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Abstract: A Field experiment was conducted for two seasons (2015/16
and 2016/17) at Gezira Research Station Farm (GRSF) to determine the
optimum timing of the last irrigation for the newly released BT. cotton
(Seenil) along with non BT. cotton (Hamid) on the basis of scheduling
irrigation approach. The experiment was executed in a split plot design
with the two cotton cultivars comprising the main-plots and eight timings
of last irrigation as sub-plots. All treatments were replicated three times.
Delay of final irrigation significantly increased number of sympodia per
plant and plant height. Irrespective of cotton cultivar, 27 WAS recorded
the highest number of bolls/plant in both seasons. Cotton yield, water
productivity and fiber quality were highly affected by irrigation
treatments. Delay of final irrigation up to 21 WAS resulted in higher crop
and water productivities. Moreover, delaying the last irrigation after 21
weeks showed no improvement in cotton fiber quality. These results
indicate that excessive irrigation might not produce more yield or improve
cotton quality.

Key words: Irrigation interval, Last irrigation, Water productivity, Cotton
fiber quality.

INTRODUCTION

Water availability is generally the most important natural factor limiting
expansion and development of agriculture in arid and semi-arid regions.
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There is great need for judicious use of river water through a better
understanding of the crop yield-water application interaction. This
includes efforts to improve crop water use efficiency by changing
irrigation methods, applied amounts (deficit irrigation), crops, tillage
practices, and other management methods (Aujla et al. 2006; Buttar et al.
2006; Ibragimov et al. 2007).

Cotton (Gossypium hirsutum L.) is the major fiber crop in the Sudan. Due
to crop intensification in Gezira Scheme after the adoption of the new Act
of 2005, water became the major limiting factor for crop production. With
increasing concern about water shortage with regard to summer season’s
crops in the Gezira there is a renewed interest in increasing the water use
efficiency in cotton. Sowing of cotton, in the Gezira, is recommended
from the beginning of July, which coincides with the onset of rainy
season. During this period irrigation is supplementary to meet the crop
water requirement. According to sowing date, harvesting of cotton starts
in early December and continues until middle of March; irrigation water
is available to farmers at two weeks intervals.

Many researchers proved that cotton yields can actually be reduced by
application of excessive water (Jackson and Tilt, 1968; Grimes et al.
1969; Letey and Dinar, 1986; Grimes, 1994; Wanjura et al. 2002; Karam
et al. 2006;). In the Sudan, previous work on Barac (67) B showed that
terminating irrigation after 8 — 14 applications did not result in a
significant yield reduction, however, for quality reasons irrigation water
could be terminated after 10 irrigations without affecting adversely the
yield or quality (Farah et al. 1986). On the other hand, water stress
during the late stages of growth reduces cotton yield which can be
attributed to reduction in net CO, assimilation and abscission of almost all
young bolls (Grimes et al. 1970; Faver et al., 1996). Therefore, this study
was conducted to determine the timing of last irrigation and its effects on
growth, yield, fiber quality characteristics and water use efficiency of
cotton grown on heavy clay soils of Gezira Scheme, Sudan.
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MATERIALS AND METHODS

This study was conducted for two seasons (2015/2016 — 2016/2017) in
the Gezira Research Station Farm (GRSF) at Wad Medani. The main
objective was to evaluate the effect of different timings of the last
irrigation on growth attributes, yield, yield components, fiber quality and
water productivity of Bt. and non-Bt. cotton cultivars under Gezira State
conditions. Treatments were combination of two cotton cultivars (Seenil
and Hamid) and eight timings of last irrigation. The first irrigation
treatment was started 13 weeks after sowing (WAS), then every two
weeks. Split plot design was used with three replications. Cultivars were
assigned to the main plot while irrigation treatments as sub plot. The sub
plot size was 57.6m? (4.8 x 12m).

Sowing was carried-out on the third week of July by hand on ridges 80cm
apart and intra-row spacing of 30cm between holes within the ridges.
Seedlings were thinned to 2 plants/hole four weeks after sowing. Nitrogen
fertilizer in the form of urea at the rate of 186 kg/ha was applied 6 weeks
after planting. Herbicides (Pendimethalin + Diuron) at the rate of 0.6 +
0.2 kg ai/fed were applied before sowing then the experimental plots were
hand weeded four times during the growing season.

Plant height (cm) was measured for five plants randomly selected in each
plot at harvest stage. Number of bolls and number of symbodial branches
were recorded for five plants sample. Boll weight (g) and ginning out turn
(%) were determined for ten bolls randomly taken from each plot prior to
harvest. Seed cotton yields were taken from a net area of four central
ridges (3.2m) at distance of 12.0m (38.4 n?) in each plot. The harvested
cotton was weighed for seed cotton and lint yield (kg/ha) in each plot.
Main fiber quality parameters, such as length, strength and micronaire
(Mic.) were carried out by the cotton fiber testing laboratory of ARC
according to international standards.

Total applied water (TAW) is the gross irrigation plus rainfall received
during the growing season. Irrigation water applied was measured using
water flow meter (BFMO01 model). For computation of water
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productivity (WP), seed cotton yields per hectare in different treatments
were divided by the respective total applied water and expressed as kg/m°.
Data collected were subjected to the statistical split plot analysis of
variance (Mstatc). Levels of significance at 0.05, 0.01 and 0.001
probabilities for the main factors (cultivar and irrigation treatments) and
their interactions responses were calculated. Significantly different means
were separated by the Duncan’s Multiple Range Test (DMRT) for
significance at the 0.05 level of probability.

RESULTS AND DISCUSSION

Plant height and number of sympodia/plant

Effect of timing of last irrigation on plant height (cm) and number of
sympodia/plant of BT. and non-BT. cotton cultivars are presented in
Table 1. Plant height (cm) was significantly affected by cultivar and time
of last irrigation.

Cultivar Hamid significantly recorded taller plants when the last irrigation
was delayed to 27 WAS compared to the other treatments, but this
increase was significant only during the first season (2015/16). Time of
last irrigation had significant effect on number of sympodia, while the
cultivar and the interaction had no significant effect.lrrespective of
cultivar, the first and second last irrigation treatments (13 and 15 WAS)
showed lower number of sympodia/plant compared to the other
treatments. Similar to plant height, there was an increase in number of
sympodia/plant with the delay in last irrigation.

Yield components

Yield components (number of bolls/plant, boll weight and GOT%) as
affected by cultivar and timing of last irrigation are presented in Table 2.
No interaction effects were observed in means of irrigation treatments and
cultivars. BT. cotton had significantly (P < 0.01) higher values of ginning
out turn (GOT%) compared to non BT. cotton in both seasons (Table 2).
Similarly timing of last irrigation had significantly affected number of
bolls/plant in both seasons. No significant responses were observed
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among irrigation treatments and cultivars for both GOT% and boll
weight.

Table 1. Effect of timing of last irrigation on growth parameters of BT
and non BT. cotton during 2015/16 and 2016/17 seasons.

Factor | Plant No of Plant No of Plant No of
height | sympodia | height | sympodia | height | sympodia
(cm) Iplant (cm) Iplant (cm) Iplant
2015/16 2016/17 Combined
Timing of last irrigation (WAS)
13 78 9.7 79 10.5 79 10.1
15 83 10.0 84 11.7 84 10.9
17 85 11.0 87 12.3 86 11.7
19 85 12.2 94 13.4 90 12.8
21 92 12.0 90 12.8 91 12.4
23 89 11.7 90 13.6 90 12.7
25 89 12.3 91 13.8 90 13.1
27 102 11.8 93 14.0 98 13.0
SE+ | 1.54 0.54 1.82 0.73 2.2 0.8
L S **k*x ** **k*x **k*x **k*x **
Cultivar
Hamid | 94 11.2 91 13.2 93 12.2
Seenil 81 11.5 86 12.4 84 12.0
SE+ | 1.01 0.43 2.91 0.63 2.8 3.0
L.S. ** NS NS NS NS NS
CV% 4.3 11.7 5.0 12.2 6.5 12.5

L.S. = level of significance: **, *** = significant at p< 0.01 and 0.001
levels, respectively. NS= not significant.

Crop and water productivities

The crop and water productivities associated with the different timings of
last irrigation are presented in Table 3. Timing of last irrigation had
significantly (p<0.001) affected seed cotton yield and lint cotton yield (p<
0.01). However, with respect to cultivar, the first and second irrigation
treatments (13 and 15 DAS) showed lower seed cotton yield (kg/ha) and
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lint yield (kg/ha) than the other treatments, while delaying the last
irrigation to 27 WAS significantly increased seed cotton yield, but this
increase was significant only during the second season (2016/17). The
results contradicted with those obtained by Farah et al. (1981). Who
reported that no differences were observed when the irrigation was
stopped after 8-14 irrigations on Barac 67 (B).

Table 2. Effect of timing of last irrigation on yield components of BT. and
non BT. cotton during 2015/16 and 2016/17 seasons.

Factor | No. Boll GOT | No. Boll GOT | No. Boll | GOT
of | weight | (%) of | weight | (%) of | weight | (%)
bolls/ | (q) bolls/ | (q) bolls/ | ©
plant plant plant
2015/16 2016/17 Combine
Timing of last irrigation (WAS)
13 8.1 4.8 38 9 4.6 36 8.6 | 46 | 37
15 8.4 4.2 38 10 4.6 37 72 | 44 | 38
17 1113 | 43 37 10 4.8 38 | 107 | 46 | 38
19 1101 | 46 36 11 4.9 38 | 106 | 47 | 37
21 [ 110 43 38 10 4.6 38 | 105 | 45 | 38
23 11.2 4.6 38 11 4.7 37 111 47 | 38
25 10.5 4.5 38 10 4.7 37 103 | 46 | 38
27 14.4 4.7 37 11 4.6 38 127 |1 47 | 38
SE+ | 039 ] 021 | 085 | 053] 042 | 064 | 065] 05 109
LS. | *** NS NS * NS NS fadad NS | NS
Cultivar
Ham | 10.0 | 4.6 34 10 4.6 34 | 100 1| 46 | 34
Seen | 11.3 4.3 41 10 4.7 41 10.7 | 45 | 41
SE+ | 029 | 0.07 | 038 | 089 | 019 | 034 | 090 | 02 |04
L.S NS NS fadad NS NS fadad NS | NS | **
(OAYA 8.9 11.5 5.6 129 | 109 4.2 1151118165
L.S. = level of significance: *,**, *** = significant at p< 0.05, 0.01 and

0.001 levels, respectively. NS= not significant.

Table 3 showed that WP was significantly affected by irrigation treatment

(p< 0.001) and no interactions effects were observed. Irrespective of

timing of last irrigation, the two cultivars gave similar values of WP (0.59

kg/m® and 0.58 kg/m® for Hamid and Seenil, respectively) during both

seasons. This could be due to the similar amount of water that was
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consumed by each cultivar (4305 and 4342 m®/ha, respectively). It is also
clear from Table 3 that timing of last irrigation offers beneficial effects to
water productivity. During the first season, the three irrigation treatments
(15, 17 and 19 WAS) significantly scored higher WP (0.63, 0.65 and 0.66
kg/m®, respectively) compared to the last three irrigation treatments (23,
25 and 27 WAS) which gave 0.56, 0.52 and 0.52 kg/m®, respectively.

Table 3. Effect of timing of last irrigation on yield and irrigation water
productivity (WPi.) of BT. and non BT. cotton during 2015/16 and

2016/17 seasons.
Factor | Seed Lint WP, Seed Lint WP,
yield yield | (kg/m®) yield yield | (kg/m®)
(kg/ha) | (kg/ha) (kg/ha) (kg/ha)
2015/16 2016/17
Timing of last irrigation (WAS)
13 1669 634 0.59 1748 629 0.57
15 1776 675 0.63 1793 663 0.56
17 2021 748 0.66 1857 706 0.55
19 2031 731 0.65 2453 932 0.71
21 2155 819 0.58 2267 861 0.64
23 2252 855 0.56 2308 854 0.59
25 2212 840 0.52 2320 858 0.57
27 2405 890 0.52 2071 787 0.49
SEsi 77.2 30.0 0.021 127.2 54.0 0.035
L ***k ***k *** ** ** **
Cultivar
Hamid | 2105 716 0.60 2087 710 0.59
Seenil | 2026 831 0.58 2117 868 0.58
SE+ 59.6 25.0 0.011 51.7 21.0 0.019
L.S. NS ** NS NS ** NS
CV% 9.2 10.4 9.4 14.8 12.5 9.4

L.S. = level of significance: **, *** = significant at p< 0.01 and 0.001

levels, respectively. NS= not significant.

The increased WP of 15 WAS treatment resulted from decreasing water
amount rather than from increasing yield. However, for 17 and 19 WAS
irrigation treatments, higher values of WP could be attributed to both
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decreasing irrigation water amount and increasing seed cotton yield as
shown in Table 3. On the other hand, no differences were observed
among the treatments 13, 15, 19 and 21 WAS which gave 0.59, 0.63, 0.65
and 0.58 kg/m®, respectively. The lowest WP values were obtained when
the last irrigation was delayed beyond 23 WAS.

During the second season, treatment 19 WAS obtained significantly
higher WP (0.71 kg/m®) compared to other irrigation treatments.
However, no differences were observed between 19 and 21 WAS which
gave 0.64 kg/m®. The higher WP achieved by 19 and 21 WAS was due to
higher yield (2031 and 2155 kg/ha, respectively). Although the last three
irrigation treatments (23, 25 and 27 WAS) produced similar yield
compared to 19 WAS, the former treatments significantly gave lower WP
which could be due to higher irrigation water consumed by these
treatments.

Table 4. The combined analysis of timing of last irrigation on yield and
irrigation water productivity (WPi.) of BT and non BT. cotton.

Factor Seed yield Lint yield | WPy, (kg/m®)
(kg/ha) (kg/ha)
Timing of last irrigation (WAS)
13 1709 632 0.60
15 1785 669 0.62
17 1939 727 0.62
19 2242 832 0.58
21 2211 840 0.53
23 2280 855 0.50
25 2266 849 0.45
27 2238 839 0.45
SE+ 135.0 57.0 0.02
LS **k* **k* **k*
Cultivar
Hamid 2096 713 0.56
Seenil 2072 850 0.53
SE+ 62.6 31.5 0.01
L.S. NS kel **
CV% 10.2 12.7 9.2

L.S. = level of significance: **, *** = significant at p< 0.01 and 0.001
levels, respectively. NS= not significant.
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Cotton quality parameters

The main quality parameters such as length, strength and micronaire
(Mic.) for BT cotton (Seenil) and non BT. Cotton (Hamid) are presented
in Table 5. The quality parameters (length and strength) showed almost
the same result for both cotton varieties, because it is genetically
controlled. Micronaire values were not clearly affected for the non BT.
variety (Hamid). On the other hand, low micronaire values compared to
standard were indicated for the BT. variety (seenil). Therefore, irrigation
of BT cotton after 21 weeks had no effect on quality improvement as
indicated by the low micronaire value (second pick) as compared to the
variety standard.

Table 5. Fiber characteristics of BT. and non BT. cotton varieties (First
and Second pick) as affected by timing of last irrigation at Gezira
Research Station Farm during 2015/16.

Irrigation Pick 1 Pick 2
Length(mm) | Mic. | Strength | Length(mm) | Mic. | Strength
g/tex g/tex
Hamid

13-15 29 5.0 31 27 5.0 28

17-19 30 5.1 32 28 5.0 28

21-23 31 5.0 29 29 5.1 29

25-27 31 5.1 31 29 5.0 29
Seeni-1

13-15 30 4.9 30 29 4.5 31

17-19 30 4.9 29 29 4.6 30

21-23 30 5.3 29 28 4.0 27

25-27 30 5.2 30 28 4.4 27

It can be summarized that cotton yield was significantly affected by the
time of the final irrigation (Fig. 1). The yield from the treatments was
significantly different at P<0.01 level. There were significant yield
reductions in the first (13WAS) and second (15WAS) irrigation
treatments, the third irrigation treatment (17WAS) was slightly higher
than 13 and 15WAS by 12 and 8%, respectively. The other five irrigation
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treatments (19, 21, 23, 25 and 27WAS) gave similar seed cotton yield that
ranged between 2211 and 2280 kg/ha.
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Fig. 1. Evolution of seed cotton yield during the two growing seasons

(combined)

The plotting of seed cotton yield against plant height, number of bolls per
plant and number of symbodia per plant (Fig. 2) showed strong positive
and linear correlation between cotton yield and plant height (R*= 0.72)
and between cotton yield and number of symbodia per plant (R’= 0.95)
which in turn depends on optimum plant height.

2500

2000

1500

Seed cotton yield (kg/ha)

1000
8

Create PDF files without this message by purchasing novaPDF printer (http://www.novapdf.com)

y=110.07x + 959.7

R>=0.598

10 12 14

No. of bolls/Plant

S7

(@)


http://www.novapdf.com
http://www.novapdf.com

2500

(b)

% | ]
< B
3 2000
© y =35.705x - 1076.1
>
o R*=0.724
Q [ |
B
Q
3 1500
(3]
5]

L —————

) 100 120
Plant height (cm)
2500
()

g o
< N
3 2000
2
>
g n
= y = 210.05x - 455.26
5] 2 _
< 1500k R*=0.95
[}
Q
7]

1000 | N 1 N 1 N 1 N

10 12 14

No. of sympodia/Plant

Fig. 2. Relationship of seed cotton yield with (a) number of bolls per
plant, (b) plant height and (c) number of symbodia per plant.

SUMMARY AND CONCLUSION

Based on the results achieved during the two consecutive seasons
(2015/16 and 2016/17) under GRSF, the maximum seed cotton yield
associated with higher water productivity can be achieved when the
irrigation is terminated at 21 weeks, as no improvements were observed in

quality beyond this period (21WAS).
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