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Abstract

Two groups of Solanum aethiopicum were evaluated for drought stress under
screenhouse conditions in a factorial experiment laid in a completely randomized design with
four replications. The evaluation was done at three stages of growth (seedling, vegetative and
flowering). Watering was done until a desired stage was reached respectively. Data was collected
on different yield parameters (leaf length, leaf width, number of green leaves) and plant status
parameters which included, chlorophyll, stomatal conductance and visual wilting score. Soil
moisture content per pot was also routinely monitored. Results from the general analysis of
variance exhibited significant differences between groups, stage and well-watered vs stressed.
There was a significant decrease (p<0.01) in number of green leaves, leaf length, leaf width,
stomatal conductance and soil moisture content with increasing stress. On the other hand, a
general increase (p<0.01) was recorded in chlorophyll content and leaf wilting score was
observed with increasing stress. At all evaluated developmental stages, water deficit stress
negatively affected both Shum and Gilo groups of Solanum aethiopicum. However, the vegetative
stage was greatly constrained as compared the other stages. Despite the significant constraint for
both groups under water deficit stress at vegetative stage, different drought tolerance
mechanisms are exhibited. Furthermore, The Shum group depicted a relatively higher degree of
drought tolerance as compared to Gilo thereby providing a more reliable source of drought
tolerant genes which could be transferred to other Solanum species.
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Introduction

The Gilo and the Shum cultivar groups of the African eggplant (Solanum
aethiopicum) are one of the most widely cultivated and consumed vegetables in Sub-Saharan
Africa The Gilo group is cultivated for fruit while Shum for leaves (Plazas et al., 2014). This crop
has got both economic and nutritional importance. The nutritionally rich African eggplant
production is an important occupation to many people that contributes significantly to household
income and diets (Omulo, 2016). It is low in calories, has high carotene content and is a good
source of iron, thiamine, riboflavin, and nicotinic acid (Chinedu et al, 2011; Sodamade et al.,
2015). Increased vegetable production of this crop is constrained severally by water stress among
other challenges (Limbu et al., 2018; Ssekabambe and Odongo, 2011; Zziwa and Kabirizi, 2015).
Breeding for drought tolerance is considered as an important strategy in mitigating drought
effects, therefore, identification of parental material for drought resistance is key. Given the
increasing drought episodes that is complimented with limited research, development of
drought-tolerant varieties suitable for water deficit environment becomes a feasible option for
improving production (Kumar et al., 2016). However, development of drought-tolerant varieties
requires a good understanding of the different drought adaptation mechanisms which are
dependent on cultivars (Limbu et al, 2018; Zandalinas et al. (2016a, 2017). Furthermore,
understanding the drought adaptation mechanism from different cultivars will unfold the
possibility of transforming drought tolerance genes across cultivars. Different crop cultivars have
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evolved morphologically, physiologically and biochemically in order to adapt to different
environment using different strategies (Zu et al., 2017) for example, the Gilo cultivar of Solanum
aethiopicum has stellate hairy leaves while the Shum cultivar has glabrous leaves. The hairiness
nature helps to prevent excessive evapotranspiration thereby enabling the plant leaves to
maintain its turgor.

Drought causes significant reduction in production by reducing leaf size, plant
height, shoot biomass and number of leaves (Bbebe et al., 2015). This reduced productivity is as
aresult of reduced water uptake which ultimately affects nutrient uptake from the soil. Plant cells
then lose turgor causing wilting and the stomata closure in order to regulate excessive water loss.
Stomatal closure ultimately results in reduced metabolism and un-sustained photosynthesis and
is visibly identified by wilting symptoms. The extent to which plants withstand these effects of
drought in highly stage specific and greatly dependent on cultivars (Haddadin et al., 2013).

Due to the limited research carried out on these crops, there is little information
on the response to drought screening within S.aethiopicum cultivar groups. The stage of growth
that is most affected by drought is also not clearly determined in these cultivars. Research in some
other crops such as rice (Silveira et al., 2015), millet (Seghatoleslami et al., 2008) has been done
to exhibit resilience amidst water stress at critical stages of seedling establishment and
reproductive stages of development (Bbebe et al.,, 2015) however there is little similar literature
in Solanum aethiopicum. Therefore, this study was carried out to characterize Shum and Gilo in
relation to their water requirement in order to identify the appropriate soil moisture level for
screening of S. aethiopicum groups for drought tolerance. And specifically, to determine an
appropriate growth stage for drought tolerance screening based on morphology and physiology
thereby defining a protocol that can be applied for screening large germplasm.

Materials and Methods

Study location

This study was conducted in Mukono district, at Uganda Christian University in a
screenhouse. Mukono lies at an altitude of 1158 m to 1219 m above sea level and receives two
wet seasons with an annual rainfall ranging between 1100 mm to1400 mm. The temperature
ranges between 21°C to 299C with coordinates 00°20’N 32945’E. However, during two seasons
were experienced a dry season from December 2017 up to March 2018 and wet season from April
to June. This experiment generally run from December, 2017 to June, 2018 and the temperature
ranged between 18°C to 42°C.

Plant material and experimental conditions

Two genotypes of Solanum aethiopicum (Gilo- and Shum-) from the seed bank at
Uganda Christian University were evaluated. A factorial experiment was laid in a completely
randomized design with four replications. Serial planting was done for each stage of evaluation.
Seedling stage was evaluated in January, 2018; vegetative stage in February, 2018 while flowering
stage was evaluated in April, 2018. Seed was directly sown in pots with a mixture of sterilized
loam soil: manure in a ratio of 3:1. Plants were watered on a daily basis after emergence,
maintaining field capacity (47-49%) after soil moisture determination. Drought stress was
imposed to plants at three developmental stages: seedling stage (four weeks after planting-
4WAP); vegetative stage (six weeks after planting-6WAP) and reproductive stage at flowering
(eight weeks after planting-8WAP) respectively.

Data collection

For each developmental stage and water level, eighty plants were evaluated and
data was collected on all individual plants every after two days. The information captured
included: leaf length, leaf width (Vitra et al., 2019), number of leaves (Zhang et al., 2015), wilting
score (Fang and Xiong, 2015), stomatal conductance (Blackman et al., 2018) and chlorophyll
content. Leaf length and leaf width was taken using a meter ruler considering the longest point of
the leaf (from the tip to the start of the petiole) and the widest part of the leaf respectively. Wilting
score was visual and a scale of 1-5 was used where 1=No stress at all and 5 = complete wilting of
the plant. Stomatal conductance was measured using a leaf porometer while chlorophyll was
measured using a hand held chlorophyll meter on the third most upper fully open leaf. Soil



moisture content, screen house temperature and relative humidity were also recorded on a daily
basis.

Statistical Analysis

To investigate the effect of treatment and group in each developmental stage, the
obtained data were subjected to general analysis of variance (ANOVA) using LSD test at the
significance level of 0.05. This was done after data entry in Microsoft excel and sorting. A
correlation analysis was conducted to evaluate the relationship between yield traits and plant
status traits. Separate regression analysis was performed to determine the relationship between
soil moisture content and chlorophyl], leaf length and leaf wilting score. All analyses were done
using STATA/MP 14.0 and Genstat software twelfth version

Results

Drought stress response of S. aethiopicum Shum and Gilo based on; leaf length, leaf width,
number of leaves, wilting score, stomatal conductance and chlorophyll content

During drought stress, yield traits such as leaf length, leaf width and number of
leaves as more stable traits according to Kabod et al. (2018) plus plant health status traits like
chlorophyll, stomatal conductance and leaf wilting score are critical in screening for water deficit
tolerance. All evaluated yield traits decreased with decreasing soil moisture while plant health
status traits increased with decreasing soil moisture content. The duration of drought to leading
to critical levels was shorter at vegetative stage, followed by flowering stage and then seedling
stage. The results showed that under well-watered conditions both S. aethiopicum Shum and Gilo
significantly gave better growth ability than under water-stressed conditions as shown in Table
1, 2 and 3. Solanum aethiopicum Shum comparatively had the highest growth ability group under
both conditions. In Solanum aethiopicum, growth potential under water deficit is dependent upon
the number of green leaves per plant, leaf size, chlorophyll content, and stomatal conductance in
relation to the moisture content in the soil. In this study, the reduction in plant growth under
water stress was associated with all studied traits.

Difference in drought response of S. aethiopicum Shum and Gilo at seedling stage

At seedling stage across days the Shum had a mean of 13.7+4.1, 11.0£2.5;
11.4+3.6, 9.2+2.3; 174.7+86.6, 109.8+45.6; 9+5.8, 4+0.4; 1+0.0, 2+0.9; 345.4+67.8, 139.8+78.4;
36.7+£3.9, 58.9+22.2; and 46.5+£1.1,17.5+11.6 for leaf blade length, leaf blade width, leaf area,
green leaves per plant, leaf wilting score, stomatal conductance, chlorophyll, and soil moisture
content respectively (Well-watered, Stressed). Gilo had different means for well-watered and
control; mean 15.1+4.6, 12.3+£3.2; 12.2+4.2, 9.4+2.3; 202.9+114.7, 123.3£66.9; 4£1.0, 3+1.2;
1+0.9, 2+1.1; 335.5+79.5, 178.9+154.4; 50.5£18.5, 63.1+27.1; and 46.5+1.1, 14.1+11.2 for leaf
blade length, leaf blade width, leaf area, green leaves per plant, leaf wilting score, stomatal
conductance, chlorophyll, and soil moisture content respectively.

Table 1: Changes in Growth and plant health status traits of S. aethiopicum Shum and Gilo
under different moisture levels at seedling stage

Group Day LBL LBW LA LPP LWS SC CHL SMC
WW WS WW WS WW WS WW WS WW WS WW WS WW WS Ww V

1 59 565 48 43 311 261 3 3 1 1 4010 1743 271 240 472 3

2 59 81 49 66 317 574 3 4 1 1 3110 350 31.0 483 3

3 89 87 75 71 725 674 4 4 1 1 2876 2737 346 325 486 3

Shum 4 109 110 96 95 1126 1084 4 4 1 1 397.8 372 395 476 2
5 120 114 106 9.7 1355 1165 5 4 1 1 3193 1257 432 447 465 1

6 147 135 131 11.8 1927 162.9 6 4 1 1 437 609 469 1
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7 150 135 132 118 2102 1623 6 4 1 2 2158 1349 382 613 475 1
8 170 128 150 114 2615 1496 8 4 1 2 36.7 69.1 46.0
9 146 117 104 91 156.7 109.3 9 4 1 2 4049 746 356 716 464
10 173 119 165 100 2910 1123 13 4 1 3 389 758 453
11 191 147 164 122 3201 1814 10 4 1 3 3203 555 340 852 456
12 164 101 133 83 2233 869 15 4 1 3 382 856 452
13 162 101 127 83 2103 869 17 4 1 3 447 369 847 451
14 158 11.9 195.0 19 1 35.3 45.5
15 153 11.2 176.9 20 1 354.9 35.8 46.1
Mean 13.7 11.0 114 9.2 1747 109.8 9 4 1 2 3454 1398 36.7 589 465 1
Stdev. 41 25 36 23 866 456 58 04 00 09 678 784 39 222 11 1
1 86 198 7.0 145 601 2933 3 7 3 1 4001 4615 853 450 475 3
2 83 87 66 65 568 589 3 3 4 1 872 194 463 2
3 85 133 63 103 549 1417 4 4 1 1 339.0 2413 255 338 483 1
4 130 135 102 104 136.7 1453 4 3 1 1 36.5 338 459 1
5 137 147 107 109 149.6 163.1 4 4 1 2 255.0 1457 331 487 471 1
Gilo 6 155 142 116 107 1812 1542 5 4 1 2 46.7 516 46.3
7 161 121 125 98 2035 1213 4 3 1 3 3773 1101 490 822 459
8§ 192 118 167 93 3234 1123 6 3 1 3 521 832 459
9 183 112 159 9.0 2946 1035 5 3 1 3 2239 658 480 888 46.3
10 208 105 183 82 3833 882 5 2 1 3 520 84.8 451
11 192 86 163 6.6 3154 581 5 2 1 4 4178 491 481 86.3 451
12 195 91 140 6.9 2752 403 6 2 1 4 430 995 486
Mean 151 123 122 94 2029 123.3 4 3 1 2 3355 1789 505 631 465 1
Stdev. 46 32 42 23 1147 669 10 12 09 11 795 1544 185 271 11 1

Where LBL-leaf blade length, LBW-leaf blade width, LA- leaf area, LPP- number of green leaves per plant, LWS-leaf wilting score, SC-
stomatal conductance, CHL-chlorophyll content and SMC-soil moisture content.

Difference in drought response of S. aethiopicum Shum and Gilo at Vegetative stage

At vegetative stage S. aethiopicum Shum had the following means across days

where the first value represents the well-watered and the second represents the stressed;
15.5+0.9,11.7+0.8; 13.3£0.8, 9.84+0.9; 211.6+23.4, 101.2+43.2; 8+3.1,
3+1.4;426.5+42.8,262.4+142.2;44.9+1.7,72.1+12.5; and 44.8+1.1,11.9+6.1 for leaf blade length,
leaf blade width, leaf area, green leaves per plant, leaf wilting score, stomatal conductance,
chlorophyll, and soil moisture content respectively. Gilo had the following means across days;
21.1+2.8, 14.4+0.7; 15.8+2.4, 10.8+1.1; 353.8489.3, 122.7+54.8; 8+0.8, 3£1.0; 1+0.0, 3+1.2;

296.3+¥30.9, 163.8+24.2; 35.4+3.8, 49.6%x10.3; and 44.8+0.5, 9.4+5.8 for leaf blade length, leaf

3£1.3;

1+0.0,

blade width, leaf area, green leaves per plant, leaf wilting score, stomatal conductance,
chlorophyll, and soil moisture content respectively.



Table 2: Changes in Growth and plant health status traits of S. aethiopicum Shum and Gilo
under different moisture levels at vegetative Stage

Group Day LBL LBW LA LPP LWS SC CHL SMC
WW WS WW WS WW WS WW WS WW WS WW WS WW WS Ww W
1 138 126 11.8 109 1688 141.2 5 5 1 1 4638 4194 423 913 455 2
2 153 125 131 10.7 2055 139.5 6 5 1 1 406.4 442 527 426 1
3 157 114 138 95 2168 117.2 7 4 1 3 3925 1424 455 691 458 1
4 167 116 137 96 2198 1125 N 3 1 3 3888 473 771 451
5 164 111 142 91 2380 60.5 7 3 1 4 4809 2254 445 698 4438
Shum 6 162 107 134 88 2209 361 13 1 1 4 456 729 450
Mean 155 11.7 133 98 211.6 101.2 8 3 1 3 4265 2624 449 721 448 1
Stdev. 09 08 08 09 234 432 31 13 00 14 428 1422 1.7 125 141
1 184 156 140 119 2765 1972 7 5 1 2 3166 1810 36.2 496 448 1
2 179 142 129 99 2512 1501 7 3 1 3 366 57.8 440 1
3 235 144 184 115 4427 1275 9 3 1 3 260.7 146.7 408 620 45.0
4 238 141 180 111 4404 717 8 3 1 4 323 391 450
Gilo 5 217 138 158 94 3580 67.0 8 3 1 4 3117 312 39.8 451
Mean 211 144 158 10.8 353.8 122.7 8 3 1 3 2963 163.8 354 49.6 4438
Stdev. 28 07 24 11 893 548 08 10 00 12 309 242 38 103 0.5
Where LBL-leaf blade length, LBW-leaf blade width, LA- leaf area, LPP- number of green leaves per plant, LWS-leaf wilting score, SC-
stomatal conductance, CHL-chlorophyll content and SMC-soil moisture content.
Difference in drought response of S. aethiopicum Shum and Gilo at Flowering stage
Across days at flowering stage S. aethiopicum Shum had the following means for
well-watered and stressed; 14.8+1.4, 13.5+2.2; 2.1+1.6, 10.8+2.2; 185.9+41.5, 148.8+59.5;
19+3.5,12+3.4; 1+0.0, 3+1.1; 483.4+120.5, 116.9+66.8; 37.3+3.3, 62.4+12.0; and 45.1+0.4,
11.9+£12.8 for leaf blade length, leaf blade width, leaf area, green leaves per plant, leaf wilting
score, stomatal conductance, chlorophyll, and soil moisture content respectively. Solanum
aethiopicum Gilo had the following; 18.1+2.3, 16.9+£3.1; 13.7+2.1, 13.1+2.6; 258.2+74.2,
210.94115.6; 16+7.8,8+2.2; 1+£0.0, 3+1.3; 443.2473.2, 100.6£35.5; 36.5+3.2, 59.3+11.7; and
45.3+1.7,10.2+12.8 for leaf blade length, leaf blade width, leaf area, green leaves per plant, leaf
wilting score, stomatal conductance, chlorophyll, and soil moisture content respectively.
Table 3: Changes in growth and plant health status traits of S. aethiopicum Shum and Gilo
under different moisture levels at Flowering Stage
Group Day LBL LBW LA LPP LWS SC CHL SMC
WW WS WW WS WW WS WW WS WW WS WW WS WW WS ww WV
1 168 163 13.6 137 2206 2234 12 14 1 1 56699 1962 391 429 452 4
2 16.0 155 134 129 216.0 2047 18 17 1 1 5954 1603 435 432 453 1
3 1563 144 125 117 19%.8 1751 18 18 1 2 6138 2234 39.7 557 458 1
4 151 137 126 109 1938 1550 18 11 1 3 5225 847 398 611 455
5 16.7 155 142 127 2462 2013 20 10 1 2 6378 939 351 617 451 1
6 154 152 127 126 2054 196.7 17 8 1 3 3170 596 359 690 450
7 136 11.0 105 81 1435 823 23 11 1 3 3225 649 342 681 447
g8 133 109 103 82 1408 823 22 10 1 3 3996 523 365 752 448
9 123 113 92 84 1126 88 24 10 1 4 4551 36.4 742 449
Shum 10 148 111 119 85 1834 802 21 9 1 4 4003 322 731 444
Mean 148 135 121 108 1859 1488 19 12 1 3 4834 1169 373 624 451 1
Gilo Stdev 14 22 16 22 45 595 35 34 00 11 1205 668 33 120 04 1




1222 212 173 166 4009 3614 8 9 1 1 3640 1324 338
2 217 212 159 165 3546 357.2 9 9 1 1 4808 1751 385
3 179 212 145 165 2646 3572 11 9 1 2 4031 882 375
4 180 171 144 141 2652 2465 11 11 1 3 5924 733 392
5 181 155 144 125 2665 1986 18 8 1 3 5321 706 327
6 182 145 145 111 2692 1644 18 6 1 3 4076 864 406
7 162 155 122 123 2028 1514 17 5 1 4 3593 920 364
8 165 144 123 114 2087 1415 17 5 1 4 4293 870 3438
9 1568 135 113 10.1 1841 840 21 5 1 4 4313 40.5
10 159 146 103 99 1655 471 35 8 1 5 4326 31.5
Mean 181 169 13.7 131 2582 2109 16 8 1 3 4432 1006 36.5

Stdev. 23 31 21 26 742 1156 78 22 00 13 732 355 3.2

37.0
46.0
55.2
59.2
51.4
70.3
72.8
66.9
66.9
67.5
59.3
1.7

448
441
50.0
446
45.1
452
446
45.1
454
441
45.3

1.7

Where LBL-leaf blade length, LBW-leaf blade width, LA- leaf area, LPP- number of green leaves per plant, LWS-leaf wilting score, SC-
stomatal conductance, CHL-chlorophyll content and SMC-soil moisture content.

Effects of Drought Stress on yield and plant health status traits of S. aethiopicum Shum and
Gilo at different stages of growth

Imposing drought stress to Solanum aethiopicum Shum and Gilo resulted into a
highly significant (p < 0.05) differences in all evaluated variables. A general analysis of variance
indicated that there was a significant difference between the three stages, two water levels, and
group for almost all evaluated variables except for stomatal conductance between groups
(<0.775). Based on interactions (Group x Water level), stomatal conductance, leaf width and soil
moisture did not exhibit any significant differences. All variables exhibited significant differences
with stage X Water level (WL) interaction. Group x Stage x Water level interaction did not exhibit
significant differences with Chlorophyll, Stomatal conductance, wilting score and soil moisture
content (Table 4).

Table 4: Summary of F.Pr for different evaluated traits
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Group 1 <.001 0.775 <.001 <.001 <.001 <.001 0.02
Stage 2 <.001 <.001 <.001 <.001 <.001 <.001 <.001
WL 1 <.001 <.001 <.001 <.001 <.001 <.001 <.001
Group.WL 1 <.001 0.762 0.012 <.001 <.001 0.117 0.122
Stage.WL 2 <.001 <.001 <.001 <.001 <.001 <.001 <.001
Group.Stage.WL 2 0.153  0.405 <.001 0.249 <.001 <.001 0.228

The effect of drought stress was determined at three different stages; seedling,
vegetative and reproductive stage. A significant difference was observed in how both groups
respond to drought at different stages (Table 4). The vegetative stage had the highest water
requirement and highest wilting score over few days; six days for Shum and five days for Gilo.
(Figure 1 and Figure 2).
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Figure 1: Water requirement for S. aethiopicum Shum and Gilo at different stages (1-Seedling stage,
2-Vegetative stage, and 3-Flowering stage

Relationship between yield and plant health status traits of S. aethiopicum Shum and Gilo
with moisture content

To determine the relationship between yield and plant health status traits, a
correlation analysis was conducted as in table 5 below. Both negative and positive strong
correlations were observed among all evaluated traits. Basing on relationship between soil
moisture content and all the other evaluated traits, some traits were selected for further analysis.

Table 5: Correlation between evaluated yield and drought tolerance indicator traits at
vegetative stage

LBL LBW LA LPP LWS CHL SMC
Shum Gilo  Shum Gilo Shum Gilo Shum Gilo Shum Gilo Shum Gilo  Shum Gilo

LBL  1.000 1.000

LBW 0.997 0.984 1.000 1.000

LA 0975 0.981 0978 0.948 1.000 1.000

LPP 0.809 0.983 0.821 0.958 0.806 0.971 1.000 1.000

LWS 0.804 0.863 0.828 0.797 0.883 0915 0.665 0.925 1.000 1.000

CHL 0.750 0.558 0.721 0593 0.696 0.423 0.554 0619 0461 0437 1.000 1.000

SMC 0.928 0.904 0.934 0.867 0.933 0.917 0.759 0.966 0.881 0.975 0.809 0.611 1.000 1.000

LBL-leaf blade length, LBW-leaf blade width, LA-leaf area, LPP=Number of green leaves per plant, LWS-Leaf wilting score, CHL-Chlorophyll,
SMC-Soil moisture content

Considering the vegetative stage (the most affected stage), the difference in
drought response between Gilo and Shum was determined. Without stress both the evaluated
cultivars grew well however with increasing stress, to escape the harsh conditions, the
Chlorophyll content of Shum drastically reduced by the third day at moisture content of
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approximately 14%, it thereafter increased to obtain its peak by the ninth day when soil moisture
had dropped to 11% after which it become relatively constant. Gilo exhibited relatively lower
amounts of chlorophyll compared to Shum despite the fact that it had a slightly different trend.
The difference in the trend is that Gilo had a gradual increase in chlorophyll content from day one
to the sixth day at approximately 10% soil moisture content where it obtained its peak thereafter
gradually reduced until the last day when the plant completely wilted on the twelfth day (4%).
Polynomial standard curves were generated with R2=0.86(Gilo) and 0.78(Shum) for chlorophyll
as in Figure 1 below
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50 |
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Figure 2: Relationship between chlorophyll content and soil moisture content for S. aethiopicum
Shum and Gilo at vegetative stage

Leaf blade length was determined as the distance from the point where the
petiole begins to the tip of the leaf. With increasing stress, leaf blade length for both Shum and
Gilo decreased gradually. The curve for Gilo was above the curve for Shum. Linear standard
curves were generated with R2=0.79(Gilo) and 0.74(Shum) for leaf blade length under drought
stress at vegetative stage (Figure 2).
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Figure 3: Relationship between leaf blade length and soil moisture content for S. aethiopicum
Shum and Gilo at vegetative stage

The mean soil moisture content and mean leaf wilting score of Gilo is slight lower
than that of Shum despite the fact that both graphs follow the same trend. When a visual wilting
score was made over time, the highest mean score (4) was recorded at 6% soil moisture content
by the sixth day while for Gilo, the highest mean score was recorded at 3% soil moisture content
by the fifth day. Between 10-15% soil moisture content both Shum and Gilo had the same wilting
score of 2.5(37% of leaves have wilted). Linear curves Both Gilo and Shum were generated with
R2=0.93(Gilo) and 0.96(Shum) for leaf wilting score.
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Figure 4: Relationship between leaf wilting score and soil moisture content for S. aethiopicum Shum
and Gilo at vegetative stage

Discussion

Effect of drought at different stages

The significant differences imply that the response of Solanum aethiopicum to
drought is dependent on the stage of growth and group. Different growth stages have different
water requirements therefore drought tolerance of these plants at one developmental stage does
not predict tolerance of the same plant at another developmental stage. This also met that despite
the fact that the evaluated S. aethiopicum groups are from the same species, they may have
different adaptive strategies to drought. Basing interactions as reported significant by Sseremba
et al,, 2018, not all evaluated variables exhibited significant differences with group x water level
interactions. This implied that at both water levels; stomatal conductance, leaf width and soil
moisture responded with a similar trend hence not involved in further analysis.
Both yield and health status traits in response to drought stress were significantly constrained at
vegetative stage compared to seedling and flowering stage for both groups. This makes
vegetative stage more suitable for drought screening in Solanum aethiopicum. It also implies that
this stage has more water requirement compared to other stages. This may be attributed to the
rapid metabolic processes such as photosynthesis that take place at this stage. Plants tend
mobilize food and energy in preparation for the next developmental stage of flowering.

A reduction in stomatal conductance, number of green leaves, leaf length and leaf
width at all stages for both Shum and Gilo was recorded which confirms the results obtained in
sesame by Boureima and collegues, 2012. This is because as drought stress increases, the stomata
will close as a mechanism to reduce metabolism thereby resulting into un-sustained
photosynthesis. The number of green leaves reduced due to the wilting effect which in a long run
causes the leaves to dry and drop off. Leaf Length and leaf width reduces due to the loss of cell
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turgor (Jaleel et al., 2009) and hinderance in cell division. Usually, the amount of chlorophyll
reduces with increasing stress (Sarani et al., 2014; Bansal et al., 2016; Zu et al., 2017) however in
this study the amount of chlorophyll exhibited a different pattern as it increased with increased
drought stress which agreed with the results reported by Khayatnezhad (2011) and Alaei (2011)
in wheat genotypes. There findings were attributed to the varying intensity of the water stress
imposed which I would agree with since watering was stopped at one and each day that passed
imposed more stress. Besides, this may also be attributed to the physiological change of
converting chlorophyll a to chlorophyll b which is a better at tolerating dry conditions (Fani,
2012). This can further be explained by the effect of heat shock proteins.

Response of Shum and Gilo to drought stress

There was a significant difference in how Solanum aethiopicum Gilo and Shum
respond to drought. Gilo was observed to be more drought sensitive compared to Shum as it
attained a highest mean of leaf wilting score and lowest soil moisture content in fewer days (5)
as compared to Shum. The lowest soil moisture content may indicate that Gilo requires more
water at all the evaluated developmental stages. Basing on Chlorophyll, Gilo exhibited a clear
curve compared to Shum whose trend was not clear. This implies that chlorophyll as a good
indicator of health status, can be a more reliable trait for drought screening in Solanum
aethiopicum Gilo as compared to Gilo. There was a more significant difference in leaf blade length
compared to leaf blade width based on group x water level interactions. This was contrary to the
finds from the previous study on Shum group as leaf blade width was more correlated to leaf size
(Nakanwagi et al.,, 2018). These results suggest that while leaf blade width can be basis for
determining leaf size in Shum, leaf blade length is more appropriate for Gilo. Despite the fact that
the two groups are close relatives from the same species, it is evident that they use different
avoidance approaches of managing drought stress (Ali et al., 2013). Their differences could also
be attributed the drought resistance genes present on both groups. It is normal for plants under
stress to maintain their metabolic and structural capacity. In the venture to do so, plants tend to
modify gene expression accordingly.

Conclusion

Both groups used in the study showed good ability to withstand drought stress.
However, the Shum group’s ability to withstand drought superseded that of Gilo. Hence the Shum
group seem to have more drought tolerance genes as compared to Gilo. The differentiation
between the two groups was based on the vegetative stage as it emerged the most appropriate
stage for drought screening. Despite the fact that both groups were greatly affected at vegetative
stage, it is important to note that the traits that are more appropriate for drought screening in
Solanum aethiopicum groups may be different. This suggests the different drought tolerance and
escape mechanism genes which can be identified and transferred to other Solanum species in
induce drought tolerance in those species. Therefore, this study provides breeders with
information concerning the most probable source of drought tolerance genes as well as the most
appropriate stage for screening for drought tolerance. This study also provides farmers with
alternative crops to grow during the drought seasons since consumers of Gilo and in most cases
the same consumers of Shum.
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