 2020). In most of SSA, fallow areas have disappeared, and
the use of organic and chemical fertilizers is too low to maintain soil fertility (Binswanger-
Mkhize and Savastano, 2017). Nitrogen is one of the most crucial crop nutrients (together with
phosphate and potassium) and its incomplete application in fertilizer is one of the major limiting
factors for maize production in Africa (Vanlauwe et al., 2011). Therefore, developing maize vari-
eties that are more nitrogen efficient can make a significant contribution to increasing yields and
improving food security in Kenya and SSA.

A new hybrid seed production technology (SPT) incorporates the dominant mutant male-
sterility gene Ms44 in the female parent (Fox et al., 2017). The technology produces cleaner
seed, as pollination from the female parent is not possible, leading to lower seed production
cost as detasseling is not needed. When using this hybrid seed, half the plants carry the MS44
allele and their male flowers are sterile. Early in plant development, if nitrogen is limited, the
nitrogen normally used for tassel and pollen development will be used for ear and kernel
growth instead (Loussaert et al., 2017). As a result, the technology increases yields under
various environmental conditions, especially nitrogen stress (Collinson et al., 2022; Fox et al.,
2017).

As half of the plants do not shed pollen, the presence of Ms44 in an FNP variety is clearly
visible; further, the non-pollen producing (FNP) plants show a slight reduction in plant
height, tassel size, have thin anthers, and do not contain viable pollen (Supplementary
Material Fig. S1). As farmers are keen observers of their crops, they will likely observe the
differences in the new FNP varieties. Further, farmers tend to be conservative and risk-averse
(Visser et al., 2020) and might object to the atypical varieties, preferring to stick to their old,
conventional ones. Therefore, before bringing FNP varieties with the new traits into the farm-
ing system and on the market, it is essential to elicit farmers’ opinion on the acceptability of
their phenotype and to have farmers evaluate the new varieties and compare them to the con-
ventional varieties.

Therefore, this study’s specific objectives were (1) analysis of the traits that farmers find
important in evaluating maize varieties, in particular the importance of tassel formation and
pollen shed and (2) farmer evaluation of the new FNP varieties on those criteria, in compari-
son to conventional varieties. Farmers were invited to different trial sites of FNP varieties in
Kenya. They were asked to identify the traits they find important in evaluating maize varieties
and to quantify the importance of each of these criteria. Further, we asked farmers to score the
ENP varieties as well as their conventional counterparts (identified only by a number) on these
criteria (including yield, resistance, and cob size) and overall. To understand farmers’ reaction
to the FNP trait, we had to include tassel formation and pollen shed in the evaluation.
However, drawing attention to these might negatively affect the assessment of other traits
of the FNP varieties or their overall evaluation. To analyze this possible bias, only half the
farmers, randomly selected, were asked to evaluate the varieties on tassel formation and pollen
shed, while those criteria were skipped for the other participants, to avoid drawing attention to
what might be perceived as negative.

The results of this study bring important and timely information on the FNP technology that
has high potential to increase maize yields, food production, and food security in the agri-food
systems of SSA. The potential of the technology stems from increasing nitrogen efficiency in a
continent where insufficient nitrogen application remains a major constraint to yield.
Moreover, as the maize-based agricultural systems in SSA lag behind those from other regions
in varietal turnover (Abate et al., 2017; Walker et al., 2015), the technology could also be beneficial
to the broader system by increasing the adoption of new, high-yielding, climate-smart maize
hybrids.
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Materials and Methods
Conceptual framework and overview

We base our conceptual framework on Lancaster’s model of consumer choice, which proposes
that consumers derive satisfaction not from the goods themselves but from the attributes they
provide (Lancaster, 1966). Similarly, farmers derive pleasure from the different qualities of
new maize varieties and compare them to the characteristics of the varieties they currently
use. Farmers therefore evaluate maize varieties on a range of traits (or attributes) that differ in
importance (yield is typically more important than processing quality) (De Groote et al.,
2002). In past experiences, tassel development and the quantity of pollen shed were not usually
mentioned as important criteria by farmers in the selection of their varieties (De Groote et al.,
2004, 2002; Siambi et al., 2002), at least not in open-ended questions.

To make sure that we understand the importance of the tassel and pollen in farmers’ evaluation
of maize varieties, these traits need to be specifically asked about. At the same time, by raising the
question, the researcher draws attention to a trait that might otherwise go unnoticed, increasing its
importance and possibly biasing the evaluation. This can negatively affect farmers’ evaluation of
the varieties with a low score on that criterion and so affect the overall score. The effect of includ-
ing these two criteria in the overall evaluation can, however, be measured by appropriately adjust-
ing the experimental design. We therefore assigned the participating farmers randomly to two
treatment groups, and in the first one including the evaluation of the tassel (treatment group
1), and in the second one including the evaluation of both tassel and pollen (treatment group
2), and comparing them to a control group where these criteria were not included. At the
end-season evaluation, as the pollen was no longer visible, the pollen criterion was dropped from
the evaluation, so treatment groups 1 and 2 were merged. Participants in the control group were
not asked to evaluate tassel or pollen. Because in the first year (2017) mid-season, the evaluations
of the varieties by the two treatment groups were very similar, the groups were also merged during
the mid-season evaluation in the second year (2018).

Study design/empirical framework

The evaluation was superimposed on a set of trials with FNP varieties conducted in Kenya’s farm-
ers’ fields in the long rainy seasons of 2017 and 2018 (Collinson et al., 2022). The trial compared
conventional hybrids with the FNP version of the same hybrid, with two replicates in each site. In
2017, the hybrids used were combinations of two female lines (KTN71-6 and CML550) and two
male lines (CML572 and CML494), resulting in four entries (Table 1). We repeated each entry
once, resulting in 16 plots in each trial. In this first year, the varieties were chosen based more on
availability than suitability to the regions, and the varieties were all single crosses. In the second
year, 2018, more varieties were available. Eight varieties, of which four were three-way crosses,
were included in the trial, with more varieties adapted to the study areas.

Previous studies with farmers in participatory variety evaluation during participatory rural
appraisals provided a set of traits that farmers found necessary in evaluating maize varieties in
Kenya (Bett et al., 2002; De Groote et al., 2002; Siambi et al., 2002). In 2017, we included 13
of these traits (rows 1-13 in Table 2). Based on discussions with the farmers, we included four
more criteria in 2018 (rows 14-17). To confirm the importance of these criteria to the participants
of this study, we asked them to give the criteria a score for importance (0 = not important,
1 = somewhat important, 2 = important, 3 = very important) (Table 2).

Participants were asked to evaluate the different entries on these criteria. In 2017, they assessed
the four entries and their replicates, with 16 plots in total. In 2018, there were twice as many
entries, 16, so it became difficult for one participant to evaluate them twice. Therefore, each par-
ticipant was only asked to consider one of the two replicates, randomly assigned. To score the
entries, participants used a 5-point Likert scale (Likert, 1932). Experience has shown that a 5-point
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Table 1. Varieties used in the trials, each variety was evaluated with and without Ms44, and
with two reps. in each trial

Year Symbol Pedigree
2017 V1 KTN71-6/CML572
V2 KTN71-6/CML494
V3 CML550/CML572
V4 CML550 /CML494
2018 V1 CML395/CML572
V2 CML395/CML540
V3 CML550/CML572
V4 LaPostaSeqC7/CML444
V5 CML550/CML494//CML536
V6 CML550/CML572//CML444
V7 KTN71-6/CML494//CML572
V8 KTN71-6/CML572//CML539

Note: °/” indicates single cross, and the first variety is the female parent; ‘//’ indicates the second
cross, so A/B//C is a three-way hybrid where A is the female of the single-cross A/B, and A/B is the
single-cross female parent of three-way hybrid A/B//C.

Table 2. Tool for evaluations with the traits evaluated, and experimental treatments among participants

For each plot,
please evaluate
the variety for
this trait on a
scale of A to E°

Treatment How important
Criteria no. group Year Traits is this trait?® Plot 1 Plot 2
1 All 2017 and 2018 Germination/Crop stand
2 All 2017 and 2018 Height
3 All 2017 and 2018 Stalk thickness
4 All 2017 and 2018 Number of cobs per plant
5 All 2017 and 2018 Cob size
6 All 2017 and 2018 Barrenness level
7 All 2017 and 2018 Yield
8 All 2017 and 2018 Biomass (for fodder)
9 All 2017 and 2018 Resistance to stalk borer
10 All 2017 and 2018 Drought resistance
11 All 2017 and 2018 Foliar disease resistant
12 All 2017 and 2018 Tillers development
13 All 2017 and 2018 Early maturing
14 All 2018 only® Husk cover
15 All 2018 only Drooping of the ear
16 All 2018 only Cob rot resistance
17 All 2018 only Lodging resistance
14 Treatment 1 and 2¢ 2017 and 2018 Good tassel formation
15 Treatment 2 only 2017 and 2018 Amount of pollen shed (good pollination)
20 All 2017 and 2018 Overall evaluation (note: not an average)

2Codes: 0 = not important, 1 = somewhat important, 2 = important, 3 = very important.

bCodes: A = like very much, B = like, C = neither like nor dislike, D = dislike, E = dislike very much.

In 2108, four criteria were added.

9n the mid-season of 2017, farmers were randomly assigned to three groups: control, treatment 1, and treatment 2; all participants evaluated
the varieties on criteria 1 to 13 and 16, both treatment groups also on criterion 14, only those in treatment 2 on criterion 15. In 2018, treatment
groups 1 and 2 were merged.

scale is convenient for farmers and can easily be translated into any language (De Groote et al.,
2002, 2010). However, experience has also shown that using numbers for the scores can be con-
fusing, as “1” can indicate both a very good or a very poor score. The numbers were therefore
replaced by letter scores, which corresponded to the Kenyan school system (Worku et al.,
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2020). The options were A (like very much), B (like), C (neither like nor dislike), D (dislike), and E
(dislike very much). In 2017, farmers were randomly assigned to different groups: control (par-
ticipants in this group were asked to evaluate the entries on 13 specific traits and overall, but not
on tassel formation or pollen shed); treatment 1 (participants evaluated entries on the same traits
plus the trait “good tassel formation”); and treatment 2 (participants evaluated entries on the same
traits as those in treatment 1 plus the trait “amount of pollen shed”). As the results of 2017 indi-
cated that the results of treatments 1 and 2 were very similar, these two treatment groups were
merged into one group in 2018, and the members evaluated the entries on both tassel and pollen.
All criteria were expressed on the questionnaire in both English and Kiswahili, the two national
languages in Kenya. Depending on the situation, the criteria were translated into local languages in
the different counties. The questionnaires are found in the Supplementary Materials (S2 and S3).

In selecting varieties, farmers are also concerned about other factors like seed source, price,
availability, and the possibility of using their own saved seeds. However, in this study, we were
only comparing conventional hybrids to the same varieties in which the FNP trait was added. In
this experimental and study design, therefore, all other factors remain constant.

Power calculations indicated that about 120-166 farmers were needed to make a distinction
between the two types of varieties. However, for a design with three treatment arms, we needed
at least 200-250 participants, spread over several sites. Finally, to let farmers observe tassels and
pollen shed, the evaluations needed to be conducted at the mid-season and, to observe yield, also
at the end-season.

Data collection and participants

In 2017, participatory evaluations were organized in five trial sites at the mid-season and eight at
the end-season. In 2018, the breeders had dropped two of the eight trial sites for different reasons
and replaced with other nearby trial sites, and evaluations took place in all these eight sites at both
mid- and end-seasons. The sites were located in six counties in both western and eastern Kenya
(Table 3, Supplementary Material Fig. S4). The mid-season evaluations took place from June to
early July, and the end-season evaluations took place from the end of July to August, on one day
per site. Altogether 1,006 people participated in 2017, with more (73%) at the end-season and
1,691 in 2018 (about half in each season). A majority of participants (62%) were women, and
this was consistent over seasons, sites, and years, with few exceptions.

The evaluations followed the standard procedure. First, scientists and farmers were introduced
to each other. Then the methods and procedures were explained, and each trait was explained and
discussed in detail. The scores to be used for the importance of the traits as well as those used for
evaluation were explained. Afterward, participants were organized into groups of 5-10, each
accompanied by an enumerator. The participants first filled in an informed consent form, fol-
lowed by a short socioeconomic questionnaire that included questions on age, sex, education,
income, and so forth (Supplementary Materials S2 and S3). They then proceeded to the field where
they evaluated the different plots—16 plots in each trial, numbered consecutively, without any
indication or mention of variety or FNP—on the different traits. After the participatory variety
evaluation, participants regrouped and were offered a snack and a drink. At this point, the prin-
ciple of the Ms44 gene and the FNP trait was explained to them, what it looked like and how it
worked, and they subsequently engaged in an open group discussion, where they could ask more
questions and express their opinions.

Data analysis

First, the importance of the different traits was assessed by averaging the importance scores given
by participants on a scale of 1 to 4, and compared by season, as farmers can have different priori-
ties over the different seasons. Only participants of the treatment groups were asked to state the
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Table 3. Number of participants, by site and gender, in the farmer evaluations of Ms44

Mid-season End-season Overall

Number participants N participants N participants

Year Site # County Site Women Men Total Date W M T Date W M T
2017 3 Kirinyaga  Gichugul 18 10 28 28-Aug 18 10 28
4 Kirinyaga  Gichugu2 47 26 73 07-Jul 31 11 42 29-Aug 78 37 115
5 Kirinyaga Mwea East 26 16 42 06-Jul 16 6 22 31-Aug 42 22 64
13 Embu Runyenjes 13 4 17  05-Jul 66 18 84 30-Aug 79 22 101
18 Kakamega Ileho 77 42 119 25-Aug 77 42 119
19 Bungoma Kabula 46 54 100 12-Jul 69 94 163 23-Aug 115 148 263
25 Kakamega Shinyalu 77 46 123 24-Aug 77 46 123
29 Busia Nambale 18 19 37 13-Jul 77 79 156 22-Aug 95 98 193
Total 150 119 269 431 306 737 581 425 1006
% 56 44 100 58 42 100 58 42 100
2018 2 Embu Karurumo A? 44 32 76 12-Jun 64 33 97 26-Jul 108 65 173
4 Embu Karurumo B 107 32 139 11-Jun 70 17 87 26-Jul 177 49 226
7 Kirinyaga Togonye 17 10 27 14-Jun 79 34 113 25-Jul 9 44 140
9 Kirinyaga  Mururi? 107 53 160 13-Jun 82 29 111 25-Jul 189 82 271
12 Kakamega Lubao 53 26 79 04-Jul 79 34 113 0l-Aug 132 60 192
13 Kakamega llala 63 46 109 03-Jul 67 46 113 31-Jul 130 92 222
19 Bungoma Kabula 48 64 112 03-Jul 57 54 111 31-Jul 105 118 223
20 Kakamega Murhanda 63 57 120 04-Jul 86 38 124 0l-Aug 149 95 244
Total 502 320 822 584 285 869 1086 605 1691
% 61 39 100 67 33 100 64 36 100

importance of the FNP-related traits: pollen produced and tassel formation. However, the impor-
tance of these traits was asked for after providing information on the other traits and before
observing the varieties in the field visits. Therefore, the treatment could not affect the stated
importance of other traits.

Next, for each trait, the ordinal scores were converted from their alphabetical form to numeri-
cal values (A =5 to E = 1), and the average scores calculated for all the plots, to compare the FNP
entries with their conventional counterparts graphically and statistically using pairwise ¢-tests.
However, even though the variables now have numerical values, they are still on an ordinal scale,
not an interval scale. This means that a value of four is higher than a value of two, but it does not
mean that a value of four is twice that of a value of two, as it would be for an interval scale. Most
statistical calculations, such as mean values and standard errors, assume interval scales and their
use with ordinal scales is problematic. Therefore, specific analytical methods for this type of data
have been developed, in particular ordinal regression (McCullagh, 1980), which does not require
the assumptions of the interval scale. Ordinal regression has been specifically recommended for
the analysis of farmer evaluation scores (Coe, 2002). It has been used in East Africa for different
technologies including integrated pest and soil fertility management (De Groote et al., 2010) and
farmer participatory evaluation of new maize varieties (Worku et al., 2020). For comparing varie-
ties, participants typically evaluate different varieties simultaneously, and those scores are likely to
be correlated. Hence, random effects should be added to the model, as was done in a previous
study on farmers’ evaluation of maize varieties in East Africa (Worku et al., 2020). The ordinal
model with random effects was used for this study to analyze farmers’ evaluations and compare
ENP vs. conventional varieties for the different traits. We also analyzed the effect of the different
treatments by including them in the model.

Finally, to analyze the importance of the different criteria in the actual evaluation, we regressed
the scores that the varieties received for individual traits on the overall scores that they received.
The coefficients of the individual traits could then be interpreted as their weights in the overall
score, as the ‘revealed importance’, and compared to the importance scores given to the criteria
earlier, which could be interpreted as the ‘stated importance’. Unlike that of the stated importance,
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Table 4. Descriptive statistics of the participating farmers

Pooled means

2017 (N =903) 2018 (N = 1691) (N = 2594)
Group Characteristic Mean Std. Dev. Mean Std. Dev. Mean Std. Dev.
Personal  Gender (1 = female, 0 = male) 0.58 0.49 0.64 0.48 0.62 0.36
Age 44,06 14.83 44.88 15.38 44.59 11.28
Farming experience 17.48 13.20 17.23 13.78 17.32 10.09
Formal education years 8.33 5.00 7.72 3.73 7.93 2.99
Total income (previous year, KES) 92 617 223 475 78 320 121 420 83 297 110 982
Farm Own farm size (ha) 0.85 1.09 0.7325 0.744638 0.77 0.62
Area under maize (ha) 0.49 1.24 0.44921 0.400648 0.46 0.51
Purchased improved maize seed 0.86 0.35 0.92 0.28 0.90 0.22
Purchased fertilizer 0.86 0.35 0.96 0.19 0.93 0.17
Cattle owned (number) 1.71 2.08 1.71 2.08
Oxen owned (number) 0.39 0.82 0.39 0.82

analysis of the revealed importance also allows us to compare the treatment groups with the con-
trol to see if drawing attention to the tassel and pollen affected the overall scores or the scores on
other traits.

Results
Characteristics of participating farmers

Participants were adults of all ages (from 17 to 88), with a majority of women (62%) (Table 4).
Most participants were farmers with many years of farming experience, on average 17 years. Most
had also finished primary education, with an average of 8 years of formal education (the length of
primary school education in Kenya). Average annual cash income was KES 83 297 (about US$
830), about half of which came from agriculture (a bit more from crops than from livestock), a
quarter from salary and a quarter from business and trade. Most participants owned their farm,
with an average size of almost one ha (0.77 ha), about half of which in maize (0.46 ha). Nearly all
participating farmers used improved maize varieties (90%) and fertilizer (93%). Most participants
practiced a mixed cropping/livestock system; about two-thirds of participants owned cattle and a
quarter owned oxen.

Farmers’ evaluation of maize varieties: stated importance of traits

When participants were asked to score the importance of the different traits (or criteria) on a scale
of 0 (not important) to 3 (very important), they gave high scores to most of the traits (Figure 1).
During the mid-season evaluation, the traits which received the highest scores on importance were
yield, early maturity, cob size, and a number of cobs; these all received an average score of between
2.5 and 2.7. When farmers were asked at the mid-season evaluation if tassel formation was impor-
tant, they scored the trait very highly (2.68) second only to yield (2.69) (out of a maximum of 3).
Similarly, the amount of pollen shed received an importance score of 2.6. Participants were not
asked to score all traits for importance during the mid-season evaluation; ear-related traits in par-
ticular were not discussed as they could not yet be observed at this point in time. In the end-season
evaluation, however, tassel formation only scored 2.44, which put it in the third-to-last position in
terms of importance among criteria. Also, most traits in the end-season evaluation received even
higher importance scores than in the mid-season evaluation, and almost all criteria received a
score between 2.5 and 3. There was no significant difference in the importance of these traits
between treatment farmers (those asked to evaluate the tassel and pollen) and control farmers
(who were not).
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Figure 1. Importance of maize variety evaluation criteria, according to participants (on a scale of 0 = not important to
3 = very important).

Farmer evaluation of FNP varieties in 2017

Farmers were invited to the trials twice, once at the mid-season and once at the end-season, and
during each visit they were asked to score the varieties on a 5-point scale for the different traits. By
converting the scores to numerical values (from 1 to 5), mean scores could be calculated for the
ENP varieties and their conventional counterparts and compared using the pairwise t-test. During
the mid-season evaluation of 2017, the conventional varieties received significantly higher scores
on tassel formation and pollen shed than the FNP varieties, indicating that farmers could visually
distinguish FNP from conventional varieties and preferred the latter on these traits (Figure 2).
However, in the mid-season, the score for yield and the score for related traits such as cob size
were higher for FNP varieties than for conventional ones; otherwise, there was little difference
between the scores of both types of variety. Finally, the overall score of the FNP varieties was
significantly higher than that of the conventional, pollen-producing varieties.

In the end-season (at harvest), the evaluation for pollen formation was dropped, as there is no
pollen to be seen in maize at this stage, but the tassel is still visible, although dried and brown, so
farmers in both treatment groups were asked to evaluate this trait. However, the scores for tassel
formation were no longer different between FNP and conventional varieties, indicating that par-
ticipants could no longer tell the difference. This is understandable as, at this stage, the maize plant
including the tassel has dried up and turned brown. Further, ENP varieties generally scored better
on several individual criteria, especially cob size and yield, and their overall scores were signifi-
cantly better than those of the conventional varieties. The average scores for all varieties on dif-
ferent traits and seasons are presented in Supplementary Materials Table S5.
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Figure 2. Farmer evaluation of conventional (male fertile) and FNP (50% non-pollinating) varieties in 2017, on a 5-point
hedonic scale (1 = dislike very much, 2 = like, 3 = neither like nor dislike, 4 = like, 5 = like very much).

For a more robust statistical analysis, and taking into account the nature of the data, we used an
ordinal regression model with random effects. We conducted the analysis for the three major traits
relevant to male sterility: tassel formation and pollen shed (expected to be affected negatively),
yield (expected to be affected positively), and overall evaluation, the synthesis (Table 5). We also
included in the model the four different varieties (the first one being the omitted category), next to
the FNP trait. Only farmers in the treatment groups were invited to evaluate the amount of pollen
shed (treatment 1) or good tassel formation (treatments 1 and 2).

Treatment 1 participants could clearly distinguish FNP varieties from conventional varieties in
the mid-season evaluation by the amount of pollen shed and scored them significantly lower. The
coefficient (—0.39) is the log odds ratio and its exponent (0.67) the odds ratio. The odds ratio
indicates that the odds of FNP varieties scoring higher than conventional varieties (the probability
of FNP varieties scoring higher over the probability that they do not) are 67%. In other words, FNP
varieties are less likely to be preferred over conventional varieties on this trait. Farmers in treatment
groups 1 and 2 also evaluated the different entries on good tassel formation, and here again FNP vari-
eties scored substantially and significantly lower than their conventional counterparts, with a similar
coefficient and odds ratio (67%). Interestingly, there were also differences between varieties, with the
second variety scoring significantly better on pollen as well as on tassel. Still during the mid-season
evaluation, FNP varieties scored significantly higher than conventional varieties on yield (coefficient of
0.269 or odds ratio of 1.31), indicating that farmers could observe the yield difference that FNP varie-
ties generated and appreciated it. In the overall evaluation, FNP varieties scored better, although the
coefficient was small compared to the differences between varieties.

The results of the ordinal regression on the end-season evaluation show that, at this stage, par-
ticipants did not distinguish between the tassels of FNP varieties and their conventional counter-
parts. On the other hand, the yield scores for the FNP varieties were substantially and significantly
higher than those of the conventional varieties, as in the mid-season evaluation. However, the
overall scores for the FNP varieties in the end-season were now substantially and significantly
higher than those of their conventional counterparts (coefficient of 0.266 or odds ratio of 1.30).

Finally, we repeated the same ordinal regression from Table 5 on all traits in the study, again
with the varieties as co-factors, and sorted the coefficients for FNP vs. conventional varieties (the
binary variable in the second row of Table 5). To visualize the results, we then mapped the coef-
ficients to show how the FNP varieties were evaluated differently on these traits (Figure 3) at both
the mid-season (Panel A) and the end-season (Panel B). The results show that at the mid-season,
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Table 5. Statistical analysis of farmer evaluation of Ms44 varieties in 2017, using ordinal regression with random effects

Mid-season End-season
Pollen Tassel Yield Overall Tassel Yield Overall
Variable (Tr2only) (Tr1+ Tr2) (all) (all) (Trl + Tr2) (all) (all)
FNP (1 = FNP variety, —0.322*** —0.393*** 0.269***  0.148** 0.08 0.272***  0.266™**
0 = conventional variety)  (0.099) (0.083) (0.057) (0.058) (0.048) (0.034) (0.034)
V2 (KTN71-6/CML494)? 0.232 0.183 0.732***  0.683*** 0.548*** 0.875***  0.932***
(0.140) (0.117) (0.081) (0.081) (0.069) (0.049)  (0.050)
V3 (CML550/CML572) 0.815*** 0.583*** 1.219***  1.336*** 0.064 0.607***  0.546™**
(0.142) (0.119) (0.083) (0.084) (0.068) (0.049)  (0.049)
V4 (CML550/CML494) —0.006 0.113 0.586***  0.534***  —0.3*** 0.05 0.068
(0.139) (0.116) (0.080) (0.081) (0.068) (0.049)  (0.048)
o%, 2.062 1.64867 1.158 1.588 1.512 1.288 1.254
N obs. 1,520 2,139 4287 4,288 6,074 11 849 11 802
N part. 101 134 268 268 389 736 735
Wald 2 55 49 240 259 59 507 519
Log LH —1879.04 —2645.765  —5756.87 —5539 —7904 —15584 —15509
2The base category is V1 (KTN71-6/CML572).
(a) Mid-season (b) End-season
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Figure 3. Coefficients of ordinal regression comparing scores of FNP to their conventional counterparts (model includes
four varieties and random errors), mid- and end-season 2017.

ENP varieties received better scores on most criteria. Still, the scores were only significantly higher
for yield, stalk borer resistance, cob size, and barrenness levels. Still, in the mid-season, the FNP
varieties received significantly lower scores for the two relevant traits: tassel and pollen formation.
At the end-season evaluation, the FNP varieties scored substantially higher on almost all traits, but
not for tassel and pollen formation.

Farmer evaluation 2018

In 2018, the trials were repeated, again at eight sites but with two new ones. This time, eight varie-
ties were included, each with and without FNP, with two replicates. Farmers evaluated all 16
entries, but only one replicate each, with a slightly extended list of traits (Table 2). The results

https://doi.org/10.1017/50014479723000054 Published online by Cambridge University Press


https://doi.org/10.1017/S0014479723000054

Experimental Agriculture 11

__ 38
o=
=
=
g 37 Conventional (pollinating)
_—— 1 1 mm T
g [ FNP (50% non-pollinating) LI E & B3
Q
= 36 ¥
wn ) +
2 NS ] =
% 35 I : 1
E | EE]
E
z 34 ‘ I
@
> .
g 1t
- 33
s
Ll
E 3.2
=
i
S 31
vy
Pollen Tassel* Yield***  Overall *** Pollen Tassel Yield***  Overall ***
Mid-season End-season

Figure 4. Farmers’ evaluation of the conventional (pollen producing) and FNP (50% non-pollinating) entries in 2018 for the
key traits.

show that, unlike in 2017, participants in 2018 did not score the FNP entries lower for the amount
of pollen shed and even scored them slightly higher for tassel formation (Figure 4). This was
against expectations, but during the discussion with farmers at the end of the evaluation sessions,
they explained that they remembered from last year that less tassel development and pollen shed
were not negative traits. Further, during the same mid-season evaluation of 2018, FNP entries
scored markedly higher on yield and overall evaluation compared to conventional varieties.
The end-season evaluation of 2018 showed similar results, with no difference in pollen shed
or tassel formation scores and significantly higher scores for yield and overall evaluation. The
scores for all the traits were, however, much higher compared to the mid-season scores. This
might imply that, at the end-season, these features were more developed, and farmers tended
to give them higher scores.

For a more robust statistical analysis, we again used the ordinal regression model with random
effects (Table 6, first panel). The results confirmed that at the mid-season, the score for pollen was
not now different for the FNP varieties, but the score for tassel formation was significant and
positive, as were the scores for yield and overall. At the end-season, on the other hand, the scores
for tassel and pollen were not significantly different between the FNP and the conventional varie-
ties, but those for yield and overall evaluation were very different (Table 6, second panel).

We repeated the analysis for all the traits in 2018 (Supplementary Material Fig. S6). Except for
pollen and tassel, FNP varieties now scored significantly higher than conventional varieties for
almost all traits, at both mid- and end-season evaluations. This shows that farmers could tell
the difference between FNP varieties and conventional varieties and liked the FNP varieties better,
or at least for the traits used in this evaluation.

Effect of the treatments

The study was specifically designed to obtain farmers’ opinion on the FNP trait without drawing
undue attention to relevant traits. Therefore, only farmers in the treatment groups were asked to
evaluate pollen quantity (treatments 1 and 2) and tassel formation (treatment 2). To ascertain if
the treatments drew attention to these particular traits, and away from other traits, we analyzed
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Table 6. Statistical analysis of farmer evaluation of FNP varieties, using ordinal regression with random effects: mid- and end-season 2018

Mid-season End-season

Variables Pollen Tassel Yield Overall Pollen Tassel Yield Overall

FNP 0.034 0.249*** 0.190*** 0.209*** 0.036 0.018 0.190*** 0.159***
(0.05) (0.03) (0.03) (0.03) (0.04) (0.04) (0.03) (0.03)

V2 (CML395/CML540)? —0.367*** —0.429*** —0.633*** —0.613*** —0.701*** —0.709*** —0.633*** —0.809***
(0.09) (0.06) (0.06) (0.06) (0.09) (0.09) (0.06) (0.06)

V3 (CML550/CML572) 0.135 0.374*** —0.545*** 0.379*** —0.58*** —0.593*** —0.545*** —0.692***
0.09) (0.06) (0.06) (0.07) (0.09) (0.09) (0.06) (0.06)

V4 (LaPostaSeqC7/CML444) —0.639*** —0.741*** —0.836™** —0.952*** —0.978*** —1.015*** —0.836™** —0.877***
(0.09) (0.06) (0.06) (0.07) (0.09) (0.09) (0.06) (0.06)

V5 (CML550/CML494//CML536) —0.255** —0.214** 0.01 —0.438*** —0.184* —0.212* 0.01 —0.014
(0.09) (0.06) (0.06) (0.06) (0.09) (0.09) (0.06) (0.06)

V6 (CML550/CML572//CML444) —0.104 —0.252*** —0.31*** —0.352*** —0.564*** —0.674*** —0.31*** —0.408***
(0.09) (0.06) (0.06) (0.06) (0.09) (0.09) (0.06) (0.06)

V7 (KTN71-6/CML494//CML572) 0.105 0.453*** —0.066 0.356*** -0.071 0.035 —0.066 0.039
(0.09) (0.06) (0.06) (0.06) (0.09) (0.09) (0.06) (0.06)

V8 (KTN71-6/CML572//CML539) —0.545*** —0.798*** —0.78*** —0.895*** —0.583*** —0.635"** —0.78*** —0.85***
(0.09) (0.06) (0.06) (0.06) (0.09) (0.09) (0.06) (0.06)

o2 1.327 0.881 0.881 1.317 1.111 0.991 0.709 0.851
(0.12) (0.11) (0.06) (0.08) (0.10) (0.09) (0.05) (0.05)

N observations 6,443 13 215 13 215 13 119 7,161 7,135 14 220 14 120

N participants 411 828 828 826 474 450 889 886

Wald X2 136 755 755 870 205 245 479 608

Log likelihood —8825 —18837 —18837 —18154 —9508 —9431 —19747 —19348

X2 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

2The base category is V1 (CML395/CML572).
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whether the assignment of participants to treatment or control groups affected their evaluation
scores. As illustrated for the overall evaluation, we did not find a significant treatment effect on the
scores (Table 7). There was no significant direct effect, meaning that treatment participants do not
give different scores in general. There was also no significant cross effect, meaning that treatment
participants did not give separate scores for ENP varieties. Analysis for the yield scores produced
similar results.

We also analyzed whether, by drawing attention to specific traits, the importance of these traits
differed between treatment and control groups. In the stated importance scores, we did not find
any differences between the groups. This is understandable, as farmers were asked this at the
beginning of the field day, before they had observed the varieties in the field, and the traits
for pollen and tassel were put at the end of the list. Therefore, we explored an alternative analysis
by regressing the overall score on the scores for different traits (results for 2017 in Figure 5, for
2018 in Table 8). As the coefficients add up to about 1, they can be interpreted as the weight
farmers give to the individual traits that are combined into giving an overall score.

The results for the mid-season evaluation of 2017 show that in treatment 2, where participants
were asked to score both pollen and tassel, the coefficient for pollen shed was significant. Still, the
coefficient for good tassel formation was not (Figure 5). In treatment 1, where farmers were not
asked about pollen, the coefficient for tassel formation was significant and, remarkably, almost
equal to the coefficient for pollen in treatment 2. This suggests that farmers in treatment 1 were
actually judging the varieties by the quantity of pollen shed (or combining the two traits) when
evaluating the tassel formation. Adding the evaluation for tassel or pollen did affect the weights of
the other traits. Still at the mid-season of 2017, this decreased the weight for yield, the most impor-
tant trait, and brought the importance of good tassel formation (treatment 1) and amount of pol-
len shed (treatment 2) to a similar level as yield, as measured by the coefficients, which contrasted
strongly with the stated importance (Figure 1). Similarly, at the end-season, the effect of the treat-
ment was that good tassel formation became the second-most-important trait after yield. The
effect of the treatment on other traits was, however, not consistent over the seasons.

We repeated the analysis for the 2018 data (Table 8). Again, farmers in the treatment groups
evaluated the different varieties for good tassel formation and pollen shed, while those in the con-
trol group did not. At the mid-season (Table 8, first panel), the coefficients for both good tassel
formation and pollen shed were significant at 1%, but pollen shed was substantially higher (0.32)
than tassel formation (0.19). Amount of pollen shed was the third most important trait after yield
and early maturing. Adding the evaluations for tassel and pollen did affect the weights of the other
traits; it decreased particularly the coefficients for yield, early maturing, cob size, and number of
cobs and increased the coefficients for crop stand, stalk thickness, and biomass. During the end-
season evaluation also, when farmers were asked to evaluate varieties for the tassel (treatment
group), the evaluation score for tassels affected the overall score, substantively as well as signifi-
cantly (Table 8, second panel). Good tassel formation became the most important trait, overtaking
yield which in the control group (and in other studies as well) was always the most important trait.
So even though farmers did not distinguish FNP from conventional varieties on tassel formation,
the scores they gave to different varieties on this trait affected their overall evaluation.

Finally, the analysis also revealed which criteria were important in farmers’ overall evaluation,
and how this differed from what they stated as important. Yield consistently received the highest
coefficient (on average > 0.40), indicating that it contributed most to the overall evaluation (more
than 40%) (Table 8). The only other trait that received a similar value was early maturity, but only
at the mid-season evaluation. The next two traits were cob size and the number of cobs, receiving
values of around 0.2, and both were strongly related to yield. These were followed by a range of
traits receiving between 0.1 and 0.2, including height, resistance to diseases, germination, good
tassel formation, and drought resistance. A range of other traits, while still significant, received
lower values.
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Table 7. Analysis of the effect of the treatments on overall evaluations (ordinal regression model including varieties and random effects)

2017 2018
Mid-season End-season Mid-season End-season

Group Variable Coeff. St dev. P Coeff. St dev. P Coeff. St dev. P Coeff. St dev. P
FNP FNP 0.269 0.101 0.008 0.279 0.052 0.000 0.190 0.045 0.000 0.187 0.044 0.000
Treatment  Treatment 0.220 0.187 0.239 —-0.074 0.096 0.445 0.034 0.092 0.711 0.127 0.076 0.093

FNP x treatment —0.179 0.123 0.146 —0.023 0.069 0.738 0.038 0.065 0.555 —0.054 0.062 0.385
Variety V2 0.683 0.081 0.000 0.932 0.050 0.000 —0.613 0.064 0.000 —0.808 0.062 0.000

V3 1.337 0.084 0.000 0.546 0.049 0.000 0.379 0.066 0.000 —0.692 0.063 0.000

V4 0.534 0.081 0.000 0.068 0.048 0.163 —0.952 0.065 0.000 —-0.877 0.063 0.000

V5 —0.438 0.064 0.000 —0.014 0.062 0.825

V6 —0.352 0.064 0.000 —0.408 0.062 0.000

V7 0.356 0.064 0.000 0.039 0.062 0.527

V8 —0.895 0.065 0.000 —0.850 0.062 0.000
Model /sigma2_u 1.549 0.167 1.253 0.082 1.316 0.082 0.848 0.054

N obs. 4,288 11 802 13 119 14 120

N participants 268 735 826 886

Log likelihood - 5,536 -15 508 -18 154 —19347

Wald chi?(6) 266 520 870 610

Prob > chi? 0 0 0 0
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Figure 5. Decomposition of the overall evaluation score over individual evaluation scores, mid-season and end-season
2017 and mid-season 2018, using ordinal linear regression. For the mid-season, farmers in Treatment 1 were asked to eval-
uate the varieties for the same traits as the control farmers plus the trait ‘good tassel formation’; farmers in Treatment 2
evaluated varieties on the same traits as those in Treatment 1 plus the trait ‘amount of pollen shed’). In the end-season, as
pollen shed could no longer be observed, the two treatment groups were merged, and treatment farmers evaluated the
varieties for the same traits as control farmers plus the traits ‘good tassel formation’.

Discussion

This paper presents the analysis of an evaluation by farmers of FNP varieties compared with their
conventional counterparts at the mid-season and the end-season over 2 years, using a 5-point
Likert scale on a range of traits. The results show that when farmers are asked to evaluate maize
varieties, they have a wide range of traits or criteria that they use, including tassel formation and
pollen shed. Yield-related traits stand out as the most important, including yield, crop stand, cob
size, and the number of cobs. Early maturity and drought resistance are also important. This was
consistent at both mid- and end-season evaluations and in both years.

At the mid-season evaluation in the first year, FNP varieties scored lower than their conven-
tional counterparts for pollen shed and tassel formation, but higher for yield, cob size, and overall
evaluation. This clearly showed that farmers could distinguish the FNP trait at the mid-season
evaluation, but they still preferred the FNP varieties over the others because of higher scores
on other criteria, including yield. At the end-season evaluation, however, tassel formation in
FNP varieties no longer received a lower score, indicating that the trait was no longer observable
at harvest. In the second year, at the mid-season evaluation, there was no significant difference for
pollen shed and only a small one for tassel formation, for which FNP varieties now received a
higher score. This indicated that farmers now understood the technology and its positive effects;
this was also confirmed in the discussions with farmers afterwards. In the second year, FNP vari-
eties generally received higher overall scores at both mid-season and end-season, clearly linked to
higher scores for yield and related traits such as cob size, and a better overall outlook. This agrees
with past studies that reported increased yield in hybrids segregating for male sterility by the use of
the Ms44 gene (Fox et al., 2017; Loussaert et al., 2017). The results can be taken as an early indi-
cator of acceptability, as long as the inclusion of the FNP trait leads to higher yields. As a sec-
ondary result, participants also scored three-way crosses higher than single crosses.

Asking farmers about different criteria and including specific traits such as pollen and tassel
were shown here to affect their evaluation, so this type of study needs to be carefully designed and
its impacts analyzed, as demonstrated here. Farmers tend to state many traits as very important,
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Table 8. Analysis of overall evaluation on individual evaluations, mid- and end-season 2018, using ordinal linear regression
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Mid-season 2018 End-season 2018
Treatment Control Treatment Control

Trait Coeff. Std. Error Sig. Coeff. Std. Error Sig. Coeff. Std. Error Sig. Coeff. Std. Error Sig.
Yield 0.375 0.031 0.000 0.461 0.032 0.000 0.359 0.044 0.000 0.441 0.044 0.000
Early maturing 0.326 0.027 0.000 0.623 0.027 0.000 0.087 0.039 0.026 0.170 0.038 0.000
Cob size 0.311 0.032 0.000 0.317 0.032 0.000 0.197 0.045 0.000 0.258 0.044 0.000
Number of cobs 0.171 0.032 0.000 0.187 0.032 0.000 0.232 0.046 0.000 0.265 0.045 0.000
Height 0.128 0.031 0.000 0.134 0.030 0.000 0.276 0.045 0.000 0.148 0.044 0.001
Disease resistance 0.105 0.027 0.000 0.194 0.028 0.000 0.111 0.040 0.005 0.038 0.038 0.313
Germination/crop stand 0.205 0.028 0.000 0.093 0.028 0.001 0.197 0.042 0.000 0.302 0.041 0.000
Good tassel formation 0.189 0.031 0.000 0.268 0.046 0.000

Barrenness level 0.128 0.028 0.000 0.163 0.029 0.000 0.102 0.040 0.012 0.073 0.040 0.066
Drought resistance 0.126 0.027 0.000 0.219 0.028 0.000 —0.023 0.042 0.576 0.098 0.039 0.012
Biomass 0.073 0.028 0.010 0.048 0.028 0.083 0.120 0.041 0.003 0.102 0.040 0.010
Stalk borer resistance 0.040 0.028 0.151 0.056 0.028 0.045 0.056 0.041 0.178 0.062 0.040 0.118
Stalk thickness 0.123 0.033 0.000 0.070 0.031 0.023 0.018 0.045 0.697 0.101 0.044 0.021
Tillers development 0.068 0.023 0.003 0.063 0.024 0.008 —0.062 0.038 0.106 —0.025 0.037 0.507
Husk cover 0.082 0.038 0.031 0.212 0.036 0.000
Drooping of the ear 0.217 0.038 0.000 0.106 0.038 0.005
Cob resistance 0.111 0.040 0.005 0.275 0.039 0.000
Lodging resistance 0.044 0.040 0.270 0.239 0.040 0.000
Amount of pollen shed 0.319 0.030 0.000 0.482 0.045 0.000

R? 0.558 0.574 0.281 0.296

N 6546 6680 3753 3839
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while not making much distinction between them. Regressing overall evaluation over evaluations
of different individual criteria, however, shows a more nuanced story and indicates which traits
really matter. However, including different traits, as seen when including pollen shed and tassel
formation in the treatment groups, affects the weight of the other criteria.

The method used here—asking farmers to score unnamed varieties on a range of traits or
attributes on a 5-point Likert scale—is a convenient way to evaluate new maize technology, as
has previously been shown for evaluating stress-tolerant varieties (Worku et al, 2020) and pest
and soil fertility management (De Groote et al., 2010). The method has some limitations, in par-
ticular, that the scores are ordinal categorical data that should be analyzed with ordinal regression,
and the results (log-odds ratio) are not easy to interpret. However, as we have shown here, the
visual representation of average scores in combination with pair-wise t-tests gives similar,
although not always equal, results that are much easier to understand. Also, the method does
not allow to include other factors, in particular price, availability, and possibility of using
farmer-saved seed. In the future, when conducting farmer evaluations of FNP varieties under
farmer and market conditions, these factors can be included by estimating willingness to pay
for seed with choice experiments or experimental auctions (Horna et al, 2007; Marenya
et al, 2021).

Our results also show that farmer evaluation of a large number of traits has limited value as the
results tend to be highly correlated. Farmers do observe the tassel and pollen issues and are able to
observe yield differences. However, when a variety looks good on yield and general appearance,
this tends to affect their scores on other traits that are less easily observed. Further research is
needed to see if farmers’ positive evaluation of yield would also affect their evaluation of other
traits that are not positively correlated with yield, such as early maturity for example. It would
also be interesting to compare farmers’ scores and physical observations of the same traits, to
compare farmers’ views with the actual crop performance and the breeders’ objectives. A final
limitation is that the evaluations were done on-farm but in researcher-managed trials, so addi-
tional evaluations under farmer conditions would be an important last step in the evaluation
of FNP varieties.

Conclusions

We conclude from our results that farmers” appreciation of FNP is positive and will likely not be
a hindrance to the development and dissemination of FNP varieties in maize-based agricultural
systems. The expected benefit from FNP varieties is ~200 kg ha™'. The production of FNP vari-
eties will be driven by a novel hybrid production process using the dominant male sterile Ms44
gene and a maintainer line. This SPT will enable seed companies to produce high-quality
hybrids without the need for detasseling and at a lower cost. Moreover, by incorporating the
trait into selected new hybrids, the technology could help to increase the varietal turnover of
maize hybrids, which is currently lagging in SSA. Therefore, the combined effects of increased
yield and increased varietal turnover from FNP technology are likely to make a substantial
impact on food production and food security in the maize-based agri-food systems of SSA.
For a proper impact assessment of the technology, monitoring of the adoption of the technology
by seed companies, the amount of FNP seed marketed, and the yield increase in farmers’ fields
remains essential.

Supplementary Materials. Supplementary materials include the questionnaires for 2017 (SM1) and 2018 (SM2), the average
scores for different traits in 2017 (SM3), the regression coefficients for the NFP trait for 2018 (SM4), and the decomposition of
overall evaluation (regression on overall score on scores for specific traits). The data can be found in the repository and are
available online (Collinson et al., 2021).

For supplementary material for this article, please visit https://doi.org/10.1017/S0014479723000054
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