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Abstract

This study investigated the water use efficiency and yield for the production of green ears of corn
subjected to irrigation with drip system and with potassium fertilizer levels in Sumé, Paraiba State,
Brazil. The experimental design was a randomized design with four replications in a split plot de-
sign with six water slides (0.25 ETcp, 0.50 ETcp, 0.75 ETcp, 1.00 ETcp, 1.25 ETcp and 1.50 ETcp)
and six doses of potassium (0, 20, 40, 60, 80 and 100 kg-ha-1). The maize hybrid AG 1051 was me-
chanically sown on 13/01/2012 and the spikes in the green stage (doughy grains) were harvested
67 days after planting. Water consumption for producing one ton of maize cobs in the slides 132,
264, 396, 528, 660, and 792 mm of water within all treatments of potassium fertilization increased,
indicating that the WUE decreases with the increasing amount of water applied via irrigation.
Therefore, it was observed that the water use efficiency average was 61.76 mm-t-1 (2.02 kg-m3), i.e.
for each m3 of water used 2.02 kg of ears of corn were produced with default. The application of
680.64 mm of water and 72.14 kg-ha-1 potassium maximized the yield of ears, resulting in the
maximum yield of ears of 10.82 t-ha-1.
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1. Introduction

Maize (Zea mays L.) is a major cereal produced in the world and the most cultivated in Brazil, practically the
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entire territory, however, there is a enormous contrast in productivity among different regions of the country,
due to the different climates and cultivation conditions to which culture is submitted. The cultivation of this ce-
real is well adapted to tropical and subtropical regions, however, [1] emphasized that the yield of corn in the
northeastern region is low, because of the predominance of production systems that use little or no technology
and there are usually, in this region, failure and irregular rainfall. Corroborating this idea [2] pointed out that the
failure or irregular distribution of rainfall is a major factor limiting agricultural production in Brazil, yet oc-
curred in recent years, a significant increase in the cultivation of maize under irrigation.

The dissemination of techniques for systematic production processes, with intensification of plantations prof-
itable cultivars is of fundamental importance, by virtue to optimize the use, in particular water and soil. Scien-
tists from all over the world look to the studies correlated to water use efficiency (WUE) which is an important
measure that shows the relationship between the unit dry matter produced and unit of water used. According to
[3] water use efficiency (WUE) is one of the ways to analyze the response of crops to different conditions of
water availability as it relates to the production of dry biomass or commercial production with the amount of
water applied evapotranspired or by culture. For EI-Hendawy [4] the water use efficiency through modern irri-
gation systems is increasingly important in arid and semi-arid regions with limited water resources.

The methods of using water efficiently, seeking increased crop yield with quantitative under water, and what
happens in well planned irrigation projects, are encouraged by many researchers in the world [5], considering
that nowadays water is a limiting factor of various human activities.

It signaled that the use of irrigation techniques coupled with management of soil fertilization, provides higher
economic returns in corn, although crops under irrigation should be planned for the greater financial return of
production and less impact on the environment, since there is great environmental damage for excessive use of
fertilizers [2] and excess water in irrigation.

Faced with the shortage of studies focused on the Brazilian semiarid region regarding irrigation management
in areas with limited water resources, this research aimed to evaluate the water use efficiency (WUE) in the
production of green corn spikes under conditions of Cariri Paraiba (subclima semiarid).

2. Materials and Methods

A field experiment was carried out in Sumé, Paraiba State, Brazil (36°52'48"W, 07°40'17"S; 532 m asl) on a Li-
tholic Neosol soil with 641.5 g-kg* clay, 271.0 g-kg * silt and 87.5 g-kg* sand. The climate of the region is dry
characterized by insufficient rainfall (monthly average in January, February and March 2012; 40.4 mm, 85.5
mm and 144.8 mm, respectively; however in this year there was no precipitation event) and high temperatures;
the average temperature is around 24°C [6].

Before sowing maize, the chemical properties of the surface layer (0 - 0.20 m) were determined according to
[7], i.e. organic matter (OM), 13.4 g-dm™%; pH (H,0) 7.63; P, 54 mg-dm>; K, Ca, Mg, and Na, 0.25; 10.6; 7.56
and 0.07 cmoldm™3, respectively.

The experiment was carried out in a randomized block design in a split-plot design with six water slides and
six amounts of potassium in four replications, totaling 144 experimental units arranged in an area of 2086.56 m?
(Table 1).

In plots of 8.4 x 10.4 m were placed slides of irrigation water determined based on crop potential evapotrans-
piration (ETcp) with levels: 0.25 ETcp, 0.50 ETcp, 0.75 ETcp, 1.00 ETcp, 1.25 ETcp and 1.50 ETcp. In 24 split
plots whose dimensions were 3.0 x 4.2 m (each split plots) were fertilized with different amounts of potassium
(0, 20, 40, 60, 80 and 100 kg-K-ha*, corresponding to Ko, K1, Ky, K3, K, and Ks, respectively).

The maize hybrid AG 1051 was mechanically sown on 13/01/ 2012 by planting in double rows of square ar-
rangement (three double rows in each split plots). In each planting hole were placed 3 seeds and after germina-
tion were kept 2 plants per hole to production. The distance between plants was 0.4 x 0.4 m and between irriga-
tion lines was 1.4 m with a population of 71,000 plants-ha *. Manual harvesting of spikes in the green stage
(doughy grains) occurred 67 days after planting.

According to the results of the soil chemical properties and fertilization recommendation for irrigated maize,
in the foundation were placed 66.67 kg-ha * of urea and 105.26 kg-ha* of super-simple phosphate and more
133.33 kg-ha ! of urea of covering [8]. The various doses of potassium followed the criterion of lower (0, 20,
kg-ha ') and higher (60, 80 and 100 kg-ha *) amounts of fertilizer recommendation (40 kg-ha*) considering that
this recommendation is designed for areas with very different soil and climatic characteristics of the area of this
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Table 1. Different treatments based on the water slides (mm) and potassium doses (kg-ha™).

evang'fr?scgjiilation Botassmi(Oiehay
(ETcp) Ko-0 K;-20 K2-40 K3-60 K,-80 Ks-100
W;-0.25 W1-K, W1-K, W1-K, W1-K; W1-K, W1-Ks
W,-0.50 W2-K, W2-K, W2-K, W2-Ks W2-K, W2-Ks
W;-0.75 W3-K, W3-K, W3-K, W3-K; W3-K, W3-Ks
W,-1.00 Wi4-K, Wi4-K, Wi4-K, Wi4-Ks Wi4-K, Wi4-Ks
W;-1.25 W5-K, W5-K, W5-K, W5-Kj W5-K, W5-Ks
W,-1.50 W6-K, W6-K, W6-K, W6-Ks W6-K, W6-Ks

research. The potassium fertilization was carried out in the foundation, where the product was used potassium
sulfate.

The irrigation system used was located with drippers. For estimation of local evaporation (EV) used the tank
USWB class A, surrounded by exposed soil (circle with radius of 1.0 m from the tank). Based on relative hu-
midity of air, lower than 40%, and the average wind speed, 2.55 m's *, considered moderate, was adopted a
coefficient of 0.65 Kt tank which, multiplying with evaporation tank (EV) resulting in potential evapotranspira-
tion value, mm-day * (ETo) [9]. To determine the potential evapotranspiration culture (ETcp), we used a lysime-
ter percolation of 4.50 m? and depth of 1.50 m. Dividing the value of potential evapotranspiration culture (ETcp)
by reference potential evapotranspiration value (ET,) obtains the value of the crop coefficient (Kc). This factor
is important in the calculation of replacement water slides corresponding to 25%, 50%, 75%, 100%, 125% and
150% of ETcp.

The spikes were harvested and weighed 62 days after germination. After weighing in the useful area of the
experimental plot (central double row of each split plots, measuring 3 m long and 0.4 m wide with area of 1.2
m?), it was made extrapolation to an area of one (1) hectare (ha), thereby obtaining the quantity, in tonnes per
hectare (t-ha™).

The water use efficiency (WUE) (kg-m) in the production of commercial spikes was calculated by dividing
the yield of commercial spikes (tha™) by the volume of water used or the water depth (in mm) for produce
spikes.

3. Results and Discussion

The average productivity of spikes, wherein the sources of variation were the amounts of water and potassium
are shown in Table 2.

The depth of water, the potassium and the interaction between the two factors influenced significantly the
yield of ears. The factors, individually, affecting the productivity of spikes at 1% probability, and the interaction
between water and potassium influenced this productivity at level of 5% statistical probability (Table 3).

The overall average of spikes that had diameters and lengths greater than 3 and 15 cm, respectively, was 7.7
t-ha . Overall 88% of the yield of ears satisfied the quality standards required by the brasilian market (i.e. spikes
that have length and diameter greater than 15 cm and 3 cm, respectively, [10]).

The W;K, combination resulted in the highest yield of ears (13.58 t-ha ) which exceeded the combination
WK, (2.08 t-ha ') at 6.53 times. This can be explained by the fact that the experiment be conducted in the field
with possible losses in the conduction of water from the station control until the treatments or even human fail-
ings in the management of irrigation which is acceptable.

In general averages within the quantitative potassium productivity ranged from 5.04 to 10.02 t-ha * in fertili-
zation with potassium of 0 and 80 kg-ha *, respectively. When the average yield of ears is analyzed within the
depth of water, productivity ranged from 4.72 to 10.26 t-ha * at water depths of 132 and 660 mm, respectively.
This is because excess water in larger and potassium doses impairing green corn production.

Studies by [11] obtained a yield of ears of 4.35 t-ha * under conditions of adequate irrigation and fertilizing.
Moraes [12] obtained a yield of ears of 6.36 t-ha * for cultivar AG 1051. Comparing data from this survey with
those of these authors, there is superiority in the means obtained in this experiment, which points to a gain in
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Table 2. Ears of green corn production (t-ha™) as a function of the doses of potassium and water slides.

Water slides Potassium (K), kg-ha*
ETcp (mm) m>ha? Ko-0 K;-20 K,-40 K3-60 K,-80 Ks-100 i
W, 132 1320 2.08 3.00 4.42 7.07 6.43 5.31 4.72
W, 264 2640 3.44 450 6.16 6.94 8.58 5.63 5.87
W; 396 3960 4.82 591 8.30 9.38 9.50 8.09 7.67
W, 528 5280 5.88 9.32 9.84 10.50 10.27 8.16 8.99
Ws 660 6600 8.12 6.78 10.12 12.34 13.58 10.64 10.26
W, 792 7920 5.92 6.25 8.86 9.90 11.78 8.84 8.59
Average 5.04 5.96 7.95 9.35 10.02 7.78
Table 3. Analysis of variance of the yield of ears.
FV DF SS MS F
Water slides (W) 5 510.536 102.107 36.28™
Error-W 18 50.663 2.814
Plots 23 516.199
Potassium (K) 5 438.586 87.717 94.35™
Int. W x K 25 61.967 2.478 267"
Erro-K 90 83.675 0.929
Total 143 1145.428

CV of plots (W) = 21.83%
CVof split plots (K) = 12.55%

ns, * and **; Non significant and significant at the 5 and 1% levels of probability, respectively.

weight of corn, due to the treatments in question.

The water use efficiency in the international literature, is usually analyzed in ton of product per mega liter of
water used (ML-t %) and kilograms of product per cubic meter of water used (kg-m3). However, to facilitate the
economic analysis of irrigation, WUE data can also be interpreted based on water consumption, expressed in
millimeters of water consumed per ton of corn produced (mm-t%).

The amount of water consumed per ton of ears of green corn produced increases whenever the water slides
are differentiated (Table 4). The consumption of water to produce one ton of maize spikes in the slides 132, 264,
396, 528, 660, and 792 mm of water within all treatments of K fertilization was 34.4 mm-t* (3.6 kg:m ), 49.9
mm-t* (2.2 kgrm ), 56.3 mm-t* (1.9 kg'm ®), 61.6 mm-t* (1.7 kg'm %), 68.6 mm-t* (1.6 kg'm®) and 99.8
mm-t* (1.1 kg'm ), respectively. These results indicate that water use efficiency decreases with the increase of
the quantity of water applied by irrigation.

A similar trend was also observed by some authors in the culture of sugarcane. The example of Singh [13], in
subtropical India, finds that the sugarcane irrigated with only 25% of the evaporation of class “A” (EV) pro-
duced 78 kg-ha -mm™ (12.8 mm-t ) and to irrigate 125% of EV, the water use efficiency (WUE) dropped to
59 kg-ha *mm™*, equivalent to 16.9 mm-t .

In South Texas—USA, Wiedenfeld and Enciso [14] observed for the values of 1.00, 1.25 and 1.50 for the
maximum kc of sugarcane (equivalent to 100%, 125% and 150% of ETo) the water use efficiency (WUE) in
plant cane of 8.0, 7.5 and 6.0 Mg-mL " (equivalent to 12.50, 13.33 and 16.67 mm-t %), respectively; in soca cane
the water use efficiency (WUE) was 9.4, 8.1 and 7.7 Mg mL ™" (equivalent to 10.64, 12.34 and 12.99 mm-t ).

Analyzing the average within the potassic fertilization, there is an increase of efficiency of use of water in
spikes green corn until treatment K, (corresponding to potassium fertilization of 80 kg-ha %, twice the recom-
mended by soil analysis) being produced from 1.2 kg:m* at K, to 2.7 kg of spikes per cubic meter of water, at
Ka.

The following treatment with potassium fertilizer Ks, 100 kg-ha *, plants requiring more water to produce the
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Table 4. Efficiency of water user for ears of green corn production.

; Potassium (K). kg-ha™*
Water slides (K).- kg Average
(mm) Ko-0 Ky-20 K240 Ks-60 K4-80 Ks-100
mmt'  kg/m® mmt' kg/m® mmt' kg/m® mmt' kg/m® mmt' kg/m® mmt' kg/m® mmt' kg/m?
W;-132 64.2 1.6 44.1 2.3 311 3.3 19.5 5.4 21.0 49 26.5 4.0 34.4 3.6

W,-264 77.0 13 61.6 1.7 43.8 2.3 38.2 2.6 31.6 3.2 47.0 2.1 49.9 2.2
WS,-396 83.7 1.2 71.7 15 48.1 2.1 42.3 24 41.9 24 50.0 2.0 56.3 1.9
W,-528 90.1 11 57.5 1.8 54.0 1.9 50.7 2.0 51.6 1.9 65.4 15 61.6 1.7
W;-660 81.4 1.2 99.3 1.0 65.2 15 53.8 1.9 49.6 21 62.4 1.6 68.6 1.6
W,-792 140.3 0.7 1282 0.8 90.3 11 81.1 1.3 67.9 15 90.9 11 99.8 11
Average 89.4 1.2 77.1 15 55.4 2.0 47.6 2.6 43.9 2.7 57.0 2.1

same amount of spikes, 57 mm-t * (2.1 kg:'m ). This peculiarity can be explained by disproportionality factor
caused by excess potassium in the rhizosphere of plants subjected to treatment Ks. For the “Law of the Mini-
mum” Liebig, all nutrients must be available to the plant, the quantity and the ideal proportion. Bozkurt [15]
conducting studies on the effects of irrigation with different water levels in the corn crop in Hatay, Turkey
(36°04'N, 35°57'E, 3 m above the sea), observed in water use efficiency (WUE) for the production of grain from
0.53 to 1.77 kg'm >, applied to the plants 182 - 508 mm water, respectively. Karimi and Gomrokchi [16] eva-
luated the water use efficiency (WUE) in irrigation systems furrow in Ghazvin Province, Iran (36°15'N, 49°54'E),
have obtained water use efficiency (WUE) in the production of maize, between 0.92 and 1.96 kg-m>.

4. Conclusion

Based on the results of this research, it is concluded that the consumption of water to produce one ton of ears of
corn, within all treatments of K fertilization, increased as a function of the layers of water (132, 264, 396, 528,
660, and 792 mm of water), thus decreasing the water use efficiency (WUE).

The application of 680.64 mm of water and 72.14 kg-ha * potassium maximized the yield of ears, resulting in
the maximum yield of ears of 10.82 t-ha .
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