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Abstract

The effects of different irrigation level and water quality on residual soil micronutrients, pH, carbon sequestration and crop productivity in
a greenhouse setting for sustainability of tomatoes (Solanum lycopersicum cv. Ezmir) production were examined. Groundwater as a traditional
source of irrigation and, recycled wastewater as an alternative source were applied via drip irrigation with design frequency two days. Three
water deficit level maintaining soil moisture content at 80%, 70% and 60% field capacity compared to full irrigation based on crop water
requirements were designed. Profile probe working on time-domain reflectometry principle was used to measure in-situ soil moisture content
inside root-zone. The study found that residual micronutrients in the control and 80% FC treatment were statistically similar despite of water
quality and was highest in recycled wastewater case. Also, both the carbon sequestration by soil-plant system and soil pH in the 80% FC treatment
were not found to be significantly different to full irrigation, postulating that considerable amount of total organic carbon could be sequestered
through deficit irrigation strategy along with saving of water and nutrients. Crop productivity of greenhouse tomatoes was adversely affected in
water stress scenarios. Based on findings, it is recommended that the recycled wastewater as a source water quality designed at 80% FC level is
most appropriate deficit irrigation strategy to save nutrients and conserve soil-carbon.
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Introduction
treatment of wastewater to a level determined by its intended use

The focus of this paper is to analyze dynamics of different is termed as RW [5,6]. RW has been commonly used throughout

sources of water and irrigation deficiency level on residual . .
i ) ] ) ) the world for non-potable purposes like agriculture, groundwater
micronutrients, soil pH, total carbon sequestration and agricultural . . . .
recharge, landscaping, public parks, and construction activities

productivity for sustainability of tomato production in a protected [6,7]. However, the long-term watering with RW and overloading

cropping system. Crop water requirements in irrigated agriculture

the agricultural land with nutrients or salts can cause soil health
is primarily satisfied through three water sources: a) irrigation

degradation, decreased soil permeability and changed soil pH [8].
Despite of irrigation sources, for example, river, well, farm pond
and RW, each of them contain different quality attributes. Quality

water abstracted from underground, b) irrigation water taken
from surface sources like streams, rivers, wetlands and reservoirs

and c) local precipitation [1]. Groundwater (GW) represents the e . N _—
- o of irrigation water is a combination of many characteristics
traditional sources of irrigation water and most commonly used . . . . .
o ) including physical and chemical and is one of the important

throughout the world [2]. However, GW depletion is becoming a . e . .
parameters to be considered in irrigation science of agricultural

global problem, affecting the farming business in many regions
of the world which are famous for agricultural production, and
this can only be made resolved if alternative non-traditional
sources of water including recycled wastewater (RW) reuse made
applicable in farmer’s fields [3,4]. Water produced after necessary

commodities [8,9].

Irrigation occupies about 70% of available freshwater
globally. However, the irrigation industry is getting continuous
challenges/threats from various competitors and climate change
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which are cumulatively giving pressure to use agricultural water
more judicial, systematic & efficient [10]. Therefore, there is both
need and scope to reassess different sources of water for irrigation
and application of scientific water management approaches for
sustainable agricultural production. In this context, one of the
latent approaches might be deficit irrigation (DI) via recycled
wastewater scheme, although having some controversies and
mixed outcomes of DI. The major objective of selecting DI is to
save resources, particularly water and nutrients which play
important role to make economic productivity of water higher and
farming business profitable where water is scarce and expensive
to use in fields [11-13]. The crucial parameters to be analyzed
before taking decision of applying DI include but not limited to:
crop cultivar capacity to tolerate against water stress, soil, local
climate and crop development stage [14,15]. In their studies
of examining influences of irrigation deficiency in greenhouse
tomatoes, [16,17] highlighted that irrigators should be careful in
maintaining soil health when water with high nutrient content is
used. Thus, it is important to maintain a balanced and appropriate
soil-water-plant relationship if source water quality like RW is
integrated with water saving approach like DI in the farmer’s field
to minimize the adverse effects [18].

Tomato (Solanum lycopersicum Mill) production, as a popular
cash crop business occupies an important position due to its
versatile usability throughout the world [19-21]. Tomatoes are

a high-yielding, high-valued and high water requirement crop,
cultivated in both open and protected facilities [22,23]. However,
the tomato farming as a profitable horticultural business is going
in the direction of greenhouse-based production system since
nearly three decades [13]. The key reasons of shifting in protected
environment are: to mitigate the adverse effects of climate change
particularly heat waves, dew and hailstorms; high-potential of
year-round production including off-season and high productivity
in greenhouses [24,25]. Hence, it is important to study different
parameters affecting greenhouse tomatoes for optimizing the
resources use efficiency and minimizing the deteriorating effects
on soil health.

Tomatoes need many nutrients for proper development
and to produce higher yield with better quality fruits. Nitrogen,
phosphorus and potassium are the three major nutrients that
commonly supplied to tomato field as macronutrients. The other
nutrients such as zinc, calcium, boron, sulfur and magnesium etc.
are also equally important. Figure 1 shows a typical content of
different nutrients in a tomato plant. To maintain this balance,
growers need to add nutrients through fertilizers regularly.
Nutrient fertilization is one of the proven magnifiers which not
only contributes to productivity enhancement but also improves
crop quality significantly [26,27]. Crop including tomatoes,
is rather sensitive to excess or deficiency of both macro- and
micronutrients (Figure 1).

Figure 1: Elemental composition of a tomato plant (adapted from Haifa [40]).

Literatures demonstrate that adequate studies have been
conducted globally for evaluating effects of DI on yields, quality and
water productivity of greenhouse-grown tomatoes. Very limited
findings are available examining both DI and water quality impacts
on soil health. No literature is available accounting the effects of
DI and water sources on carbon sequestration under greenhouse
tomato production. Based on these, the specific objectives of
this study are to, a) examine how water quality and different
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irrigation deficiency level effects on residual soil micronutrients,
particularly Ca, Mg and B; b) determine the influences of water
quality and varying irrigation deficiency level on soil pH inside
the root-zone; c) examine the effects on carbon sequestration, d)
examine the effects on productivity, and e) recommend the most
effective DI strategy for greenhouse tomatoes based on residual
micronutrients, soil pH, carbon sequestration and productivity.
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Materials and Methods
Study area and experimental description

It was a pot-based experiment carried out during the PhD
candidature (2017-2018 and 2018-2019) of the first author
of this article at the University of South Australia (-34.92900S,
138.60100E, 10.86m). The selected greenhouse was the
laboratory greenhouse of the same university with facilities of
automatic temperature control system. Day and the night-time
temperature inside the greenhouse were maintained at 25 and

17°C respectively.

Figure 2 indicates the schematic information of experimental
pot and necessary accessories provided in this study. The
texture of the selected soil was loamy sand having physical and
chemical characteristics prior to experiment are presented in
Supplementary materials -Table S1. An indeterminate greenhouse
tomato cultivar, [zmir was chosen for the study as it was one of the
most popular varieties among farmers of the Northern Adelaide
Plains (NAP) of South Australia.

Tomato Plant
Access tube
Water tank+—. -
17 5cm
Drip ring _“10
cm
PVC Pot L e
10 cm
10 cm
10 em
Soil Sensor
30 cm
Drain hole -—ID Q.
ad
' 52 cm E
Figure 2: Layout of an experimental pot.
Table S1: Chemical and physical parameters of selected soil in the study.
Ca(mg/kg) | Mg(mg/kg) | Na(mg/kg) | K(mg/kg) | B (mg/kg) N (mg/kg) P(mg/kg) | C(%) | pH | EC(dS/m)
3030 1070 80 2020 3.1 1550 1720 1.3 7.35 1.05
Table S2: Chemical and physical parameters of selected waters in the study.

Water | Ca(mg/L) | Mg(mg/L) | Na(mg/L) | K(mg/L) | B(mg/L) | N (mg/L) P (mg/L) | C(mg/L) | pH | EC(dS/m)
GW 41 41 229 9 0.2 0.1 0.01 41 7.1 1.9
RW 70 44 325 38 0.5 5.7 0.02 61 7.3 2.1
MW 58 43 280 24 0.4 2.7 0.01 46 7.2 2

Three primary water sources available in the NAP farms were
selected as varying source water qualities including GW, RW
(treated in Bolivar Wastewater Treatment Plant (BWTP), South
Australia) and mixed water (MW, an equal blend of GW & RW
which is one of the popular irrigation sources among NAP farming
community). BWTP is operated by All Water International
under contract to SA Water which was commissioned in three

stages between 1964 and 1969 with design capacity to serve
600,000 people plus industrial waste equivalent to 700,000
people. Sewage comes at the plant through two gravity trunk
sewers: one from Gawler- Elizabeth- Salisbury; another from the
southern area including a large part of Adelaide and is a huge
plant covering about 1500 hectare treatment area. In BWTP, the
tertiary treatment is performed at the Dissolved Air Floatation &
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Filtration (DAFF) plant which makes the turbidity of wastewater
about 0.2 NTU; very near to potable water standard and thus
treated tertiary effluent is chlorinated and supplied for irrigation
to Virginia Irrigation Scheme. Virginia Irrigation Scheme is the
first and largest recycled water scheme of its type in Australia
and remains one of the largest in the Southern hemisphere which
distributes about 15GL per year of highly treated reclaimed water
to irrigators in the Virginia, NAP.

The characteristics of water important from irrigation
initiative are presented in Supplementary materials-Table S2.
The NAP is the largest greenhouse zone of Australia having above
2000 greenhouses and popularly known as the “veggie bowl of
South Australia” where the top-most varieties grown are carrots

Table S3: Summary of the experimental design treatments.

(34,700 tons per year), tomatoes (26,200 tons per year) and
potatoes [28]. The tomato is considered as the most important
crop in NAP agribusiness because it contributes over 30% of
the region’s economic value while occupying less than 4% of its
cultivated area [29] (Figure 2).

Design of experiment and irrigation application

A two-factorial randomized design with four replication
was applied in this research where water quality and irrigation
scenarios represented the first and second factor respectively.
There were 12 treatments in the study totaling of 48 experimental
pots. Asummary of research design with control and test scenarios
is provided in the supplementary materials -Table S3.

Water Quality Treatment No. Treatment Name Irrigation Supply Level Scenario
GW 1 GWI 100% of FC Control
GW 2 GWI, 80% of FC Test
GW 3 GWI, 70% of FC Test
GW 4 GWI, 60% of FC Test
RW 5 RWI 100% of FC Control
RW 6 RWIL, 80% of FC Test
RW 7 RWI, 70% of FC Test
RW 8 RWI, 60% of FC Test
MW 9 MWI 100% of FC Control
MW 10 MWI, 80% of FC Test
MW 11 MWI, 70% of FC Test
MW 12 MWI, 60% of FC Test

Application of irrigation was based on real time soil moisture
data of each treatment. For this, a PR2/4 Profile Probe with
access tubes was used following the method employed in [30]
and website of manufacturer. Total 36 access tube were installed
at 11cm far from center of pot as suggested in [31]. To fulfil the
regular irrigation needed for healthy development of tomato crop
via drip system, the irrigation frequency was maintained at two
days following [32,33]. A detailed stepwise procedure of water
quantity calculation and subsequent supply based on full and
deficit conditions in each irrigation treatment is explained in [34].

valuation of soil micronutrients

The nutrient analysis of selected micronutrients was carried
out at ALS laboratory, Adelaide, South Australia based on the
Method 3051H [35] before and after the experiment in each
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experimental year. The method was compliant with the Australian
National Environment Protection Measures, the [36], Schedule
(B3).

Measurement of soil pH

Soil pH within the root-zone in each treatment was measured
using a low flow porous ceramic cup/ Solusampler and a
waterproof pH Meter. The Figure 3 shows how Solu sampler was
arranged in actual field. Total 36 Solusampler were used in 12
treatment with three replication each. Soil water contained in
porous ceramic cup was extracted using a 60ml syringe following
the procedures suggested on [37]. The soil pH in each treatment
with three replication was recorded after two hours of sample
stabilization in laboratory (Figure 3).
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Figure 3: Porous ceramic cup arrangement in experimental pot for soil pH measurement.
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Total carbon sequestration by soil-plant system

In this study, carbon content in plant biomass and field
soil after the experiment was assessed to quantify carbon
sequestration by the soil and crop system. The carbon content in
soil was measured through combustion process at 1350°C, which
was evolved as carbon dioxide (CO,) and swept to a measurement
cell, quantified by infrared detection. The dried and pulverized
sample was combusted in a LECO furnace in the presence of
strong oxidants/catalysts. The method employed for calculating
total carbon in soil sample was compliant with the NEPM (2013)
Schedule (B3). In addition, the carbon content in plant biomass
was determined using Elementary Vario Macro C/N analyzer
(Elementary Americas, Inc.,, Mt Laurel, N]) in Apal Agricultural
Laboratory, Magil, South Australia.

Statistical analysis

The data were tabulated, examined and analyzed for each
experimental year separately. For analysis, DI levels and water
qualities were represented as independent variables whereas soil
micronutrients, pH and carbon-sequestration were considered
as dependent variables. Three statistical tools including two-
way ANOVA, the LSD test at 5% level of confidence and Duncan’s
Multiple Range Test were used to analyze the data.

Results and Discussion
Water quality, DI and residual soil micronutrients

Soil micronutrients including Ca, Mg, B, S, Fe, Mn and Zn are
important to maintain soil-water-plant relationships of every
crop commodities including greenhouse tomatoes because each

nutrient plays a different and significant role in overall crop
production [38]. However, due to the time and financial limitations,
this study is focused on the analysis of the three micronutrients
namely Ca, Mg and B. The effects of water quality and different
irrigation status on residual soil macronutrients (N, P, K) and root-
zone salinity of this study has been published in [27].

Table 1 indicates the summary results of how average
residual soil micronutrients varied in selected treatments based
on water quality and different irrigation deficiency level in
both experimental years. The highest residual Ca was found in
soil irrigated with RW. The basic reason may have been due to
higher level of Ca concentration in RW than other two sources of
water, GW and MW. As presented in Table 4, the findings of this
study also indicate that the Ca uptake by and available to plants
was highest in full irrigation scenario and going reduced with
reduction in water supply level. This resulted in total fruit counts
and overall yield reduction in irrigation deficiency conditions as
some fruits were affected with blossom-end rot (BER) symptoms
in DI treatments, particularly 70% & 60% FC level despite of the
water quality which is systematically described in [37]. The result
of this study is convergent with [39] who concluded that the
marketable yield of tomato fruits might get reduced up to 50%
by physiological disorder including BER. According to [40], BER
is associated with Ca deficiency in tomato plants which ultimately
affects overall production. [41-43] reported that BER is largely
related to water availability in root-zone and hence the field
conditions where there is severe water deficiency, probability
of BER gets higher. Readily available soil-water in root-zone
significantly affects the overall crop production both in quantity
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and quality because limited water supply reduces the nutrients
flow essential for photosynthesis and other metabolic processes
[38,44,45]. According to [46,47], the nutrient uptake by plants

in full irrigation scenario is higher compared to water deficit
conditions and the major factor responsible was easy availability
of water in prior case.

Table 1: Effects of varying water quality and DI on residual soil micronutrients.

Year Treatment Ca (mg/kg) Mg(mg/kg) B(mg/kg)
GWI 2886.0+0.58d 955.7+0.33d 2.85+0.003¢
GWI, 2884.3+0.67de 954.3+0.67d 2.8340.007cd
GWI, 2880.3+0.88f 950.3+0.88e 2.80+0.006ef
GWI, 2877.0+1.15g 947.7+1.45f 2.78+0.012f
RWI 2903.3+0.88a 969.0+0.58a 2.91+0.006a
RWI, 2902.3+0.67a 968.3+0.67a 2.90+0.003ab
2017-2018
RWI, 2896.0+0.58b 963.3+0.88b 2.88+0.006b
RWI, 2894.0+0.58b 959.3+1.20c¢ 2.84+0.009cd
MWI 2896.0+0.58b 964.3+0.33b 2.85+0.006¢
MWI, 2894.3+1.20b 963.3+0.67b 2.8440.007cd
MWI, 2891.3+0.88c¢ 959.0+0.58¢ 2.82+0.007e
MWI, 2883.0+0.58¢ 955.7+1.20d 2.80+0.007ef
GWI 2889.0+0.58¢ 961.7+0.67¢ 2.88+0.007cd
GWI, 2887.3%0.33c 961.3%0.67cd 2.88+0.003de
GWI, 2879.0+1.15¢ 954.3+0.88e 2.84+0.007f
GWI, 2871.0+0.58f 950.0+1.15f 2.80+0.012g
RWI 2901.3+0.88a 972.0+0.58a 2.93+0.003a
RWI, 2900.3+0.88a 971.0+0.58a 2.92+0.006ab
2018-2019
RWI, 2894.7+0.88b 965.7+1.45b 2.89+0.009cd
RWI, 2889.3+0.88¢ 960.3+0.88cd 2.88+0.006cd
MWI 2895.3+0.88b 966.0+0.58b 2.90+0.007bc
MWI, 2895.0+0.58b 964.7+0.33b 2.89+0.006¢d
MWI, 2889.7+0.88¢ 959.0+1.00d 2.85+0.009ef
MWI, 2882.7+1.76d 955.7+0.88e 2.83+0.009f

Similar observations were made with Mg and B. In the
treatments with RW irrigation, the highest residual B at each water
deficit level was recorded because of the higher initial B content
in RW. In addition, accumulated Mg and B decreased with the
increase in water deficiency provided despite of water quality. This
was because, control treatments received more water compared
to DI scenarios which resulted in a higher level of micronutrient
release to the soil-water and subsequent uptake by the plant.
Different abiotic stress conditions including water stress, nutrient

stress etc. produce adverse effects in resources use efficiency and
hence an optimization of nutrients level in production system
is needed to mitigate the stressful effects [48,49]. In their study,
[50] examined the influences of irrigation deficiency on nutrient
concentration and found that micronutrients including Ca & Mg
were significantly affected by drought stress, resulting lower yield.

Table 1 also indicates that the residual Ca concentration in
treatments designed SMC at 60% and 70% FC were significantly
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different to that of the control while treatments at 80% FC were
statistically identical to the control despite of water quality. This
demonstrated that the Ca accumulation and available to plants
in full irrigation and 80% FC level is statistically same which is
important from resources use efficiency perspective. Same trend
was observed in the cases of residual Mg and B (Table 1).

Table 2 indicates a summary of two-way ANOVA resulted from
the interaction of water quality and different irrigation level on
micronutrients accumulated in soil. As presented in Table 2, it can
be seen that all three selected micronutrients, Ca, Mg and B were
significantly affected from both independent variables selected:
water quality and DI at the chosen significance interval (P < 0.05).

Table 2: Output of the two-way ANOVA for soil micronutrients (Ca, Mgand B) under four irrigation scenarios (l) and three water qualities (W) and
their interactions (W x ).

Nutrient Year Source Df SS MS F-value P-value

w 2 1738.5 869.25 453.52 0
2017-2018 [ 3 601.56 200.52 104.62 0

WxI 6 37.94 6.32 33 0.02
G w 2 1342.39 671.19 262.64 0
2018-2019 [ 3 1172.22 390.74 152.9 0

WxI 6 42.94 7.16 2.8 0.03
w 2 1048.72 524.36 238.95 0
2017-2018 [ 3 447.86 149.29 68.03 0

WxI 6 4.39 0.73 0.33 091

Mg

w 2 655.06 327.53 149.25 0
2018-2019 [ 3 755.42 251.81 114.75 0

W x| 6 6.5 1.08 0.49 0.81
w 2 0.03 0.02 117 0
2017-2018 | 3 0.02 0.01 54.5 0

W xI 6 0 0 1.11 0.39
s w 2 0.02 0.01 65.89 0
2018-2019 I 3 0.03 0.01 58.5 0

W x| 6 0 0 1.52 0.21

Table 3 summarizes and compares the result (avearge of two
experimental years 2017-2018 and 2018-2019) of micronutrient
analyses obtained from effects of various irrigation deficiency
level and water quality. It is clearly seen that large quantity of
micronutrients were supplied via fertigation when RW was
chosen as an irrigation source. This not only produced higher
nutrients availbility to the plants in RW treatments but also larger
residual soil nutrients too. The Table 3 also indicates that there
was no significant differences in residual Ca, Mg and B left on soil
when SMC was maintained at 80% FC compared to those of the
control treatment. This result is important in the optimization of
resources use in agriculture because, it in turn, increases nutrient
use efficiency in DI scenarios. However, this study recommends an
arrangement of leaching facilities to remove salt or excess boron
accumulated in plant’s root-zone area particulalry in RW and MW
cases so that salinity and nutrients above the recommnded level
from irrigation point of view could not affect crop productivity
and soil health in long run. In their study of greenhouse-grown
tomatoes in South Australian conditions using RW and freshwater,
[17] reported that although non-traditional sources of water like

RW has strategic importance in demand-side water management,
it is essential to check quality parameters regualrly to optimize
plant and soil health. In the context of growing demand of water
by sectors other than agriculture, the necessity and importance
of tapping non-traditional water sources with cost-effective
agricultural water management practices is gaining momentum.
However, maintaining the healthy environment of soil-plant-water
relationship is a key challenge. To fulfil the fertiliser requirements
of irrigated agriculture in the context of exponentially increment
in chemical fertilizer price globally, betterment in resources use
(basically agricultural water and chemical fertilizer) should get
top priority. Otherwise, developing countries whose economy
relies on agriculture and who imports fertilizers, have to face
dark days in food availability very soon. This study suggests that
there is no significant differences in residual micronutrients
accumulation compared to full irrigation when DI at 80% FC is
applied. Thus, the regions where availability of freshwater in
famer’s field is expensive, the DI designed at 80% FC could serve
as a best strategy to save considerable amount of water and
nutrients applied through fertigatio system.
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Table 3: Summary result of soil micronutrients analysis.

Initial Ca in Soil 3030mg/kg Initial Mg in Soil 1070mg/kg Initial B in Soil 3.1mg/kg
Ca .
Ca Added . Mg Con- Resid- B Concen- Added ST
Concen- Residual . Added R ual B
Treatment | (ration through Ca in Soil % centration | b ual Mg % tration through in Soil %
in Water Irri- (mg/kg) Loss in Water lrrigatigon in Soil Loss | in Water Irriga- (mg/ Loss
iar i) || Ak (mg/L) (mg/kg) (mg/L) | tion(mg/L) | °p .y
(mg/L)
GWI 5658 2887 66.8 5658 958 85.8 28 2.86 90.8
GWI, 4794 2885 63.1 4794 957 83.7 23 285 | 89.1
41 41 0.2
GWI, 4492 2879 61.7 4492 952 82.9 22 2.82 | 888
GWI, 4061 2874 59.5 4061 948 81.5 20 2.79 87.9
RWI 9175 2902 76.2 6106 970 86.5 69 2.92 96
RWI, 8449 2901 74.7 5311 969 84.8 60 291 | 954
70 44 0.5
RWI, 7926 2895 73.6 4982 964 84.1 57 2.88 95.2
RWI, 7080 2891 71.4 4450 959 82.6 51 2.86 94.7
MWI 7842 2895 73.4 5814 965 86 54 2.875 95
MWI, 7066 2894 71.3 5239 964 84.7 49 2.865 | 945
58 43 0.4
MWI, 6573 2890 69.9 4873 959 83.9 45 2.835 | 94.1
MWI, 5896 2882 67.7 4371 955 82.4 41 2.815 | 93.6
Soil pH distribution in the root-zone from pH point of view as the desirable soil pH for greenhouse

tomato production is in between 6.0 and 7.5 [40]. However, it
arises a question that what will be the ultimate point of irrigation
deficiency beyond which the soil pH starts to affect the production
system because, after continuous cropping of tomatoes for many
seasons with DI application, soil pH value might be lower than the
recommended threshold. In such case, soil fertility management

Table 4 summarises the mean value of soil pH in 12 selected
treatments at the end of a cropping season. The highest soil pH
after the crop growth season was found to be in pots irrigated with
RW which is in line with findings of [51]. The highest value of soil
pH was 6.94, found in the control treatment RW, followed by RWI1
(6.92) and RWI2 (6.86). Similarly, the lowest pH was measured
in highest deficit treatment of GW (6.48,), just lower than GWI2
(6.50) and GWI1 (6.55). The soil pH was found to be decreased Carbon sequestration by soil-plant system
with an increasing irrigation deficiency level. After the end of a

measures need to be implemented.

Initial organic carbon (OC) concentration in the experimental
soil was 1.3%. The threshold level of soil OC in effective root-
zone area of plants is 1.5% [54]. The residual soil OC remained
in different treatment after a cropping cycle is shown in Table 5.
Soil irrigated with GW showed the highest soil OC accumulation.
This was basically because OC concentration in GW was higher
compared to other two sources selected in the study. Of the
various DI level, the control treatment, regardless of water quality
sequestered significantly higher OC in the soil. The value of soil
OC found to be decreased with an increase in degree of irrigation

cropping season, an average of 10.6%, 7.4% and 8.1% reduction
in soil pH was observed in control treatments (GWI, RWI and
MWI) resepctively. These findings are in agreement with [52],
where it was mentioned that DI scenarios with RW as an irrigation
source reduced soil pH by 0.4 after a cropping cycle. However, [53]
claimed that the RW did not affect the soil pH consistently and
it needs continous research to draw a scientific conclusion about
the effects of water stress on soil pH. This study found that the
soil pH inside the root-zone of all DI treatments were significantly
different with each other regardless of water quality. In addition, deficiency applied. This happened due to boosted crop biomass in
Table 4 also indicates that the mean soil pH goes on decreasing o . .
full irrigation compared to water-stressed conditions. According

to [55], those crop management practices which improve plant
At higher or lower pH levels, micronutrients become less growth result in greater OC storage in soil which is in consistent
available to plants. In this study, all 12 treatments after a crop  with the finding of this study. The OC sequestered in soil via
growth season had average pH ranging from 6.5 to 7.0, which treatments in 80% FC was found insignificant to full irrigation at

indicates that there might not be harmful risk on soil health the 5% significance level.

with increase in water stress level designed.
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Table 4: Mean soil pH among different combinations of three water qualities and four irrigation scenarios.

Soil pH

freatment 2017-2018 2018-2019
GWI 6.55+0.012f 6.58+0.012fg
GWI, 6.55+0.003f 6.56£0.0068
GWI, 6.52+0.007g 6.49£0.006h
GWI, 6.50£0.007g 6.4620.007i
RWI 6.92+0.007a 6.96+0.003a
RWI, 6.90+0.007a 6.94+0.006a
RWI, 6.87£0.012b 6.86£0.007b
RWI, 6.85£0.012b 6.83£0.012¢
MWI 6.71%0.009¢ 6.73£0.012d
MWI, 6.69%0.009¢ 6.71£0.009d
MWI, 6.67+0.009d 6.65£0.006e
MWI, 6.64+0.009€ 6.60+0.007f

Table 5: Mean organic carbon sequestration by soil-plant system among different combinations of three water qualities and four irrigation scenarios.

Year Treatment 0C-Soil (%) 0C-Plant (%) TOC (%)
GWI 2.22+0.002a 39.93+0.017ef 42.16+0.020f
GWI, 2.22+0.002a 39.85+0.029f 42.07+0.029fg
GWI, 2.21+0.002bc 39.67+0.017g 41.88+0.019h
GWI, 2.21+0.002cd 39.53+0.017h 41.74+0.017i
RWI 2.18+0.002g 41.63+0.044a 43.82+0.042a
20172018 RWI, 2.18+0.003gh 41.57+0.033a 43.74+0.037ab
RWI, 2.17+0.003ij 41.28+0.033b 43.45+0.035c¢
RWI, 2.16x0.003j 41.23+0.017b 43.39+0.015¢
MWI 2.20+0.002d 40.25+0.029c 42.46+0.032d
MWI, 2.20+0.002d 40.20+0.029¢ 42.40+0.029d
MWI, 2.19+0.003f 40.10+0.029d 42.29+0.029%
MWI, 2.19+0.003fg 40.02+0.033de 42.20+£0.037f
GWI 2.27+0.003a 39.62+0.017e 41.89+0.015f
GWI, 2.25+0.003ab 39.58+0.017e 41.84+0.013f
GWI, 2.23+0.003d 39.35+0.029f 41.58+0.029¢g
GWI, 2.22+0.006de 39.30+0.029f 41.52+0.026h
RWI 2.19+0.003g 41.43+0.017a 43.63+£0.019a
20182019 RWI, 2.18+0.006gh 41.38+0.017a 43.56+0.018ab
RWI, 2.16x0.006i 41.23+0.017b 43.39+0.018¢
RWI, 2.15+0.003ij 41.20+0.029b 43.35+0.032c
MWI 2.24+0.003c 40.55+0.029c 42.79+0.026d
MWI, 2.22+0.003cd 40.52+0.017c 42.74+0.015d
MWI, 2.20+0.003f 40.13+0.017d 42.34+0.013e
MWI, 2.19+0.003g 40.10+0.029d 42.29+0.026e
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Carbon sequestration basically involves atmospheric CO,
transformation into the soil mass via plant system and includes
many advantages like improvement of biodiversity and water
quality [54]. They necessitated the importance of adopting best
integrated crop water management practices to restore soil
health through improving soil OC concentration. It is important to
increase OC in soil for decreasing greenhouse gas (CO,) emission
and to improve soil health [55]. For example, the yield potential
of the crop is severally affected if soil OC is less than 1% [56].
Innovative agronomic practices such as conservation agriculture
and integrated crop-water management practices help carbon
sequestration in soil [57]. The carbon sequestration in agricultural
ecosystem generally depends on climate, microbial activities
and management practices like minimum or zero tillage, cover
cropping and water management [58]. As soil OC influences soil
health and several key pedospheric processes, various ecosystem

goods and services significantly depend on it [54].

Table 5 also shows the variation of carbon sequestration by plant
system at the end of a cropping season in 12 selected treatments.
Of the four DI scenarios, the control treatment despite of water
quality resulted in significantly higher OC content in plant than
that of the rest. The highest value of plant OC was in RWI, followed
by RWI1 and RWI2. The lowest plant OC concentration was found
to be in GWI3 (39.4%), which was slightly lower than GWI2
(39.5%) and GWI1 (39.7%). Similar to soil OC, the value of plant
0OC also followed the trend of decreasing with decrease in water
application to crop. This was because plant growth and biomass
accumulation was highest in control treatment. Water deficit
conditions reduced plant biomass content which eventually
decreased plant OC which agrees findings of [55].

Table 6: Mean crop productivity across four different irrigation level and three water qualities.

Productivity (t/ha)
Treatment Sample Size (n) % Loss Compared to Control
2017-2018 2018-2019 Average
GWI 138 91.83+0.02ab 94.56+0.03ab 93.20+0.04ab C
GWI, 136 83.16x0.03c 86.74+0.04c 84.95+0.05¢ 8.85
GWI, 134 66.32+£0.02de 71.234£0.05de 68.78+0.03de 24.67
GWI, 131 59.43+0.03f 64.56+0.03f 62.00%0.05f 31.73
RWI 141 94.64+0.04a 97.57+0.03a 96.11+0.02a C
RWI, 139 86.22+0.02¢ 90.25+0.03c 88.24+0.02¢ 8.19
RWI, 136 73.97+0.03e 79.23%0.05e 76.60+0.05e 19.5
RWI, 134 66.83+0.02f 71.64+0.03f 69.24+0.05f 27.96
MWI 140 89.79+0.02b 93.24+0.04b 91.52+0.03b C
MWI, 138 84.69+0.04c 85.46x0.05¢ 85.08+0.02¢ 7.04
MWI, 137 71.42+0.05e 70.68+0.02e 71.05£0.04e 22.36
MWI, 133 61.47+0.03f 63.22+0.04f 62.35x0.02f 31.87
Crop productivity reported that the productivity of greenhouse tomato cultivar F1

The effect of different water sources and irrigation level on
agricultural productivity of tomatoes cultivated in greenhouse
environment was examined in this study which is presented in
Table 6. The productivity of selected cultivar was found highest
in control treatment as expected despite of water quality. RW
demonstrated better performance compared to GW and MW in
every level of DI applied. Table 6 indicates that the greenhouse
tomatoes productivity value goes on decreasing with increase in
water application. The mean values of productivity reduction in
80%, 70% and 60% FC treatment with respect to full irrigation
were 8.85, 24.7 and 31.7% respectively in the case of groundwater
irrigation. Same trends of productivity loss up to 32% were
observed in MW and 28% in RW. Some studies are published
dealing productivity reduction due to water stress provided
while growing greenhouse tomatoes. For example, a) [59]

How to cite this article:

Fantastic was reduced from 111t/ha (full irrigation) to 87t/ha.
The percentage loss was 21.6%, b) In their study, [60] found that
the crop productivity of variety Mill was 71t/ha in DI while this
value was 76 in full irrigation, c) [61] reported the productivity
value of cultivar Cochoro in full irrigation condition as 187t/ha
while the value dropped to 165 in partial irrigation scenarios,
d) [62] studied the effects of water stress on productivity of
cultivar Vibelco and found 27.5% productivity loss in DI. The
major reason behind productivity reduction in DI condition might
be that photosynthesis process gets adversely affected in water
stress condition which ultimately hampers crop growth and
overall yield [63,64]. However, in the regions where availability
of freshwater resources in the farm is limited and expensive for
agricultural operations, it might be more practical to improve
water productivity compared to just concentrating on yield
increments [65].
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Conclusion

The major influences of water quality and various DI level on
residual micronutrients (Ca, Mg & B), soil pH within the root-zone,
carbon sequestration by soil-plant system and crop productivity
for tomatoes production were examined. As presented in results
and discussions, this study demonstrated that the DI treatment
designed at 80% FC and full irrigation were statistically identical
for both residual soil micronutrients and carbon sequestration
cases. Although the productivity was decreased in DI, it was not
in that level detrimental to reduce the production significantly,
particularly in the scenarios of 80% FC condition. Therefore,
this study recommends that application of DI strategy could be
an efficient approach for maintaining soil health and saving
resources (basically water and nutrients) in those regions where
availability of freshwater is scarce and expensive to farmers. In
addition, in the context of exponential rise in chemical fertilizer
price throughout the world, the tools and techniques which save
resources without compromising yield should be prioritized by
government to practice in farmer’s fields. However, due to the large
buffer capacity and micronutrients amount, a long-term field or
plot experiment is more reasonable compared to pot experiment
for investigating the changes of residual micronutrients, pH and
carbon in soil under different irrigation status with varying water
quality.
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