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Abstract

Various indexes should be considered when developing a suitable irrigation and drainage scheme for crops.
Our study chosen tomato as plant material and conducted a field experiment under saline soils. Nine treatments
distinguished by different irrigation quotas and different drain ditch depths were used for the optimization of
irrigation-drainage scheme. A flooding irrigation treatment with no surface drainage was adopted as control. The
system of evaluation indexes was established in comprehensive consideration of the electrical conductivity and
nutrient of soil, and the water use efficiency, nitrogen use efficiency, quality and marketable yield of tomato.
Moreover, the multi-index analysis and projection pursuit (PP) model were used to evaluate the irrigation-drainage
schemes according to the observed values of these six evaluation indexes. Results showed that different irrigation-
drainage treatments decreased the electrical conductivity in plough layer by 24.6-51.3%, and increased the
tomato water use efficiency and nitrogen use efficiency by 0.3-24.2% and 20.3-96.0%, respectively. The tomato
marketable yield was increased by 14.4-31.3% with the irrigation-drainage treatments when compared to the
control. As analyzed by the PP model, 13D1 (300 m* hm of irrigation quota combined with 10 cm of ditch depth)
was the treatment that possessed best comprehensive benefits due to the highest projection value of 1.6724 thus

was recommended by this study as the optimal irrigation-drainage scheme.

Key words: drip irrigation, irrigation quota, principal component analysis, projection pursuit, surface drainage.

Introduction

Mulched drip irrigation and surface drainage
are two ways to control salinity of cultivated soils in
coastal area. However, except for the effects on soil salts,
mulched drip irrigation and surface drainage also have
various effects on other indicators of plant-soil system,
such as the crop yield (Raina et al., 2013), quality
(Mahajan, Singh, 2006), soil nutrients (Vazquez et al.,
2006; Parris, 2011), water use of crops (Wan et al., 2007)
and so on. Therefore, when selecting optimal parameters
of irrigation-drainage scheme such as the irrigation
quota and the drain ditch depth for saline areas, the salt-
removing result cannot be the only considered factor as
mulched drip irrigation and surface drainage will affect
the aforementioned indicators. Other factors, including
the water use efficiency (WUE), nitrogen use efficiency
(NUE), crop quality indicators and crop yield should also
get enough attention.

Usually, the optimization of irrigation and
drainage scheme in consideration with various indexes

needs the help of multi-index evaluation models (Shao,
Zhang, 2007). The projection pursuit (PP) model, as a
classic multi-index evaluation model, has been widely
used in the optimization of agricultural water schemes
(Ma, 2009; Hou et al., 2012; Shao et al., 2012). The PP
model is proved to be an efficacious approach in dealing
with high-dimensional data, especially those distributed
nonlinearitily and irregularly. In practical operation, the
PP model uses the computer technology to project the
high-dimensional data to low-dimensional space, and
search for the projection value which can well reflect the
characters of high-dimensional data, in order to reduce
the dimension of data (Croux et al., 2007). However,
some of the evaluation indexes contain many subitems
(for example, the tomato quality index usually contains
sugar, sugar:acid ratio, vitamin C, soluble solid and so
on). If all these subitems are put into the index system
paralleled with other evaluation indexes which contains
no subitems, the distribution of index weight will be
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uneven. Therefore, how to turn the various subitems
into one comprehensive evaluation index deserved to be
considered.

In this study, the tomato, which was sensitive to
soil moisture variation, was chosen as the plant material.
Tomatoes were planted in the coastal saline soils under
mulch drip irrigation in eastern China. Surface drainage
was conducted during the growth duration of tomato. The
experimental treatments contained three irrigation quotas
and three drain ditch depths. The irrigation-drainage
schemes were evaluated in comprehensive consideration
of their effects on the salt-decreasing rate, soil available
nutrient content, tomato WUE, NUE, quality and
marketable yield. In order to solve the problem of
uneven distribution of index weight, we used principal
component analysis (PCA) to pretreat the tomato quality
indicators and the soil nutrient indicators, and then used
the PP model to optimize the irrigation and drainage
scheme. This new attempt was expected to provide useful
information for improving the comprehensive benefit of
agricultural production in similar area.

Material and methods

Experimental site. The experiments were carried
out from June to September in 2015 at Hangzhou Bay,
Ningbo (latitude 30°10" N, longitude 121°13’ E), China
(the experiments were permitted by the owner of the land
He Han). The experimental site enjoys a subtropical, mild

T em 40 ¢m

climate with four distinctive seasons. The mean annual
temperature of Ningbo from 1961 to 2010 is 16.4°C. The
temperature of July is the highest, with a mean annual
value of 28°C, and that of January is the lowest, with
a mean annual value of 4.7°C. The frost-fee period is
230-240 days. The mean annual sunshine hours of the
experimental field are 1850 h. Besides, the experimental
site has a mean annual precipitation of 1480 mm, and
most of it occurs during the period between May and
September, the precipitation during this period accounted
for more than 60% of the total. The experimental field
is located at the Development Zone of Hangzhou Bay.
The soil in the field was mixed uniformly before the
experiment. The soil type of the experimental fields is
medium-textured soil, with bulk density of 1.46 g cm?,
0-60 cm organic matter of 0.928%, 0-60 cm total salt
of 3.47 g kg, available nitrogen (N) of 44.33 mg kg,
available phosphorus (P) of 52.10 mg kg™ and available
potassium (K) of 151.81 mg kg™

Plant material and arrangement. Tomato variety
‘Red Crown’ was adopted as the plant material. The
young tomato seedlings with six expanded leaves were
transplanted into the fields on 10 June. The seedlings
were arranged with 30 cm plant spacing and 40 cm row
spacing. Two lines of tomatoes were irrigated by one drip
pipe between them, and were mulched with one single
white plastic film. The plant arrangement was displayed
in Figure 1.
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Figure 1. The plant arrangement and the locations of soil samples

Before transplanting, the tomatoes were fertilized
with 650 kg hm? compound fertilizer (N:P,0.:K.O =
1:2:2). Other field management procedures were applied
equally to all the tomatoes. No additional light, heat or
CO, were provided.

During the growth stage of tomato, the lateral
branches were removed, each tomato plant was allowed to
reserve four fruit sequences. Pest control was conducted
based on the actual situation in the experimental fields.

Treatments and experimental design. Ten
treatments were used to evaluate the combined effects of
mulched drip irrigation and surface drainage on the saline
soils, tomato quality and yield. Each treatment occupied
an area of 1.8 x 6 m?, and total area of the experimental

field was 520 m?. Different treatments were arranged in
one line. The planting density of tomato was 60 plants
per treatment. These treatments were distinguished by
different quotas of drip irrigation and different depths
of drain ditches. The irrigation quotas were kept as
three levels of 200 m* hm? (I1), 250 m*> hm (I12) and
300 m*hm? (I3). The drain ditches were excavated as
three different depths of 10 (D1), 20 (D2) and 30 (D3)
cm, but as the same top width of 40 cm and bottom
width of 30 cm (Fig. 1). A pouring irrigation treatment
with 250 m* hm quota but has no surface drainage was
adopted as control. Each treatment was replicated three
times. The treatments are shown in Table 1.
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Table 1. Experimental design
Treatment I1D1 12D1 I3D1 11D2 12D2 13D2 11D3 12D3 13D3 Control
Irrigation quota m* hm? 200 250 300 200 250 300 200 250 300 250
Depth of drain ditch cm 10 10 10 20 20 20 30 30 30 0

The tomatoes were irrigated every seven days since
12 June (Table 2). During the whole growth stage, the
tomatoes were irrigated thirteen times in total. The surface
drainages were conducted three times on 15 July, 12 August
and 20 September, respectively (Table 2). For each time,
the drainage flow was 3.2 L s”! the drainage duration was
30 min. On 15 July and 12 August, the surface drainage
was directly conducted, while which on 20 September was
carried out after uncovering the mulch.

Rainproof facilities were installed above the
experimental fields to prevent the precipitation from
influencing the soil moisture during the experiment.
The rainproof facilities were half-finished multi-span
greenhouse but without the pad and fan cooling system.
The greenhouse had a cambered top, with span of 8 m,
shoulder height of 3 m, frontal width of 4 m and space
between two arches of 1 m. The greenhouse was covered
with white films, and the films were laid down manually
during the rainy periods.

Samples and measurements. Each treatment
had seven representative sampling points. These points
were in one line perpendicular to the drip pipe. The
sampling points were located separately at the midpoint
between the two drippers, the midpoint between the
two tomato plants, the outer edge of the mulch and the
middle of the drain ditch. Furthermore, the sampling
points were divided into two different categories based
on their locations: the sampling locations outside the
mulch (SOM) and the sampling locations inside the
mulch (SIM), as marked in Figure 1. Before and after
the irrigation, the soil electrical conductivity (EC) value
was measured by an analyzer HH2/WET (DELTA-T
Company, England). Similarly, before and after the last
drainage, the soil EC was also measured. EC value in
SIM was the average of the four sampling points inside
the mulch, and which in SOM was the mean of the three
sampling points outside the mulch. The soil samples at
0-20 cm depth were collected then treated for measuring

the available N, available P and available K content. The
date of soil sampling was 21 September.

Among the four lines of tomato in one treatment,
the two lines nearer to the drain ditch were used to
observe the tomato quality and yield. At maturity,
twelve fruit samples from six plants in each treatment
were randomly collected. For each fruit, 10 g of tomato
flesh was taken along the longitudinal axis and then
homogenized for quality measurements. The following
components contributed greatly to the tomato quality:
volume, density, soluble solids, total acid, vitamin C and
sugar:acid ratio (Zhai et al., 2015). At each harvest time,
the number and weight of tomato was recorded, and the
tomato yield was calculated at the end of the last harvest.
The tomato marketable yield was the total yield minus
the yield of deformed and diseased tomatoes.

Tomato water use efficiency (WUE) (kg m?) was
calculated by the following equation (Chen et al., 2013):
WUE = Y/ EY, where Y was the tomato yield (t ha''), ET
— the evapotranspiration (mm).

Evapotranspiration (ET) was calculated using the
water balance equation of the farm land (Xing, Zhang,
2015): ET=P+1+ U—-R— D — AW, where P was the
valid rainfall (mm), / — the irrigation amount (mm), U—
the groundwater recharge (mm), R — the runoff (mm),
D — the deep percolation (mm), and AW — the variation of
soil moisture before and after the experiment (mm). For
this study, P, U, R and D could be ignored. The equation
could thus be simplified as: ET =1—AW.

Tomato nitrogen use efficiency (NUE) (%) was
calculated using the following equation (Zotarelli et al.,
2009): NUE = N,/ (N, + N,) x100% , where N, is the
nitrogen amount that absorbed by tomato plant (kg ha'), N,
— the nitrogen amount that applied (kg ha™'), N, —the original
nitrogen amount in soil at 020 cm depth (kg ha).

Structure of evaluation indexes. The structure of
evaluation indexes is shown in Figure 2 (Yan, 2014).
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Figure 2. Evaluation indexes of the irrigation and drainage scheme
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Principal component analysis (PCA) model. The
PCA model was used to summarize the various quality
indexes into one comprehensive quality index (CQI) to
facilitate the evaluations on the overall quality of tomato.
The principal components of the quality indexes were
extracted by PCA, and the value of the main component
and the percentage contribution of that component to the
total variation were obtained after the extraction. The
value of CQI was calculated using a membership function
based on the value of the main component and percentage
contribution. Detailed calculations are specified in (Shao
et al., 2014). Similarly, soil available N, P and K were
summarized by PCA model into a comprehensive nutrient
index (CNI) to evaluate the overall fertility of soil.

Projection pursuit (PP) model. The calculations of
PP model are as the following steps (Shao, Zhang, 2007):

(1) Establish the evaluation matrix; if the scheme
number is n, the index number is p, the j” index in the
i scheme is xl.l.*, then the evaluation indexes could be
expressed by an n X p matrix; in our study p = 10, n = 6.

(2) Normalize the evaluation indexes; the
following measures are taken in order to eliminate the
dimension discrepancy among different indexes:

for the indexes that are expected to possess
higher index value (all six indexes in our study are
expected to have higher index value):

X; —min(x;)
X, = - -
7 max(x;) —min(x;) ’
for the indexes that are expected to possess
lower index value:
max(x;) — x;’
Yy = max(x;) — min(x;)
J Aj

Thus a new n X p matrix X can be obtained
based on the normalized indexes.

(3) Linear projection; the essence of linear
projection is to observe the data from different angles and
to search for the best projective direction which can well
reflect the characters of the data. To do so, the unit vector
a={a,a, .. a p} was supposed as the one dimensional
projective direction, and z, was supposed as the one
dimensional projective eigenvalue:

”
z; =Y axx; (=123.,mj=123.p)
J=l

(4) Construct an object function for projection;
the object function was expressed as the product of
the distances between classes and the density between
classes:

Oy =8,%Dy

where Sz is the standard value of projective
eigenvalue (z), and is also named as distances between
classes; Dz is the density between classes of z..

Sz - E(2))

i=l

n—1
where E(2) is the average of the array {z, [i = 1

~nl}.
D, =Y Y (R-r)x f(R-ry),

i=l k=l

where R is window radius of local density;

"}k:’?_rk‘
, 0 t>0
.f(1)={l +<0
Lk=1,2,3..n.

(5) Optimize the object function:
mawa =S8,xD,

fd
sty a’(j)=1
J=1

a(j) <1

(6) Evaluation; the contribution of evaluation
index (index weight) can be obtained according to the
best projective direction. According to the rules of the PP
model, the better scheme possessed a higher z, value.

The projection pursuit classification model (PP)
was built by software Matlab 7.1, and the real coding
based accelerating genetic algorithm (R4GA) was used to
optimize the PP model. During the optimization process,
the main parameters were set as: the original population
size § = 400, the crossover probability Pc = 0.8, the
mutation probability Pm = 0.8, the excellent individual
number N = 20 and the accelerating times 7'= 20.

Statistical analysis. Data were compared
statistically by Duncan’s multiple range test at the 0.05
probability level in software SPSS, version 17.0. Data for
the PCA model were also submitted to the software SPSS
to calculate the value of CQI and CNI.

Results

Soil electrical conductivity (EC). The soil
EC in plough layer as measured for the treatments was
shown in Table 2. After irrigation, the soil EC in SIM
presented an obvious decline trend, whereas that in SOM
increased. The treatments with higher irrigation quota
resulted in obviously lower EC in SIM and higher EC in
SOM correspondingly. Otherwise, the drain ditch depth
also had some effects on soil EC in SOM, since the EC
in SOM was higher under the lower ditch depth, and it
should also be noted that the influence of ditch depth on
EC was produced by the drainage on 15 July. After the
irrigation, the lowest EC values in SIM and SOM were
obtained by I3D1 and 12D3, and were 1.28 and 2.86 dS
m’!, respectively, as measured on 8 August.

After the drainage on 20 September, soil EC
in SIM was decreased by the treatments (except for
11D2). But EC in SOM had not shown clear variation
tendency. On 21 September, the lowest EC in SIM was
still achieved by 13D1, recording as 1.48 dS m, and the
lowest EC of 2.14 dS m" in SOM was found in I1D1
treatment. The decreasing rate of EC during 10 June-21
September with the treatments was 40.6—62.0% and 8.5—
45.0%, for SIM and SOM, respectively, and the average
was 24.6-51.3%. In comprehensive consideration of
the salt-decreasing effect for both SIM and SOM, 13D1
was superior compared to the other treatments. Besides,
at the end of the experiment, EC values (both in SIM
and SOM) with different treatments were significantly
(p<0.05) lower than those with control as measured on
21 September.

Soil available nutrient content. Soil available
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Table 2. Electrical conductivity (EC) of soil in plough layer
Soil EC value in plough layer (dS m™)
Treatment 7 August 8 August 20 September 21 September
SIM SOM SIM SOM SIM SOM SIM SOM
I1D1 240b 3.20b 221b 3.36¢ 2.24 be 3.12 bc 2.10 be 2.14d
12D1 2.08¢ 2.40d 1.84 ¢ 3.42 bc 2.16 be 2.87 cd 1.56d 2.27 cd
13D1 1.92d 2.08¢ 1.28 ¢ 3.66 ab 1.98 ¢ 2.23d 1.48d 2.31cd
11D2 2.51b 3.18b 2.24b 322¢ 2.02¢ 3.22be 2.12be 2.57¢
12D2 2.32bc 3.20b 1.44 cde 336¢ 245b 3.04¢ 1.73 ¢ 2.75¢
13D2 2.13¢ 240d 1.76 ¢ 3.52bc 2.06 ¢ 2.30d 1.88 ¢ 2.58¢
11D3 2.40b 2.80¢ 1.84¢ 3.04 cd 2.49b 3.34b 231b 3.56b
12D3 20lc 240d 1.60 cd 2.86d 2.12bc 2.87 cd 2.10 be 2.65¢
13D3 1.84d 2.56 cd 1.36 de 3.17¢ 2.09 be 2.46d 1.88 ¢ 237 cd
Control 2.88a 382a 2.56a 382a 299a 394a 299a 394 a

Notes. The values of EC are means of three replications. In the same column, means followed by the same letter (a, b, ¢) do not
differ significantly at the 5% level according to Duncan’s multiple range test. Sampling locations inside (SIM) and outside (SOM)
the mulch represent the sampling location inside and outside the mulch, respectively.

nutrient content with different treatments is shown in
Table 3. The available N content of the treatments ranged
from 43.6-53.2 g kg!, which was higher compared to
control (except for I1D1 treatment), probably due to
the fact that the soil moisture provided by I1D1 was not
conductive enough to the mineralization of fertilizer
elements. The available N content was positively related
to the irrigation quota but has no obvious relationship
with the ditch depth. Otherwise, the available P content
was in a range of 37.3—44.8 mg kg'. Most treatments
decreased the available P content as compared to control,
indicating that P was sensitive to the soil moisture and
was easier to be washed away by irrigation water. The
highest content of available P was in 11D3 treatment,
followed by 11D2, no significant difference of available
P content was found between them, this result suggested
that the treatments applied with Il irrigation quota
was more effective in reserving available P in soil.
The available K content was in a range of 149.3—-163.8
mg kg'. The highest available K content was found in
I13D2 treatment. However, the available K content with
the irrigation-drainage treatments had no significant
difference compared to control. Besides, it was found
that both the irrigation quota and the ditch depth had no
obvious effects on available K content.

Water use efficiency (WUE), nitrogen use
efficiency (NUE) and tomato marketable yield. The
WUE of the tomato with different treatments is shown in
Table 4. The WUE with the treatments were in a range of
32.5-40.2 kg m?. Generally, the WUE increased as the
irrigation quota decreased. However, the WUE was not

obviously affected by the ditch depth. The highest WUE
of 40.2 kg m? was found with I1D2 treatment, which
was significantly (p < 0.05) higher compared to that with
control. High values of WUE were also achieved by [1D1
and 11D3, and were 39.9 and 39.3 kg m*, respectively.

Compared with control, the treatments increased
the tomato NUE by a rate of 20.3-96.0% (Table 5). The
highest NUE value of 60.4% was in 13D3 and the lowest
one of 20.3% was found in I1D1. The NUE increased
obviously as the irrigation quota increased, and the
relationship between NUE and irrigation quota was
especially significant in those treatments with D1 and
D3 depth. Besides, the ditch depth also had some effects
on NUE, although the effects were not that obvious
compared to the irrigation quota. The NUE under deeper
ditch depth appeared to be slightly higher.

The marketable yield of tomato with the
treatments was increased by 14.4-31.3% compared to
control (Table 4). The proportions of tomato marketable
yield that accounted for the total yield were in a range
of 89.1-97.5%. The highest tomato marketable yield
of 117.6 t ha'! was found in 13D3, but which had no
significant difference with that in I3D1 and 13D2. The
marketable yield of tomato increased obviously as the
irrigation quota increased, indicating that the irrigation
quota played an important role in influencing the tomato
yield formation. However, no obvious relationship was
detected between the tomato marketable yield and the
ditch depth.

Optimization of the irrigation and drainage

Table 3. Soil available nutrient (mg kg!) in plough layer with different treatments

Treatment Available nitrogen (N) Available phosphorus (P) Available potassium (K)
I1D1 43.6¢c 39.9 abe 149.3b
12D1 49.3 ab 41.3 abc 161.6a
13D1 49.9 ab 38.5be 158.9 ab
11D2 45.6 be 42.0 ab 158.8 ab
12D2 46.4 be 40.5 abc 153.5 ab
13D2 532a 373 ¢ 163.8 a
11D3 46.4 be 448a 160.7 ab
12D3 50.3 ab 41.8 abc 150.7 ab
13D3 49.1 ab 40.0 abc 157.6 ab

Control 45.4 be 42.7 ab 156.7 ab

Note. Means in the same column followed by the same letter (a, b, ¢) do not differ significantly at the 5% level according to

Duncan’s multiple range test.



Optimization of irrigation-drainage scheme for tomato crop based on multi-index analysis

226

and projection pursuit model

Table 4. Water use efficiency (WUE), nitrogen use efficiency (NUE) and tomato marketable yield

Tomato marketable

WUE NUE : :
Treatment kg m? % yield proportion
tha'! %

I1D1 399a 37.0d 104.2 ab 90.6
12D1 385a 47.6 ¢ 1109 a 92.6
I3D1 36.5 ab 54.8 ab 1153 a 89.8
11D2 40.2 a 443 ¢ 104.7b 93.7
12D2 36.7 ab 49.3 be 111.2 ab 97.3
I13D2 333¢c 51.5bc 1162 a 97.5
11D3 393a 47.8 be 102.5b 94.5
12D3 32.7bc 51.1 bc 103.4b 94.5
I13D3 32.4 bc 60.4 a 117.6a 95.1
Control 323¢ 30.8d 89.6¢ 89.1

Note. Means in the same column followed by the same letter (a, b, c) do not differ significantly at the 5% level according to

Duncan’s multiple range test.

scheme. The quality indexes and their values used for
calculating the comprehensive quality index of tomato
were shown in Table 5. The EC-decreasing rate (Table
6), comprehensive nutrient index (CNI) (Table 6), water
use efficiency (WUE) (Table 4), nitrogen use efficiency
(NUE) (Table 4), comprehensive quality index (CQI)
(Table 6) and tomato marketable yield (Table 4) were
adopted as evaluation indexes to optimize the irrigation-
drainage scheme. As was calculated by the PP model, the
maximum index value of the projection was 0.6163, and

the best projection direction was a 0.)* =0.5725, 0.1808,
0.5710, 0.3009, 0.0034, 0.4722. Projection value from
11D1 to control was ordered to be zZ, *=1.3606, 1.5737,
1.6724, 1.4254, 1.3655, 1.3606, 1.6929, 0.9214, 1.3605,
0.0350. A higher projection value indicated a better
comprehensive effect for the treatment. I13D1 therefore
was the optimal irrigation-drainage treatment due to its
highest projection value of 1.6724.

Table 5. The main quality indexes with different irrigation-drainage scheme used for calculating the comprehensive

quality index of tomato

Treatment Density Volume Soluble solid Total acid Vitamin C Suear-acid ratio
gem? cm?® % g 100 g mg 100 g gar
11D1 0.932a 123.3 be 6.6a 0.58 cd 13.1 ab 8.9 abc
12D1 0.929a 129.7b 5.6cd 0.61 be 113¢ 8.5bc
13D1 0.923 a 1429 a 6.4 ab 0.63 abc 13.4 ab 9.3ab
11D2 0932 a 122.4 be 6.6a 0.64 abc 13.6 ab 9.5 ab
12D2 0.925a 125.8 be 6.2 abc 0.59¢ 12.5be 9.2 ab
13D2 0922 a 133.4 ab 5.7 bed 0.50d I1.1c 8.0c
11D3 0933 a 121.2 be 6.4 ab 0.71 a 143 a 9.8a
12D3 0932a 125.6 be 53d 0.64 abc 132 ab 9.6 ab
13D3 0.926 a 128.2 be 5.1d 0.60 ¢ 12.6 abc 7.8¢
CK 0.936a 114.6 ¢ 6.8 a 0.70 ab 14.1 ab 10.0a

Table 6. Electrical conductivity (EC)-decreasing rate, comprehensive nutrient index (CNI) and comprehensive quality

index (CQI)
Index 11D1 12D1 13D1 11D2 12D2 13D2 11D3 12D3 13D3 Control
EC-decreasing rate % 45.50 50.77 51.29 39.72 42.42 42.67 2455 3895 4537 10.93
CNI 1.09 2.27 2.50 1.64 1.57 3.29 1.00 1.76 2.16 1.40
CQI 2.19 1.58 2.28 2.85 2.17 1.35 2.71 1.95 1.00 3.13

Notes. CNI represents the soil comprehensive nutrient index calculated by principal component analysis (PCA) according to the
content of soil available N, P and K in plough layer. Similarly, CQI represents the tomato comprehensive quality index calculated
according to the content of fruit volume, density, soluble solids, total acid, vitamin C and sugar:acid ratio.

Discussion

In our study, the treatments achieved an EC
decrease rate of 24.6-51.3%. The experiment using drip
irrigation which was conducted in salt-affected soils
in west side of the San Joaquin Valley of California
also obtained similar results in controlling soil salinity
(Hanson, May, 2004). However, the EC decrease rate
could only reflect the variation tendency of soil salt,
but could not represent the real removing rate of the
salt, because the EC was dynamically changed (Zhang,

Chang, 2012). After surface drainage, EC in SOM with
most treatments was decreased, possibly not only due to
the fact that the drainage waters brought away the soil
soluble salts through runoffs, but also due to the fact that
the waters leached the salt into deeper soil layer (Bao
et al., 2013). Besides, EC was related closely to the
soil evaporation. Higher soil evaporation would lead to
higher soil resalinization (Zhao et al., 2013). The soil
EC in SOM under some of the treatments increased after
drainage probably because the resalination was more
significant than desalination (Chang et al., 2013).
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Higher irrigation quota was easier to cause the
loss of soil nutrients. An appropriate irrigation quota was
conductive to the mineralization of fertilizer elements
(FlieBbach et al., 2007). In this study, the mulched drip
irrigation and surface drainage had only small effects on
the soil available nutrient content as measured at the end
of the experiment, but an obvious increase of NUE was
detected under higher irrigation quota, perhaps because
the increased available N caused by the irrigations had
been absorbed by the tomato plants, consequently the soil
available N content was maintained in a stable status.

An increase rate of 14.4-31.3% in marketable
yield of tomato was obtained by the treatments when
compared to control. Higher yield was in correspondence
with higher irrigation quota, this result agreed with the
findings of Zhai et al. (2015). The yield-increase effects
by drip irrigation were also reported in Ayars’s and co-
authors (1999) study. Similar study by Biswas et al. (2015)
observed a yield-increase rate of 25-27% under mulched
drip irrigation when compared to the control. Meanwhile,
the WUE of tomato was increased by 0.3—24.2%. Values
of WUE were negatively correlated to the irrigation
quota, which confirmed the study by Zhang et al. (2011).
Otherwise, ditch depth was found to have slight effects
on WUE, this was probably due to the fact that different
ditch depth resulted in different profile distributions of
soil moisture. Besides, the negative relationship between
irrigation quota and overall tomato quality in our study
agreed with the results by many early studies (Liu et al.,
2011; Patané¢ et al., 2011).

Various indexes should be taken into consideration
when optimizing the irrigation and drainage scheme. The
optimization process needed the multi-index evaluation
model due to the specifics of high-dimensional data. To
avoid the uneven distribution of index weight caused by
the various subitems in one index, the subitems should
be pretreated in order to summarize them into one
comprehensive index (Hou, 2013). Early study by Yan
(2014) used the PCA to pretreat the various subitems of
flue-cured tobacco quality to evaluate the overall tobacco
quality, and then used the entropy weight coefficient
evaluation model to optimize water-nitrogen coupling
scheme. Similarly, the PCA and PP models were adopted
in our study, which were expected to provide useful
information for further studies. Besides the conventional
indexes of salt-decreasing rate and crop yield, our study
increased other evaluation indexes including WUE,
NUE, soil nutrient and crop quality, and established a
more detailed evaluation index system. In our study, the
optimal value of the six evaluation indexes could not be
simultaneously obtained by one treatment, especially
the quality and yield. Higher irrigation quota produced
more marketable yield of tomato but also lowered the
overall tomato quality. Therefore, it was vital to find
the compromises between different evaluation indexes
especially between tomato quality and yield. As was
calculated by PPmodel, I3D1 was evaluated to be the optimal
irrigation-drainage scheme. 13D1 obtained the highest salt-
decreasing rate, suboptimal NUE and marketable yield,
satisfactory soil nutrient, while the overall tomato quality
and WUE were not significantly lowered.

Conclusions

1. Higher irrigation quota increased tomato
marketable yield and nitrogen use efficiency (NUE),
whereas decreased the water use efficiency (WUE) of
tomato. The depth of drain ditch had some effects on

the value of electrical conductivity (EC) in the sampling
locations outside the mulch (SOM) and the WUE, but
had no significant effects on other indicators such as
NUE and tomato marketable yield.

2.13D1 (300 m* hm™ of irrigation quota combined
with 10 cm of ditch depth) was the treatment with optimal
comprehensive benefits due to the highest projection
value of 1.6724 according to the calculated results by the
projection pursuit (PP) model.
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Drékinimo ir drenazo schemos pomidorams optimizavimas
taikant daugiarodikle analize¢ bei projekcijos modeli

M. Hou', X. Shao*?

"Fujian Zemés Tikio ir miSkininkystés universiteto Sodininkystés kolegija, Kinija
?Piety Kinijos efektyvaus drékinimo bei drenazo ir Zemés tikio dirvozemio bei vandens aplinkos tyrimy

laboratorija

3Hohai universiteto Vandens apsaugos ir hidroenergijos inzinerijos kolegija, Kinija

Santrauka

Zemés iikio augalams kuriant tinkama drékinimo ir drenaZo sistema, reikia atsizvelgti j jvairius rodiklius. Tyrimui
pasirinkti pomidorai kaip augaliné medziaga ir atlikti lauko eksperimentai druskingose dirvozemiuose. Devyni
tyrimo variantai, besiskiriantys drékinamojo vandens kiekiu ir drenazo grioviy gyliu, naudoti optimizuojant
drékinimo ir drenazo sistema. Kontrolinis variantas buvo drékinimas potvynio vandeniu be pavir§inio drenaZzo.
Vertinimo rodikliy sistemg sudaré $esi rodikliai: dirvoZzemio elektrinis laidumas, maisto medziagy kiekis jame,
vandens ir azoto panaudojimo efektyvumas, pomidory kokybé ir prekinis derlius. Be to, daugelio rodikliy analizé
ir projekcijos modelis naudoti siekiant drékinimo ir drenazo schemas jvertinti pagal Siy rodikliy vertes. Tyrimo
rezultatai parodé, kad skirtingi drékinimo ir drenazo variantai dirvozemio ariamajame sluoksnyje 24,6-51,3 %
sumazino elektrinj laiduma ir 0,3-24,2 bei 20,3-96,0 % padidino pomidory vandens panaudojimo efektyvuma.
Palyginus su kontroliniu variantu, drékinimo ir drenazo variantuose pomidory prekinis derlius padidéjo 14,4—
31,3 %. taikant projekcijos modelj nustatyta, kad dél didziausios projekcijos vertés (1,6724) naudingiausias
buvo I3D1 (300 m* hm™? drékinimui skirto vandens kiekis kartu su 10 cm drenazo gyliu) variantas, todél jis yra
rekomenduotinas kaip optimali drékinimo ir drenaZo schema.

ReikSminiai Zodziai: drékinamojo vandens kiekis, laselinis drékinimas, pavirSinis drenazas, pagrindiniy

komponenciy analizé, projekcijos vykdymas.
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