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Abstract: Given the many options that agriculture offers for the mitigation of rainfall inadequacy, a dry year should not mean that the
farmers will harvest nothing. However, crop production under limited water requires careful juggling with all the available resources. One
of such resources that call for careful decision making under those circumstances is the genotype to be grown. This study investigated the
response of two maize varieties (DUMA 43 and KDV?2) to regulated deficit irrigation (RDI) treatments in the Kenayan dry areas. The study
consisted of fields experiments at Marimanti in Tharaka Nithi county and Isiolo in Isiolo county. Two regulated deficit irrigation treatments
(deficit irrigation except during exponential growth stage (DIE) and deficit irrigation except during the reproductive stage (DIR)) were
compared to two controls (full irrigation throughout the season (FI) and deficit irrigation throughout the season (DI)). The experimental
design was RCBD replicated three times. Growth parameters measured were plant height from the ground to the flag leaf and plant diameter
measured every 15 days from 30 days after sowing while yield indicators used were stand count, number of productive plants per plot, ear
diameter and length, above ground biomass, grain yield, and harvest index. The data collected was summarized in MS Excel and analyzed
using SPSS version 22 for ANOVA and post-hoc tests at a = 5%. DUMA 43 gave significantly higher average yield (2379.45 kg/ha) than
KDV 2 (2117.59 kg/ha) and significantly higher values for ear diameter under DIE and FI; ear height under DI; above ground biomass
under DIE, DIR, and FI; and harvest index under FI. However, DUMA 43 produced both the lowest water productivity (0.3137 kg/m®under
DI) and the highest water productivity (0.5510 kg/m® under DIE). The study concluded that RDI increases water productivity and DIE was
recommended as a viable practice when water for irrigation is limited, especially when a variety of medium yield potential like DUMA 43 is
grown.
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compared to treatments where 100% of the water required
was applied to reach field capacity. On the other hand,
regulated deficit irrigation (RDI) takes deficit irrigation a
notch higher by supplying adequate amount of water to meet

1. Introduction

Maize is a staple food grain of such importance in Kenya that
the National Government does everything possible to ensure
that its supply is adequate. To bridge occasional deficits,

Kenya has traditionally imported grains from Uganda and
Tanzania, but the year 2017 has become an eye opener as
those two neighbours restricted export because they too did
not have enough supplies having had a poor harvest the
previous season” (Andae, 2017). It is imperative for the
Kenyan farmers to be brought to the realization that they
need to invest in strategies which can mitigate insufficiency
of rainfall and allow them to have some harvest even when
rainfalls are not enough. Liniger (1988, cited in Gicheru,
Gachene, & Mbuvi, 2005) argues that whereas most of the
soils in marginal rainfall areas of Kenya have high potential
for agriculture, low soil water constitutes a major limiting
factor for crop production. Irrigation is one of the
technologies that offer an alternative way of supplying water
to the crops when rains cannot meet the demand. However,
the high competition among water — use sectors makes the
percentage of water allocated to agriculture for irrigation
limited and the situation is expected to become even worse as
the world population continues to grow (Ghane,
Mostafazadeh, Feizi, & Landi, 2011). For this reason,
irrigation in view of meeting the full water requirements
becomes a challenge as water is in limited supply. This is
why researchers such as Unlu, Kanber, Koc, Tekin, & Kapur
(2011) recommended 50% deficit irrigation as giving
significantly higher water use efficiency and harvest index

evaporative demand during the most sensitive stages of the
crops thus producing almost the same yields with less water
(Cosgrove & Rijsberman, 2000; Du, Kang, Sun, Zhang, &
Zhang, 2010). Drought tolerance is another approach
supposed to make it possible to grow crops in areas with
inadequate rainfall. However, drought tolerance varies
considerably from one genotype to another (Fischer,
Johnson, & Edmeades, 1981) and the most drought tolerant
varieties do not necessarily give high yields under adequate
water supply. For that reason, RDI requires precise
knowledge of each genotype’s response to drought and to
water increased water supply. Unfortunately, there is no
information on the response of local maize varieties when
they are grown under RDI. This study generated information
on how two local maize varieties perform under regulated
deficit irrigation in dryland conditions. The study proved that
compared to a drought resistant variety, maize yields and
water productivity in arid and semi-arid areas increase when
a drought tolerant maize variety of medium yield potential is
grown under regulated deficit irrigation. It is our hope that its
findings will be useful to those guiding farmers on how to
practice crop production with limited water supply.
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2.Materials and Methods

2.1 Site description

2.1.1 Location

Two field experiments were conducted at Marimanti Rural
Training Center located on a latitude of 0°9’ S, a longitude of
37°54" E and an altitude of about 845 m above sea level
(absl), and at Isiolo Maili Saba on a farm located on a
latitude of 0°16' N, a longitude of 37°33" E, and an altitude
of about 1120 m absl.

2.1.2 Climatology

Both Marimanti and Isiolo receive an average annual rainfall
of about 850 mm, which is bimodal in distribution, average
temperature of 16 to 35°C. The experiments at Isiolo and
Marimanti were carried out under rain — fed conditions with
irrigation as a supplemental measure during the short rainy
season of October, 2016 to February, 2017. The total
amounts of rainfall recorded at Marimanti and Isiolo during
the experiment were 212.7 and 209.4 mm, respectively.

2.1.3 Soils

The soil type of the Marimanti site was sandy loam, while the
Isiolo site had clay loam type of soil. Soil analysis for both
sites was done and the suggested corrective measures were
used to determine the inorganic fertilizers to use as basal
fertilizer applied at planting and as top-dressing fertilizer
applied in two splits at 21 and at 45 days after sowing (DAS).

2.2 Treatments and treatment combination

Four regulated deficit irrigation treatments were used: (i) full
irrigation during the first 30 days after sowing followed by
deficit irrigation throughout the season with only 50% of the
required amount (DI); (ii) full irrigation until after the end of
the exponential growth stage and then 50% deficit irrigation
(DIE); (iii) full irrigation during the first 30 days after sowing
followed by 50% deficit irrigation during growth stage and
full irrigation from tasseling to grain filling (DIR); and (iv)
Full Irrigation throughout the season (FI). A drought tolerant
variety of medium yield potential (DUMA 43) was compared
to a drought resistant variety (KDV 2).

2.3 Experimental procedure

Each experimental site consisted of three blocks divided into
eight plots each, while the plots were sub-divided into four
sub-plots each. Primary and secondary cultivation were done
manually and different treatments were assigned to the split
plots. Two seeds were planted per hill, and thinning was later
done leaving one plant per hill to obtain a uniform plant
population. Penman-Monteith method was used for the
calculation of the reference evapo-transpiration from long
term averages of climatic data from CLIMWAT. Fertilization
and weed control were done as per agronomic requirements.

2.4 Data analysis

The data collected were summarized in MS Excel then
analyzed using SPSS (version 22). Analysis of Variance
(ANOVA) was conducted to determine if there were
significant differences between the treatment means at
a=0.05 followed by post hoc tests where necessary.
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3.Results and Discussion
3.1 Effect of regulated deficit irrigation

3.1.1. Effect of regulated deficit irrigation on growth
Plant diameter and plant height were measured from the 30
days after sowing and the data obtained was subjected to the
F-test to check for significant differences and thereafter a
post-hoc analysis was done to compare the treatments means,
the summary in Table 1 was obtained.

Table 1: Comparison of the effect of deficit irrigation
treatments on growth components

Plant diameter Plant height
Trr. (co) (om)
Treat 30 45 60 75 20 45 60 75
- DAS DAS DAS DAS DAS | 30DAS DAS DAS DAS 90 DAS
DI 1.568a |(1.650a | 1.744a | 1.829a | 1.85%9a | 34.50a T454a | 107442 | 124.04a | 126.20a
DIR | 1551a |1652a | 1.771a | 1.863a | 1.883a | 34.60a 73.49a | 104.94a | 123.40a | 125.86a
DIE | 1.58%a [ 1.762b | 1.938b | 2.009b | 2.027b | 34.88a 78.58b | 116.24b | 135.15b | 138.53b
FI 1581a | 1.827c | 2.080c |2170c | 2206c | 3447a 80.45b | 120.55¢ | 142.80c | 148.02¢c

Means in the same column with the same letter are not significantly different (p > 0.05)

It can be found from the results in Table 1 that irrigation
treatments had a significant effect with plots under FI
producing significantly bigger and taller plants while plants
in plots under DI and those under DIR producing the thinnest
and the shortest plants. On the other hand, plants under DIE
did not show any significant difference from the ones under
full irrigation at until 60 days after sowing but they were
significantly smaller and shorted than the ones under full
irrigation at 90 days after sowing though significantly bigger
and taller than plants in other plots under deficit irrigation.

3.1.2 Effect of regulated deficit irrigation on yields

The effect of deficit irrigation treatments on yields was
analyzed using yield indicators which were observed at
harvest and a summary of the results after ANOVA and Post-
hoc analysis is given in Table 2.

Table 2: Post-hoc analysis results for the effect of RDI on
yield indicators

Irrig | Stand | Number of Ear Ear height
Treat| count | Productive | diameter (cm)
plants (cm)
33.44a 4112a
33.90ab 4021a
DIR |352la| 33.96ab 4003 a 14880 151.18b 69.93b 2372.3b
FI |3525a| 34.54b 3923a | 17.14¢ | 20295¢c | 8729 | 30195¢
Means in the same column with the same letter are not significantly different (p > 0.05).

Above
ground
‘biomass (g) [€3]
131.71a 39.69a
154.02b 66.94b

Harvest
index

Grain yield Total grain|
per plant yield
(kgha)

1323 .7a

2278.6b

DI |3567a
DIE |3529a

13.03a
14.44b

03111a
04415 be

0.4665¢

0.4342b

The results in Table 2 show that FI recorded significantly
higher values for ear height, above ground biomass and grain
yield while regulated deficit irrigation treatments (DIE and
DIR) performed the same as full irrigation or even better for
stand count, number of productive plants, ear diameter and
harvest index. These results are consistent with
recommendations made by Kamana, Kirdab, and Sesverenc
(2010) who recommended deficit irrigation practices to
prevent drastic crop yield reductions in regions of high
recurrent water scarcity.

3.1.3 Effect of regulated deficit irrigation on water
productivity
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The effect of regulated deficit irrigation on water
productivity was evaluated in the two open field experiments.
The results obtained are represented in Table 3.

Table 3: Effect of irrigation treatments on water productivity

frrigation treatments Irrigation water productivity
DI 0.3693a
FI 0.4828b
DIR 0.4987b
DIE 0.5082b

Means in the same column with the same letter are not significantly different (p > 0.05).

The results in Table 3 show that DIE had the highest water
productivity and it was followed by DIR. DI had the lowest
water productivity. These results are in agreement with the
findings of Sani, Oluwasemire, & Mohammed (2008) who
state that crops irrigated with full irrigation tend to use more
water; and they tend to grow luxuriantly due to the
abundance of soil moisture.

3.2 Performance of the two maize varieties

3.2.1 Growth of the two varieties

The mean plant diameter and plant height at 30, 60 and 90
days after sowing were recorded and the results are given in
Figure 1.

Plant height (cm)
s 54838385858 %

Stage (DAS)

Figure 1: Plant diameter and plant height at different stages
for each variety

Plant height increased with the age of the crop, but there does
not seem to be any difference between the diameters or
heights of the two varieties. The group means were tested for
difference using the t-test for independent samples and the
results showed that there was no significant difference as the
p values were all greater than 0.05. This means that in case
differences between the vyields of the two varieties are
detected, they did not come from a difference in plant size.
3.2.2 Yields of the two varieties

The yield indicators for the two varieties were recorded after
harvest and the t-test for independent samples was used to
find out which of the group means were significantly
different. The results are presented in Table 4.

Table 4: Effect of variety on grain yield and yield
parameters

F 1JARP

. stand | fOf | Ear height| agp | O | GrAD g s
Variety count Productive |diameter (cm) ® yield yield index
plants | (cm) (g/plant) | (kgha)
KDV 2 3529a (34.02a 3.853a |14.850a |154.89a |62.15a |2117.59a |04107a
DUMA 43 |3542a |33.90a 4.177b |14896a |165.04a |69.77b (2379.45b (0.4159a
p value 0.527 10.729 0000 |0915 0.075 0010 [0.015 0.692

Means in the same column with the same letter are not significantly different (p > 0.05).

The results in Table 4 show that compared to KDV 2,
DUMA 43 had significantly higher performance for ear
diameter, weight of 100 grains, grain yield per plant, and
total grain yield. The two varieties did not show any
significant difference for stand count, number of productive
plants per plot, ear height, above ground biomass, and
harvest index. Above ground biomass and harvest index are
among the factors which were not significantly affected by
the variety grown and that means that the effect detected for
those other factors were indeed due to the factors applied and
not due to the genetic make-up.

3.2.3 Water productivity for the two varieties

Water productivity for the two varieties was calculated as the
ratio of grain yield to amount of water used for the entire
growing season and the the means were subjected to t-test for
independent samples. The results proved that with water
productivity of 0.4849 kg/m® and a p value of 0.013, DUMA
43 had significantly higher water productivity than KDV 2
which had a value of water productivity equal to 0.4446
kg/m®. It should be noted however, that the values of water
productivity obtained in this study are very low compared to
values reported by other researchers such as Rogers, Aguilar,
Kisekka, Barnes, and Lamm (2015) who obtained an average
value equivalent to 1.11 kg/m®in the USA.

3.3 Variety Response to Irrigation Treatments

3.3.1 Variety growth response to irrigation treatments

To evaluate how the two varieties responded to irrigation
treatments, F-test was used and it was found that the p-
values were less than 0.05 for a number of parameters. The
response of each variety to the different irrigation treatments
was further investigated by comparing the group means using
Duncan multiple range test (DMRT) and the results are
summarized in Table 5.

Table 5: Comparison of the growth of the two varieties
under different irrigation treatments

Combin ‘l"ljant dmn::]'rer (em) - - Plant h:lght (cm) -
ation
30 DAS DAS DAS 75 DAS DAS DAS 45 DAS DAS 75 DAS DAS

[72.60ab [104.7a
[76.48bc [110.1a
[775% [116.3b
[7957¢ [1162b
[7328ab [105.0a
[73.71ab (104.9a

1536ab [1645ab 1.710a [1.782a [L.803a [34.48a
1.600bc  |1.655ab [1.778a |1.876ab [L.915ab [34.53a
1.595bc  |1.798d [1.969b [2.051cd [2.063cd 34.87a
1.577abe |1.726¢ [1.906b |1.966be [1.992bc [34.89a
[V1+DIR | 1.568abc |1.701bc [1.802a |1.892ab [1.883ab [34.50a
[V2+DIR | 1.534a 1.602a [1.739a |[1.835a [L.883ab [34.70a
[V1+F1 1.556abc |1.817d [2.061c [2.1554de[2.172de 33.89a [77.63c [1176b [1414d |1414c
[V2+F1 1.605¢c 1837d [2.099c [2.1850e [2240e [(3505a [8327d [1235¢ (1442d [154.7d
Means in the same column with the same letter are not significantly different (p > 0.05).

1237a [1237a
1244a [128.7ab
137.7cd [137.7be
132.6bc [139.4¢
127.0ab [127.1a
119.7a [124.7a

[V1+DI
[V2+DI
[V1+DIE
[V2+DIE

Key:
Vi: KDV 2
V2: DUMA 43

Volume 1 Issue 4, Oct 2017

WWW.ijarp.org




International Journal of Advanced Research and Publications

ISSN: 2456-9992

The results in Table 5 show that there was no significant
difference between the mean diameters or mean heights of
the two varieties under the same irrigation treatments except
DUMA 43 which gave significantly taller plants under full
irrigation.

3.3.2 Variety yield response to irrigation treatments

The analysis of response of the two varieties to irrigation
treatments was done by checking for significant differences
using the F-test and DMRT where differences were expected
and the results obtained are summarized in Table 6. The
results in Table 6 show that compared to KDV 2, DUMA 43
had significantly higher values for ear diameter under DIg
and FI; ear height under DI; above ground biomass under
Dlg, Dlg, and FI; and harvest index under Fl. On the other
hand, KDV 2 performed significantly better than DUMA 43
for above ground biomass under DI; grain weight per plant
under DI; and total grain yield under DI.

Table 6: Comparison of yield parameters for the two
varieties under different irrigation treatments

Above ‘Grain Total

Treatme | Stand Producti - EBar E.M ground | weight grain Harvest
ve height | = A N
ot count perplant | yields index
plants (cm) (cm) ® ® (kg/ha)
V1+DI 35.67a 33.50a 3.968ab | 12.097a | 155.08c | 45.92b 1525.8b | 0.2994a
V2+DI 35.67a 33.38a 4.256¢ 13.97b 108.34a | 33.45a 1121.5a | 0.3228a
VI+DIE | 35.12a 33.92a 3.851ab | 14.45b 138.00b | 61.32¢ 2087.5¢ | 0.4517c¢d
V2+DIE | 35.46a 33.88a 4.191¢ 14.43b 170.05d | 72.56d 2469.7d | 0.4313bc
VI+DIR | 35.29a 34.17a 3.852ab | 14.95bc | 137.28b | 65.08c 2220.3c | 0.4790d
V2+DIR | 35.13a 33.75a 4.155bc | 14.80bc | 165.07cd| 74.78d 2524.3d | 0.4540c
VI1+F1 35.08a 34.50a 3.740a 17.91d 189.18e | 76.29d 2636.7d | 0.4128¢c
V2+F1 35.42a 34.58a 4.106bc | 16.38¢c 216.71f | 98.306e | 3402.3e | 0.4556d

Means in the same column with the same letter are not significantly different (p > 0.05).

Key:
Vi: KDV 2
V2: DUMA 43

The results in Table 6 give a clear indication that under strict
deficit irrigation, a drought resistant should be given priority
over a medium vyield potential variety whose drought
resistance is not as high. It can also be seen that above
ground biomass was more affected by the variety effect than
by the irrigation treatments, with DUMA 43 producing more
biomass for almost all irrigation treatments. However, the
above ground biomass for DUMA 43 decreased significantly
under deficit irrigation. This confirms that high yielding
varieties are not the best under conditions where water stress
is expected since they are expected to perform poorly
compared to lower potential varieties selected to withstand
harsh conditions. These results confirm the findings made by
Galavi and Moghaddam (2012) who reported that interaction
between deficit irrigation treatments and different wheat
varieties were found to have significantly affected grain
yield.

3.3.3 Variety effect on water productivity under different
irrigation treatments

The variety effect on water productivity under different
irrigation treatments was also examined using F-test
(ANOVA) which showed that the variety response to
irrigation treatments was significant since it has a p-value of
less than 0.05. Duncan multiple range test was performed and
the results summarized in Table 7.

¥ 1JARP

Table 7: Comparison of the water productivity for the two
varieties under different irrigation treatments

Interaction irrigation-Variety Water productivity
V2+DI 0.313732a
VI+FI 0.421654b
V1+DI 0.424872b
VI1+DIE 0.465376b
V1+DIR 0.466619b
V2+DIR 0.530869¢
V2+FI 0.543985¢
V2+DIE 0.550992¢

Means in the same column with the same letter are not significantly different (p > 0.05)
Key:

Vi: KDV 2

V2: DUMA 43

=

The results in Table 7 show that DUMA 43 produced both
the lowest water productivity (under DI) and the highest
water productivity under DIR, FI and DIE. The results prove
that under deficit irrigation throughout the season, it would
be more useful to grow a drought tolerant variety such as
KDV 2 as it gives higher grain yields for the same amount of
water while a medium potential variety is a better investment
option when the farmer can afford to apply regulated deficit
irrigation.

4. Conclusions and Recommendations

4.1 Conclusions

The study has proved that: (i) Irrigation treatments affected
significantly maize growth, maize grain yields, and irrigation
water productivity with full irrigation giving the highest
results except water productivity which was higher under
regulated deficit irrigation; (ii) The variety grown had a
significant effect on plant growth and grain yield and water
productivity.

4.2 Recommendations

Based on the findings of the study, the following
recommendations are made for consideration in order to
make better use of the limited water supply available for
agriculture in arid and semi-arid areas: (i) Regulated deficit
irrigation is a viable practice under limited water supply with
just enough water available for deficit irrigation; (ii) It is
beneficial to combine regulated deficit irrigation with a
medium yield potential variety as the variety response affects
positively growth, yields and water productivity; (iii) Further
research is needed on the response of high yield potential
varieties to regulated deficit irrigation treatments.
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