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With increasing demand for rice production and a severe shortage of water, it is necessary
to develop innovative water-saving technology of rice cultivation which would allow reducing
water consumption and increasing rice productivity. Therefore, field experiment was conducted at
Agricultural Research Station of All-Russian Research Institute of Irrigated Agriculture (Volgograd,
Russia) for two years (2013, 2014) to study the effect of different water regimes viz 1,1, & I, in
combination with three levels of mineral fertilizers (NPK) under drip irrigation system on growth,
yield of aerobic rice and water-saving capacity of this technology. The obtained results revealed
that, rice grain yield was 6 ton/ha, while the volume of required irrigation water varied within
499538 mm/ha (on average) which is 60-80% less compared to those consumed under the flooding
technology of rice cultivation. Therefore, it can be concluded that drip irrigation is characterized by
great water saving capacity along with high productivity of aerobic rice varieties.

Keywords: aerobicrice, drip irrigation, water regime, water consumption, mineral fertilizers,
yield.

Rice is the leading irrigated crop in agriculture and is one of the major arable crops
in the world. It is grown in 115 countries on more than 150 million ha globally; it is also
the second most cultivated cereal crop after wheat. Rice is one of the most important staple
foods for more than half of the world’s population [11] and influences the livelihoods and
economies of several billion people. In 2010, approximately 154 million ha were harvested
worldwide, among which 137 million ha (88% of the global rice harvested) were harvested
in Asia, moreover, 48 million ha (31% of the global rice harvested) were harvested in
Southeast Asia only, in Africa — 5.3%, North and South America and Europe — 4.7-0.5%
correspondingly [5].

According to FAQ resources the volume of rough rice production in 2013 reached
more than 700 million tons. However, the demand for rice continues to rise due to population
growth and its increased consumption in countries outside the Southeast Asia [4].

It was estimated that by the year 2025 it will be necessary to produce more rice
by 60% compared to current production volume in order to meet the food needs of the
growing world population. In addition, the area of lands available for crop production is
steadily decreasing because of urban growth and land degradation. Hence, increase in rice
production is supposed to be obtained from the same or even less land areas. This means
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that appropriate rice production practices should be adapted to increase rice yield per arca
unit [3].

The rice production areas can be classified into irrigated, which accounts for nearly
55% of the total rice cultivation area, and rainfed, which consist of upland rice territories
(approximately 14 Mha — 11% of the total rice cultivation area), rainfed lowland rice
territories (nearly 46 Mha concentrating mainly in Asia, representing 30% of the total rice
cultivation area), and deep-water rice and floating rice areas (about 4 Mha in Asia) [9].

In the Russian Federation, as in most countries, traditionally, rice is grown under
continuously flooded condition so the most conventional water management practices are
used which are aimed at maintaining the constant water layer above the surface of the
field throughout the season. Under flooded cultivation system, water consumption is more
than 2000 mm/ha which significantly excesses the biological needs of rice in water (which
ranges within the interval 600-800 mm/ha). However, this system of rice cultivation is
limited by water shortage. Therefore, there is a necessity to find ways to reduce water
consumption and increase water use efficiency in rice production and at the same time to
maintain higher yields [15, 16, 25].

More than 75% of rice production comes from 79 million ha of irrigated lowlands.
By 2025 over 17 million ha of irrigated rice areas in Asia may experience “physical water
scarcity” and 22 million ha— “economic water scarcity” [23]. Reducing water input in rice
production can have a high societal and environmental impact if the saved water can be
diverted to areas where water deficiency is high. The reduction by 10% of water used for
rice irrigation would save 150,000 million m?, which corresponds to about 25% of the total
fresh water globally used for non-agricultural purposes [12].

Recently, the term ‘water-saving irrigation techniques’ has been introduced [8]
to denominate irrigation strategies, aimed at reducing seepage and percolation (SP)
rates by: 1) reducing the depth of ponded water; i1) keeping the soil just saturated or iii)
alternate wetting/drying, i.e., allowing the soil to dry out to a certain extent before re-
applying the irrigation water. According to Paurd et al. [19], rice is not an aquatic plant
SO achlevmg economy in water use without affecting the crop yield seemed to be the hit
world in rice cultivation considering the fact that farmers irrigate their paddy crop more
than it is required [6]. It is reaffirmed that flooding was not the best practice to produce
rice [1].

Acrobic rice is the latest technology that reduces water inputs due to growing rice as
any other irrigated upland crop, which consists of dry-seeded rice cultivation under non-
flooded conditions with irrigated upland rice cultivation, and which is being developed to
increase water-use efficiency. In this system plants are grown on non -puddled, unsaturated
and well-drained soils. Water requirements can be lowered by reducing water losses due to
seepage, percolation, and evaporation [7].

Drip irrigation is a promising system for economizing on available irrigation water.
However, there are still many things unclear about the applicability of this irrigation system
for rice cultivation in terms of water use efficiency, yield ability and impact on environment
and production costs.

Materials and Methods
Field experiment was conducted for two years (2013, 2014) to optimize water and
nutrient soil regimes under drip irrigation by using aerobic rice cultivar «Volgograd » at

Agricultural Research Station, of All-Russian Research Institute of Irrigated Agriculture
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(Volgograd, Russia). Three irrigation regimes and three levels of mineral nutrition (NPK)
were tested in split-plot design with three replications.

The studied irrigation regimes I, I, and L (the first factor) were the following:

I, — Soil moisture content was maintained at the level no less than 80% FC (field
capacity) at soil layer h = 0-0.6 m during the whole growing period of rice plants (from
sowing to the stage of fully mature grain) [80% FC & h=0.6 m].

I, — Soil moisture content was kept at 80% FC level an higher during the vegetative
period (from sowing to panicle initiation stage) at the soil layer to 0.4 m depth, then during
reproductive and ripening phases (from panicle initiation to the stage of fully mature grain)
the wetting depth was increased up to 0.6 m [80% FC & h=0.4 and 0.6 m].

I, — Soil moisture content was maintained as mentioned above at 1, and at the same
depth, but starting from the dough phase to the phase of fully mature grain soil moisture
content was slightly reduced and kept at the level not lower than 70% FC at soil horizon
0-0.6 m [80% FC & h=0.4 and 0.6 m, and 70% FC -h =0.6 m].

The second factor was three levels of mineral fertilizers viz. 1 — (N, Pg, Ko5):
2— (N,; P, K,) and 3 — (N4, Py, K, x) NPK kg ha'. Doses of fertilizer treatments were
calculated in view to obtain the planned productivity of 5, 6 and 7 t/ha of grain. Nitrogen
fertilizer was applied in 3 splits — 50% at sowing, 25% at tillering and the remaining 25%
at flowering stages, while both phosphate and potassium fertilizers were applied once at
sowing.

Irrigation water was supplied through PVC pipe after filtering. The pressure in the
system was maintained at 1 kg cm-?level. The lateral lines were laid with space interval of
0.5 m and characterized by 1.0 Iph discharge rate, emitters were integrally set in at a pitch
of 30 cm. Irrigation was performed in accordance with the actual soil moisture content at
the studied soil depths measured by means of the digital soil moisture meter (Aquaterr —
M350).

Dry direct seeding by drilling method was performed when the soil temperature at
the seeding depth reached 13°C, sceding rate being at 5 million seeds per 1 ha, on the 28
of April (2013-2014).

The field experiment was established on light brown heavy loamy soils, which were
characterized by low organic matter content — 1.29, 1.87% in 0.00—0.28 m and 0.00-0.6 m
soil layers, respectively. Soil pH of the aqueous extract fluctuated from 7.2 to 7.7 at the same
soil depths. The content of available forms of the main soil nutrients was the following:
low in nitrogen, high in exchangeable potassium and labile phosphorus was at the medium
level. Soil bulk density was 1.27 and 1.29 t/m® measured at depths 0.0-0.4 and 0.0-0.6 m,
correspondingly. Field capacity was 24.7 and 23.8% by weight. Porosity ranged from 47.06
10 51.59% and Soil particle density — 2.52-2 .54 t/m3 at the same depths, respectively.

Daily meteorological parameters (daily rainfall, air temperature — minimum and
maximum and relative humidity) were collected from the weather station at the site. The
amount of precipitation during the period from April to September in 2013 and 2014 were
306.9 and 108.9 mm respectively. The sum of daily average air temperatures reached
3605.7 and 3662.1°C. The growing seasons in 2013 and 2014 were characterized as wet
and hemi arid, respectively.

Experimental measurements and observations were calculated according to methods
of experimental work [2, 18]. Total water consumption was determined through water
balance equation developed by A N. Kostyakov. Irrigation rate under drip irrigation
was calculated using the formula of A N. Kostyakov modified by [.P. Kruzhilin et al.

[13, 14, 17].
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Results and Discussion
1. Drip irrigation scheduling of aerobic rice

The experimental results revealed that the time and number of the applied irrigation
rates varied with hydrothermal conditions and the maintained soil moisture regimes during
the growing season of rice. For the first water regime (I,) the first watering in 2013 and
2014 was made on 14 and 25 May, respectively. Under this conditions of soil moisture
regime, irrigation rate was 370 m? ha'!, the number of water applications for those years
of study was 12 and 15 times, and the total consumption of irrigation water was 4440
and 5550 m? ha'!, respectively (Table 1). In case of the second water regime (1) the first
irrigation in 2013 and 2014 was applied on 9 and 20 May, respectively. Maintaining the
planned soil water regime required 4 and 5 waterings with irrigation rate of 250 m® ha',
10 and 13 times with irrigation rate of 370 m? ha!, and the total irrigation water use was
4700 and 6060 m? ha'! respectively.

Table 1

The number and rates of water applications using drip irrigation during the studied period

Number of water applications Total irrigation water
Irrigation regimes Irrigation rate, m® ha- consumption, m*ha-!

2013 2014 2013 2014

I £ E 4440 5550

370 370
I i & L i 4700 6060
250 370 250 370
l, 2 oand L and —— | 2 and 2% and —— | 4510 | 5500
250 370 550 250 370 550

The first irrigation of the third water regime (I;) was performed in the same way as
the one of the second regime (L,). The total number of water applications over the years of
study was 4 and 5 with the irrigation rate of 250 m>ha!, and 8 and 10 with the irrigation rate
of 370 m? ha!. The last watering (550 m? ha' in 2013 and 2014) was conducted on 9 and
6 August. The total irrigation water consumption in this variant of the experiment was 4510
and 5500 m3 ha'. The crop water requirement was quite low during the initial growth
stages; therefore, irrigation scheduling was based to provide lesser water during the initial
stages of rice development and increase water supply during the later stages.

2. Growth stages of rice plants

Life cycle of rice consists of a series of consecutive changes in the growth and
development of plants that express a characteristic of the potential ability of every organism
to reproduce and replicate. Rice plant growth can be divided into three agronomic stages
of development: vegetative (from germination to panicle initiation); reproductive (from
panicle initiation to flowering); and ripening or maturation (from flowering to maturity).
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These stages influence the three yield components: 1) number of panicles per unit area,
2) the average number of grain produced per panicle and 3) the average weight of the
individual grains. These three components determine grain yield. Each phase is characterized
by morphological features and physiological characteristics; therefore, during the Vegetatlon
period the plant itself belongs to the same env1ronmental factor which varies with
time [10].

According to the results of the studied water regimes and their effects on growth
period of rice plants it can be concluded that, the growth period of rice plants fluctuated
113, 111 & 108 days depending on water regimes L, I; & I, that were applied, respectively
(Table 2).

Table 2
The effect of the studied water regimes and mineral fertilizers rates
on duration of growth stages of rice plants, days
Flowerin Dough
Years of Water Sowing- [ Seedling- | Tillering- | Booting- g - ripeness
. . S . . end of milk Total
research regimes seedling | tillering booting | flowering riveness stage stage -
P 9& 1 ful ripeness
Effect of watering regimes and mineral fertilizers application (N,;, P7, Kg)
to obtain the planned grain yield of 6 t/ha
I 10 25 12 26 17 18 108
2013 [ 10 27 14 27 17 18 113
l5 10 27 14 27 17 16 111
I 13 23 12 28 16 16 108
2014 [ 13 25 14 29 16 16 113
l5 13 25 14 29 16 14 111

Effect of different mineral fertilizer levels applied along with water regime 1,[{80% FC — h =0.4
and 0.6 m, and 70% FC — h =06 m]

Ny Pey Kos | 10 26 13 26 17 15 107
2013 | Ny PruKgo | 10 27 14 27 17 16 111
Nysr Poo Kigs | 10 28 15 27 18 16 114
Ny Pe Kos | 13 24 13 28 16 13 107
2014 | Ny PraKeo | 13 25 14 29 16 14 111
Nisr Poo Kigs | 13 26 15 29 17 14 114

However, improving soil nutrient regime, as well as soil moisture regime led to
increase in duration of interphase periods and the whole growing season of rice crop.
The obtained data demonstrated that, water regime I, and using dose of mineral fertilizer
estimated to produce 5 ton of grain yield per hectare resulted in the average rice growing
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period of 107 days. With the increase of mineral nutrition rates, calculated to obtain a grain
yield of 7 t/ha, the duration of rice growing season increased as well up to 114 days. It can
be concluded that, keeping favorable moisture and nutrient soil regimes led to improving
the water content in rice plant tissues, which contributes to prolongation of growing season
and thereby creating favorable conditions for increasing their productivity.

3. Effect of water and nutrient regimes on grain productivity

The analysis of the obtained results (Table 3) allows concluding that the highest
grain vyield of rice variety (Volgograd) was harvested in the variant I,, where soil moisture
content was maintained not lower than 80% of filed capacity till the end of tillering stage
in soil layer 0-0.4 m with a subsequent deepening to 0.6 m at all levels of fertilization
calculated for obtaining grain yield of 5, 6 and 7 ton/ha. In fact the yield amounted 5.20;
6.14 and 6.90 t/ha of grain. While in the variant I, with the same doses of fertilizers rice
grain yield tumed out to be lower — 5.06; 6.03 and 6.83 t/ha. The minimum grain vield of
rice was obtained in the variant I, at all levels of fertilizer applications and amounted 4.81;
5.67 and 6.67 t/ha as average for the years of study (2013-2014).

Table 3
Effect of water and nutrient regimes on grain productivity
Wt reges
2013 2014
Nigs Per Kss 4,79 4,82 4,81
L, Nisq Pry Koo 574 5,59 5,67
Nis7 Pgo Kigs 6,64 6,70 6,67
Nigs Per Kss 5,26 5,14 5,20
I, Nisq Pry Koo 6,15 6,12 6,14
Nis7 Pgo Kigs 6.92 6,88 6,90
Nigs Per Kss 5.10 5,02 5,06
l5 Niss Prs Koo 6,03 6,02 6,03
N.s7 Pgo Kios 6,85 6,81 6,83
LSD,: 2013 — 0.117; 2014 — 0.143

The grain yield varied significantly among the studied treatments. In addition, it is
important to note that the rice variety named “Volgograd™ can be successfully classified
as acrobic rice variety which can grow under non flooded conditions and provide
sufficient yield with significant irrigation water saving when cultivated under drip
irrigation compared to flooding irrigation. High productivity of rice variety “Volgograd™
under drip irrigation can be explained by the sufficient amount of water supplied with
drip irrigation which is enough to saturate the soil during the reproductive stage which
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resulted in better spikelet fertility and finally higher yield, and/or it may be ascribed to
combined favorable effects of improved leaf nitrogen (N) concentration, photosynthetic
rate of flag leaves and increased percentage of filled grain by delayed leaf senescence [20].
Similar trend was observed by Sritharan et al. (2010), Soman (2012), and Vanitha (2012)
on rice in India.

4. Lffect of water regimes on water use and water productivity

Water use efficiency (WUE) is an accurate indicator of agricultural productivity
in relation to crop water consumption. Results of the study (table 4) showed that the
highest amount of irrigation water consumption m? for obtaining 1 ton of rice grain was
recorded when water regime I, was applied and amounted to 881.7 m? /ha. While the
minimum amount of irrigation water per ton of grain — 830.7 m? was expended at regime
I,. The higher water productivity under aerobic drip-irrigated conditions was attributed
to lower yield reduction in comparison with the amount of water saved on average
(2013-2014).

Table 4

The coefficient of water consumption at different water regimes of drip irrigation
(mineral fertilizer rate (N,5,P;,Ky,) calculated to obtain planned grain yield of 6 t/ha)

Total water The coefficient | Irrigation water
Water Years . Yield Irrigation of water consumption
. consumption, 3 .
regimes of research mé/ha t/ha rate, m%ha consumption, per 1 ton of
m3/t grain, m3/t
2013 6136.9 574 4440 1069.2 7735
I 2014 6122.0 559 5550 1095.2 992.8
average 61294 567 4995 10811 881.7
2013 6602.2 6.15 4700 1073.5 764.2
I 2014 6605.0 6.12 6060 1079.3 990.2
average 6603.6 6.14 5380 1076.4 876.9
2013 6464.2 6.03 4510 1072.0 747 .9
Iy 2014 6465.0 6.02 5500 1073.9 9136
average 6464.6 6.03 5005 10721 830.7
Conclusions

Irrigation water input in drip irrigated acrobic rice was 513mm ha' (the average for
two years 2013-2014) and saved 60-80% compared with that consumed under flooded
conditions. Water requirements under acrobic condition were decreased by reducing water
losses due to seepage, percolation, and evaporation. Moreover, it can be demonstrated
that, the higher water use efficiency had been achieved when the irrigation regime I was
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applied. In addition, under drip irrigation was found to create better conditions for growth
and vield of aerobic rice. Thus it can be concluded that drip irrigation has greater water
saving capacity compared with the flooding irrigation, and therefore is a better water-saving
technology in areas of water scarcity.
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BOJOCBEPETAIOIIAA TEXHOJIOI'MA BO3EJIBIBAHUA ASPOBHOI'O
PUCA ITIPU KAIIEJIbBHOM OPOIIEHUHN

W.IT KPYXXWJIVH!, HH. JYBEHOK?, M.A. TAHHMEB!, HM. AB/[Y?,
B.B. MEJIIXOB!, AT BOJIOTHH!, K.A. POJIMH!

(! Beepoccwiickuit HUU opommaeMoro 3emiieaevs;
2PTAY-MCXA wnmenu KA. Tumupssesa)

C pocmom cnpoca Ha npoO0GONLCIGEHHbII PUC Ul ¢ pe3KUM 0bocmpetiem npobiemel Oe-
Quyuma npecHoil 6o0vl, HeOOXOOUMbBI UHHOBAYUOHHYBIE 800OCHepecatouile MeXHONOUU €20 8030e-
JILIBAHUA, KOMOPbIE SHAYUMENbHO YMEHbULAM NOMPeOHOCHIb PUCA 8 800e NPU NOJYYEHUY 8bICOKOL
ypooicatinocmuy. Ymoobvl oyeHums gusHUe 600HO20 PEXCUMA NOYGHL NPU KANETTbHOM OPOULEHUY & CO-
Yemanuy ¢ 003aMU GHECEHUS MUHEPATILHBIX YOOOPeHUll 00ecnewtsaomux noryueHue niaHupyemot
ypoxcatinocmu, 6 2013-2014 22. bbLn 3a7100CeH IKCNEPUMEHMATLHBIT NONE80T onvim 60 Bcepoc-
CUTICKOM HAYHHO-UCCTIE008AMENILCKOM UHCIMUMYMe 0poulaemozo semaeoenis (Boneoepao, Poccus).
Pesynomamet uccneoosanuii noxasanu, Ymo cpeonss ypoxcaiinocms cocmasuna 6 m/2a zepua. Ilpu
oMOM 00beM NOOAHHOT HA OpOULeHUe pUca 8006l N0 APUAHMAM 800OHO20 PEXCUMA & CpeOHeM 3a
2 2o0a usmeHAnca 8 unmepaanax 499-538 mm/ea, umo na 60-80% MeHviite, yem npu 3amonyieHun.
Taxum obpasom, gos0enviganue a3poOHbIX COPMOE PUCA NPU KANeTbHOM OpOouteHUY obecneyusaen
NoJyHeHue 8bICOKOIl YpodcaifHocmu npu 3hexmusHoM UCNONb308AHUY OPOCUMENbHOT 800bL.

Kmouegvie cnoga: aspobmulil puc, KaneivbHoe Opouietie, GOOHbII PeXcUM, MUHepaibHble Y0o-
OpeHus, YporcaiHOCHb.
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Bogorun Asexkcanap I'puropseBny — k. ¢.-X. H., 3aB. OTACIOM OPOCHTCIIBHBIX MCIIHOPA-
it ®TBHY BHUMO3 (400002 1. Boarorpaz, yi. Tumupasesa, 9; ten.: (8442) 60-24-38; e-mail:
vniioz/@yandex.ru).

Pomua KoncranTun AHaroiheBHmd — K. C.-X. H., CcT. Hayu. corp. ®TBHY BHUHO3
(400002, . Borrorpan, ya. Tummpsizesa, 9; temn.: (8442) 60-23-22; e-mail: vniioz@yandex.ru).
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