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Agriculture is currently facing demanding challenges such as water scarcity and environmental pollution while Chinese
cabbage (Brassica rapa L. chinensis) is one of the most important vegetables in China. However, to ensure food security, it is
required to assess the effect of water and nitrogen management strategies on the growth, yield, and water use efficiency (WUE)
of Chinese cabbage. Therefore, a field experiment was conducted using a randomized complete block design with a factorial
arrangement of treatments adopting three irrigation methods (surface irrigation, Sl; surface drip irrigation, DI; and subsurface
drip irrigation with drippers at 5, 10 and 15 cm, SDIs, SDI1g, SDI1s) and combined with two nitrogen fertilizer (Urea, N >
46.2%) application levels 300 kg N/ha (100%N) and 240 kg N /ha, (80%N). Dry plant biomass (DPB), dry root biomass (DRB),
plant height, number of leaves/plant, maximum root length and leaf area index (LAI) (growth parameters) and consequently
crop yield and WUE were significantly affected by irrigation systems and fertilizer levels. The obtained results indicated that
Sl treatment under both N fertilizer levels (100%N and 80%N) gave better results among other irrigation methods. In contrast,
SDI treatments comparing with DI as a control, SDI1s under both N fertilizer levels significantly gave higher yield 36.0 and
28.9 t/ha under 100%N and 80%N respectively. While SDIs (25.4 and 18.3 t /ha) recorded the lowest yield. SDI1s gave the
highest WUE 60.6, 52.0 t /h /mm under100%N and 80%N respectively, also SDI1s was the optimal irrigation regime for the
following growth parameters DPB (11.6 and 10.2 g/plant), DRB (5.1 and 4.6 g/plant, number of leaves/plant (25.7 and 23.7),
maximum root length (11.8, 9.3 cm) and leaf area index (LAI) (1.05, 0.91) under both nitrogen level 100%N and 80%N
respectively. Our findings suggested that SDIs irrigation combined with 100% nitrogen application rate could be an effective
irrigation and fertilization management strategy for Chinese cabbage growth with water-saving and high yield.
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INTRODUCTION

The cultivation of vegetables is an essential agricultural
aspect in China (Zhang et al., 2018). Usually, greenhouse
farming's economic benefits are greater than those for open-
air vegetable production (Guo et al., 2012). The key crops
grown in greenhouses in China have been vegetables in recent
years, have high economic value and health benefits for
producers (Sun et al., 2013). Chinese cabbage is an essential
crop grown in South and Northeast Asia and has a 30%-40%
share of China's crop production sector.

Compared with other vegetable crops, easy seed production,
short crop duration offers benefits to the growers and low
production costs (Rasool et al., 2019). Chinese cabbage can
be planted in the fall, winter, spring, and summer seasons. The
vegetable's whole character varies widely with the leaf size,
shape, and strength of the green leaf color.

Water is a severely limited resource due to increased use, poor
management, and contamination. The expected rise in dry
weather in many parts of the world would further worsen the
problem (Luterbacher et al., 2006). The agriculture sector
leads to this adverse situation in large part. Irrigated
agriculture is a big water user and accounts for approximately
two-thirds of the overall freshwater used for human use
(Fereres and Evans, 2005). Several differing factors, such as
different climatic conditions, the development stage, and
water availability, determine the irrigation interval. However,
the irrigation interval varies according to the irrigation
method. From this viewpoint, irrigation programming and
irrigation methods are closely related (Giouvanis et al., 2018).
One of the most effective irrigation systems is considered to
be drip irrigation, saving water, reducing surface runoff and
deep percolation compared to surface irrigation (Jha et al.,
2019). It directly supplies the needed amount of water to the
root zone of crops, hence increasing water and fertilizer
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efficiency (Kuscu et al., 2014). Hassanli et al. (2010) stated
that yield reaction for more than 30 crops indicates that SDI
crop yield was higher than or equal to that for other irrigation
techniques. In most cases, it needed less water. Drippers are
placed under the soil surface in the SDI system to reduce
water consumption, control weeds, and minimize runoff
(Afzal et al., 2020). Due to its higher WUE relative to other
irrigation strategies, SDI provides a better significant
advantage (Li et al., 2015).

Recently, Chinese agriculture faces many difficult challenges
to ensure sustainability for the environment. China has
become the world's largest fertilizer user, and producers have
used excessive fertilization to achieve high yield (Li et al.,
2015). Most farming communities always use traditional
methods with high fertilizer and water inputs to produce a
higher yield (Delang, 2017). N Is the main nutrient in
increasing crop yield (Hameed et al., 2019b). N is an essential
nutrient for vegetative crop growth, directly influencing the
crop yield by the leaf area and plant height increase (Ata-Ul-
Karim et al., 2016). The average nitrogen fertilizer provided
in different regions in China, about 300 kg /ha (Hameed et al.,
2019a). Hetao Irrigation District is about 350 kg /ha (Du et
al., 2011), in Jiangsu province 300 kg /ha (Peng et al., 2010).
There have been several studies on the impact of irrigation
practices and nitrogen levels on vegetable crops. The
increased amount of irrigation water causes leaching and
fertilizer inefficiency (Li et al., 2018). The Chinese Ministry
of Agriculture examines that the quantity of fertilizer used is
high and beyond the acceptable limit (Shugin et al., 2018). A
better highlight for increasing crop yield and fertilizer use
efficiency is proper management (Luo and Li, 2018).
However, limited studies are available about the WUE,
growth, and yield of leafy vegetables with SDI. Thus, we
hypothesized that proper irrigation management and better
fertilizer application are the most important factors on plant
growth. Due to excessive fertilizer application and high water
applied, proper technique and management are required. SDI
at 15 cm dripper placement might be the best method to save
water, enhance yield and WUE. Our study objectives were: 1)
to investigate the performance of growth and yield of Chinese
cabbage as affected by different irrigation systems and
fertilizer rates, and 2) to explore the proper water and fertilizer
management strategy for Chinese cabbage with water-saving
and high yield characteristics.

MATERIALS AND METHODS

Description of Study Area: The experiment was performed in
October 2019 on Chinese cabbage in the Water-Saving Park
of Hohai University (31 ° 95'N, 118 ° 83 'E), in a greenhouse
without temperature monitoring under normal light
conditions, in a suburban of Nanjing, in the downstream area
of the Yangtze River basin with an average height of 15 m
above sea level. Under the influence of the East Asia

Monsoon, the study region's climate is classified as humid.
The mean annual temperature is 15.7 ° C, the mean
evaporation of the pan is 900 mm, and the mean annual
rainfall is 1,073 mm. The field was prepared to a depth of 30
cm by well conventional tillage (manual) and then partitioned
into a particular experimental unit. The soil of the
experimental field is clay loam. Its detailed chemical and
physical properties are shown in Table 1.

Table 1. Soil physical and chemical properties

Soil property Value
Silt 36.68 %
Clay 44.59 %
Sand 19.61 %

pH 7.14

TN 1.20 g/kg
TP 0.33 g/kg
BD 1.33 g/cm?®
Porosity 50.18 %

Note: TN, TP and BD represent total nitrogen, total potassium and
bulk density, respectively. Values are the replication of properties.
Experimental Design: The field experiment comprised of
two factors, three irrigation systems, namely surface irrigation
(SI), drip irrigation (DI), and sub-surface drip irrigation (SDI)
that was divided into sub-treatments with sub-surface drippers
at depths of 5, 10, and 15 cm, namely SDIs, SDl1g, and SDl3s
respectively, and two nitrogen fertilizer levels, Urea-N at 300
Kg N/ha (100% N) and 80% Urea-N at the rate of 240 Kg
N/ha (80%N).
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Figure 1. Experimental design set up

A completely randomized block design had yielded ten
treatments, named SI+100%N, DI+100%N, SDIs+100%N,
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SDI1o+100%N, and SDI;5+100%N, and  SI+80%N,
DI+80%N, SDIs+80%N, SDIl1g+80%N and SDI;5+80%N,
each treatment had to replicate three plots, totally 30 plots
(Fig. 1). Each plot area was 1.68 m? (L x W = 2.1 m x 0.8 m)
approximately, and the two adjacent plots separated by a ridge
25 cm thick. Every plot consisted of six lateral lines with a
lateral distance of 20 cm, each lateral line had a total of three
drippers with a spacing of 40 cm, all treatments received the
same amount of water 0.15 m3 per plot (892.8 m? /ha) except
Sl treatments received 0.408 m® per plot (2,428.6 m®/ha). The
treatments were irrigated three times during the whole
growing period with 20-d irrigation intervals. A water
reservoir (0.05 m®) was installed at the height of 2 m to store
irrigation water. Irrigation water was delivered to the plots
through a gravity drip system. Each treatment had a separate
drip line, surface irrigation plot was irrigated manually, for all
treatments, and nitrogen fertilizer was mixed with irrigation
water.
Plant Sampling: Three representative plants were chosen
from each treatment during the growth period for the
measurement of growth parameters. Among these, using 100
cm (accuracy isa 0.1 m) stainless steel ruler to determine each
marked plant's height. Every plant's Leaves number was
counted at 5-d intervals. Leaf area was used to measure the
leaf area index (LAI), which was calculated based on the
number of plants in a square meter by applying a total green
leaf area. Plant samples were separated into leaves, roots, and
separately weighted. On the day of harvesting, the maximum
root length was measured. After oven drying, the dry plant
biomass (DPB) and dry root biomass (DRB) were obtained at
70 ° C until a constant weight was achieved.
Water Consumption, Yield and Water Use Efficiency: Total
crop evapotranspiration (ETc) was calculated using the soil
water balance equation (Zhang et al, 2017). The
contributions of available precipitation, groundwater
recharge, runoff, and deep percolation were negligible under
the experiments' actual conditions.

ETc=1- AW (1)
where | is the irrigation amount, mm; AW is the change of soil
water storage at the beginning, and end of the trials, mm.
Water use efficiency was measured from the yield and
accumulated water determined according to the following
equation:

Y
WUE = — )

where WUE is water use efficiency, t/ha/mm; Y is fresh yield,

t/ha; lw is crop water consumption, mm/ha.

Statistical analysis: The experimental data were statistically
analyzed using the IBM-SPSS statistical package (IBM-SPSS
19, USA). A general linear model procedure was used to
perform an analysis of variance (two-way ANOVA). Each
treatment's mean values were compared by applying LSD
tests at the p<0.05 level of significance.

RESULTS AND DISCUSSION

Growth Parameters

Dry Plant Biomass: The ANOVA results showed a
significant difference (P< 0.05) of irrigation methods on DPB
either in 100%N or 80%N level. Generally, dry Chinese
cabbage biomass increased with the application of fertilizer
rate under all irrigation treatments. Under 100%N level, the
maximum DPB was observed with SI+100%N followed by
SDI15+100%N,  SDIyp+100%N,  SDIs+100%N,  and
DI+100%N this decrement as flows 14.6%, 15.5%, 16.0%,
and 35.1% respectively. Furthermore, the DPB in SDI
(SDI15+100%N, SDIl1o+100%N, SDIs+100%N) treatments
were lower than those from SI1+100%N, by 33.3%, 32.0% and
31.1% higher than those from DI+100%N. The DPB in
treatments under 80% N level showed the similar pattern with
those under 100%N level, and its order is SI+80%N >
SDI15+80%N> SDI10+80%N> SDIs+80%N > DI+80%N. In
comparison with SI+80%N, the DPB was significantly
decreased by 17.9%, 18.7%, 19.5% and 39.0% for
SDI15+80%N, SDI1p+80%N, SDIs+80%N and DI+80%N,
respectively. While DPB among SDI treatments under 80%N,
SDI115+80%N gave the highest value, followed by
SDI10+80%N, and SDIs+80%N, DPB increased by 35.3%,
34.1%, and 32.8% respectively, compared with DI+80%N
(Fig. 2A). The interaction effect of the irrigation method
(p<0.05) with the fertilizer rate was significantly affected
DPB.

Dry Root Biomass: The Chinese cabbage DRB was
influenced by the methods of irrigation and N fertilization is
seen in (Fig. 2B). The maximum DRB was observed with
SI+100%N, followed by SDIl15+100%N, SDI1o+100%N,
SDIs+100%N, and DI+100%N. Compared with SI+100%N,
DRB was decreased as flows, 0.4%, 1.4%, 12.5% for
SDI;5+1009%N,  SDIy+100%N,  SDIs+100%N  and
DI+100%N respectively. On the other hand, DRB in SDI
treatments was significantly increased by 14.3%, 13.2% and
8.5% for SDI15+100%N, SDI1p+100%N and SDIs+100%N,
respectively, comparing with DI+100%N. Moreover, DRB
under 80%N fertilizer level, SDIs+80%N was recorded
highest value followed by SI+80%N, SDI1+80%N,
SDIs+80%N and DI+80%N. Comparing with SI+80%N, the
SDI15+80%N had increased DRB by 0.9% but not significant;
meanwhile, other treatments decreased by 2.6%, 2.9%, and
7.0% for SDIp+80%N, SDIs+80%N and DI+80%N,
respectively. While DRB under SDI treatments
(SDI15+80%N, SDI10+80%N, and SDIs+80%N) significantly
increased by 8.5%, 4.7%, and 4.5%, respectively compared
with DI+80%N. DRB was greatly influenced by the effects of
irrigation practices and fertilizer and their interactions
(p<0.05).

Leaves Number: The number of Chinese cabbage leaves
decreased significantly under 100%N level (p<0.05). The
maximum plant leaves were observed with SI+100%N
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Figure 2.DPB (A), DRB (B), leaves number (C), roots length (D), plant height (E) and LAI (F) of Cabbage under

different treatments

Note: lower case letters above the error bars are the significant differences according to the LSD tests at p<0.05 level.

followed by SDIl1s+100%N, SDI1p+100%N, SDIs+100%N
and DI+100%N. Compared with SI+100%N, the plant leaves
number significantly decreased by about 8.3%, 13.1%, 17.9%
and 25.0%, respectively. Meanwhile, leaves number in SDI
treatments significantly increased by 22.2%, 15.9% and 9.5%
for SDIi5+100%N, SDI;g+100%N and SDIs+100%N,
respectively, compared to DI+100%N. As well as the leaves
number under 80%N level treatments have the same pattern
with 100%N level, therefore the plant leaves significantly
decreased by 11.2%, 13.9%, 19.0% and 25.3% for
SDI15+80%N, SDI10+80%N, SDIs+80%N and DI+80%N,
respectively. But under SDI treatments showed that,
SDI15+80%N> SDI1p+80%N> SDIs+80%N, 20.2%, 15.3%
and 8.4% respectively when compared with DI+80%N (Fig.
2C).

Maximum Root length: As presented in (Fig. 2D), the longest
maximum root length was observed in S1+100%N, followed
by SDI1s5+100%N, SDI1+100%N, SDIs+100%N, and
DI+100%N, however, this decrement was 8.5%, 20.7%,
27.0% and 34.2%, respectively, compared to SI+100%N.
While root length was increased under SDI treatments
(SDI35+100%N, SDI1g+100%N, and SDIs+100%N) by
39.0%, 20.4%, and 11.0%, respectively, compared with
DI+100%N. Furthermore, a similar pattern to those
under100%N level either compared to SI+80%N or
DI1+80%N level. Irrigation methods x nitrogen interactions
were also significant in Chinese cabbage maximum root
length.

Plant Height: Under 100%N level treatment, the longest
plant height was recorded by SDIs+100%N, followed by
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S1+100%N, SDIl15+100%N, SDI11o+100%N, and DI+100%N.
The lowest plant height was recorded by DI+100%N. The
plant height increased by about 8.9% in SDIs+100%N while
significantly decreased by 16.2%, 16.3%, and 22.0% for
SDI15+100%N, SDI10+100%N, and DI+100%N, respectively
compared with SI+100%N. Plant height in SDI treatments
was 39.6%, 7.5%, and 7.3% higher than DI+100%N but not
significant. The SDI15+80%N showed the longest plant height
followed by SI+80%N, SDIs+80%N, SDI1+80%N, and
DI+80%N in comparison to SI+80%N, plant height increased
by 4.86% for SDI115+80%N, while decreased by 2.1%, 2.2%,
and 5.3% for SDIs+80%N, SDI1c+80%N, and DI+80%N,
respectively. On the other hand, under SDI treatments,
SDI15+80%N was recorded highest value followed by
SDIs+80%N, and SDI1o+80%N, plant height increased by
10.8%, 3.5%, and 3.3%, respectively (Fig. 2E).

Leaf Area Index: The maximum LAl was observed in
SI1+100%N followed by SDIi5+100%N, SDIs+100%N,
SDI10+100%N, and DI+100%N (Fig. 2F). Compared with
SI+100%N, the LAI was decreased by 9.5%, 13.8%, 19.8%
and 29.3%, respectively. While LAI within SDI treatments,
compared with DI+100%N, significantly increased by 28.0%,
22.0%, and 13.4% for SDIis+100%N, SDIs+100%N,
SD10+100%N, respectively. Furthermore, the LAI under
80%N level demonstrated that, maximum LAI was registered
by SDI5+80%N followed by SDIs+80%N, SI+80%N,
SDI10+80%N,and DI1+80%N, compared with SI+80%N, LAI
increased by 8.3%, 2.4%, for SDI;5+80%N, SDIs+80%N,
respectively. In contrast, decreased by amount 1.19%,
27.38% for SDI1p+80%N, DI+80%N, respectively.
Furthermore, LAI increased among SDI treatment as follows
SDI15+80%N, SDIs+80%N, and SDIg+80%N (49.2%,
41.0%, and 36.1%), respectively compared with DI1+80%N.
Yield and WUE: Table 2 showed that the maximum vyield
value was noticed by SI+100% N, followed by SDI15s + 100%
N, SDIyo+ 100% N, SDIs + 100% N, and D1+100% N.. Crop
yield significantly decreased (p<0.05) by 10%, 33.8%, 36.5%
and 42.5% respectively compared with SI+100%N. But
among SDI treatments, the crop yield increased,
SDI15+100%N gave the highest value followed by
SDI10+100%N and SDIs+100%N; these increments can be
expressed by 56.6%, 15.2%, and 10.4% respectively
compared to DI+100%N. A similar pattern was shown under
an 80%N level. The crop yield was decreased significantly by
25.3%, 44.7%, 52.7% and 65.9% for SDIis+80%N,
SDI15+80%N, SDIs+80%N, and DI+80%N, respectively, by
comparing to SI+80%N. On the other hand, under SDI
treatments by comparison with DI+80%N, crop yield was
significantly increased by 118.9%, 62.1% and 38.6% for
SDI15+80%N, SDI1p+80%N and SDIs+80%N, respectively.
The interaction effect of irrigation and nitrogen was
significantly affected by crop yield.

Table 2. Effect of different irrigation methods and
fertilizer management and the result of ANOVA
on yield and WUE.

Treatment Yield (t/h) WUE (t/h  Water use
mm?) (mm)
SI+100%N 40.0A 19.46 205.8*
SI+80%N 38.74 20.1¢ 192.28
DI1+100%N 23.0FF 41.3° 55.7F
DI1+80%N 13.2" 30.07 44.0'
SDIs+100%N 25.4PE 44.5¢P 57.1F
SDIs+80%N 18.3¢ 36.3F 50.5¢
SDIl10+100%N 26.5¢P 45.8¢ 57.9P
SDI10+80%N 21.47 44.7¢P 47.94
SDI15+100%N 36.08 60.6% 59.4¢
SDI15+80%N 28.9¢ 51.08 56.7F
ANOVA
I * * *
N * * *
Ix N * * *

Note: SI, DI and SDI represent surface irrigation, drip irrigation and
subsurface drip irrigation, respectively. | and N represent irrigation
and nitrogen, respectively. WUE means water use efficiency. Values
within the same columns followed with different letters are
significantly different at (p<0.05) according to LSD test, * denotes
significant at (p <0.05) level.

In irrigation methods under 100%N level, The findings
revealed that SDIis + 100% N had the highest WUE values
followed by SDI1o+100%N, SDIs+100%N, DI+100%N and
SI+100%N, in comparison with the SI+100%N, WUE was
significantly increased by 211.7%, 135.5%, 129.0% and
112.4% for SDI;5+100%N, SDI1g+100%N, SDIs+100%N,
and DI+100%N, respectively. Further, with 80%N level,
SDI;5+80%N recorded the maximum WUE value followed by
SDI10+80%N, SDIs+80%N, DI+80%N, and SI+80%N,
Compared with the SI+80%N, the WUE was significantly
increased by 153.0%, 121.84%, 80.0% and 48.9%,
respectively (Table 2

Effect of Different Irrigation Methods and Fertilizer
Management on Plant Growth Parameters: Irrigation and
fertilization are substantial factors of plant growth, and
therefore correct choosing of them can lead to enhance plant
growth. The overall average of DPB, DRB, maximum root
length, and leaves number per plant was significantly
decreased compared with Sl, plant height and LAI also
decreased (Fig. 2A). The possible reason could be the high
irrigation level on Sl treatment than other treatments. A high
volume of irrigation water increases the height of the
plant, the number of leaves and the overall fresh weight
significantly (Al-Harbi et al., 2008). The root length
decreased as water application decreased (Maria do
Rosario et al., 1996). Our result also showed that the effect of
fertilizer rate on all parameters, that is, 100%N level was
better for all growth parameters, yield, and WUE than 80%N
level. This could be due to a high application rate of N. Ouda
et al. (2008) stated that each rise in the dose of nitrogen
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fertilizers increase leaves per plant. The maximum yield was
achieved from supplying 300 kg N/ha (Yoldas et al., 2008).
The findings from the present study showed that SDI1s under
both 100%N and 80%N rate had registered the maximum
value of DPB (11.6 and 10.2 g/plant), respectively, in
comparison to other SDI (SDIs, SDIi) and DI treatments
(Fig. 2B). It could be due to the direct application of water
and fertilizer by subsurface drip emitters in the crop's root
zone, which decreases the loss of water. Therefore
conveyance, evaporation, and percolation losses are
minimized. A similar result has been found by Bar-Yosef et
al. (1989), who noticed that the highest difference was
obtained in overall dry matter production by subsurface
fertigation. The current results showed that SDI1s under both
100%N and 80%N level had high DRB (5.1 and 4.6 g/plant
for 100%N and 80%N respectively, compared with other SDI
and DI treatments (Fig. 2B), This could be due to the strong
absorption of water and nutrients which help high production
of biomass. Similar findings have been recorded by Al-
Rawahy et al. (2004), they stated that significant root growth
was achieved with porous pipes at a depth of 15 cm under
both water applications. High root development with
maximum root dry matter indicates strong uptake of water and
nutrients (Alhaj Hamoud et al., 2019).

Compared to the DI, SDI tends to increase root growth and
distribution in the subsurface layer in the wetting zone. (Al-
Omran et al., 2005). Holding the drip tape inside the crop root
zone and well below the soil surface successfully replenishes
the root zone due to minimal soil gravity flow and decreases
evaporation losses due to reduced capillary movement. (Patel
and Rajput, 2007). maximum root length was recorded in
mycorrhizal plants to increase water uptake in those plants
(Augé, 2004). As presented in (Fig. 2D), our results showed
that SDls significantly increased the maximum root
length as compared to DI, under both 100%N and 80%N
fertilizer, SDI registered longest maximum root length
11.8, 9.3 cm respectively compared with DI. This could
be due to the strong moisture balance and aeration in the
root region, with increased emitter depth, which
increased root system growth relative to DI, which
appeared to lower the upper surface moisture level. Our
findings in line with Khodke and Patil (2012), which
demonstrate that the maximum root length was observed in
the surface soil layer (0-15 cm) by using the SDI system
followed by DI.

SDI gave a better result than Sl on okra plant height (Al-
Harbi et al., 2008). The current study showed that, under
both 100%N level, SDIs gave a higher value of plant height
(15.2, 10.5 cm), while 80%N, SDI15+80%N had the highest
value (11.2 cm), compared to other SDI and DI treatments
(Fig. 2E). May attributed to the proper water and nutrient
uptake. Moreover, the maximum LAI under 100%N (1.05)
was noticed in SDI15+100%N. Meanwhile, LAI under 80%N
(0.91) was recorded by SDI15+80%N, compared to other SDI

and DI treatment (Fig. 2F). This could be attributed to proper
water and nutrient uptake. Chinese cabbage leaves number
increased significantly (p<0.05) with SDI;s either under
100%N or 80%N level compared to other SDI treatments and
DI treatment. The maximum leaves number per plant was
(25.7 and 23.7) under 100%N and 80%N, respectively,
compared with DI and other SDI treatments (Fig. 2C). This is
an indicator of the proper conservation of water at this depth.
Our results in line with Al-Rawahy et al. (2004), who reported
that the amount of water on the subsurface line at a depth of
15 cm gave significantly higher numbers of leaves for all three
irrigation levels.

Effect of Different Irrigation Methods and Fertilizer
Management on Yield and WUE: Our findings showed that
the yield significantly decreased in SDI and DI compared with
SI under both nitrogen levels (Table 2). This decrement
because SDI and DI received less amount of water than SI.
Increased irrigation levels increased tomato Yield (Xiukang
and Yingying, 2016; Kuscu et al., 2014; Shugin et al., 2018).
Wang and Xing (2016) stated that tomato yield decreased
with the irrigation amount reduce. Furthermore, our findings
also indicated that SDIys treatment either under 100%N or
80%N fertilizer level significantly (p < 0.05) improved crop
yield compared to DI, the highest values of yield were
obtained in SDI1s under both nitrogen levels (36.0 and 28.9
t/ha) in 100%N and 80%N respectively, whereas SDIs (25.4
and 18.3 t /ha) recorded the lowest yield (Table 2). This
increases due to reducing or eliminating soil water
evaporation, irrigation runoff, and deep percolation. Similar
results recorded by Vadar et al. (2019) Who observed that
under SDI, the yields of vegetables and field crops were equal
to or greater than those for other irrigation systems. SDI can
effectively increase alfalfa production by reducing soil water
evaporation (Wang et al., 2018; Lamm, 2016). The results in
line with Vadar et al. (2019) stated that burying the lateral
pipe in SDI reduces the evaporation from the topsoil surface.
Under the SDI method, potato yield was greater than under
the DI method throughout all observation years (Patel and
Rajput, 2007). Piri and Naserin (2020) observed that SDI
obtained the highest yield of onions and the lowest yield
obtained by SI. Our findings also indicated that the
application of two nitrogen levels showed that 100%N had
greater yield and WUE than 80%N, we in line with Sun et al.
(2013) Who found that the yield of wheat grain and WUE
improved with the N fertilization rates.

For SDI, the maximum WUE was significantly greater than
the DI. The SDI provides more optimal plant growth and
production conditions in the root zone (Al-Omran et al.,
2005). WUE (21.7 kg /ha /mm) with SDI 0.15 m lateral
placing depth was found by (Vadar et al., 2019). The highest
WUE was found in the plot irrigated by the SDI method (2.1
kg/m3), while the lowest WUE was in the SI (1.43 kg/m®)
(Hassanli et al., 2010). WUE of Chinese cabbage was
improved as a result of increased yield without increased
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water application as shown in (Table 2), our results indicated
that the SDIss gave highest WUE under both nitrogen level
100%N and 80%N (60.6, 52.0 t /h /mm) respectively,
compared with SI. The key explanation for the higher WUE
in the SDI system may be lower soil-surface evaporation and
better water supply and nutrients within the root zone.
Furthermore, as there is limited evaporation from the SDI
system, transpiration is increased and increased transpiration
increases stomata opening and photosynthesis. A similar
result has been reported by Bhattarai et al. (2008). Higher
WUE at deeper emitter depth noted in the edamame was
probably attributable to lower evaporative losses than shallow
emitter placement (Al-Ajmi and Abdel Rahman, 2001).

Conclusions: The results obtained in this study showed that
crop growth parameters, crop yield, WUE of Chinese cabbage
were all affected by different irrigation methods and fertilizer
management and their interaction. DPB, DRB, root length,
the number of leaves per plant and yield were significantly
decreased under both 100%N and 80%N levels compared
with Sl, plant height and LAI were also decreased, while
under SDI (SDlss, SDIyg, and SDIs) treatments under both
nitrogen fertilizer levels, and comparing with DI. The SDI3s
gave highest values in DPB, DRB, maximum root length,
number of leaves per plant, plant height, LAI, and yield while
DI obtained the lowest values. Maximum WUE under both
nitrogen levels was significantly recorded by SDIis while the
minimum noticed by DI. Especially, 100%N fertilizer level
gave better results than 80%N level among all growth
parameters, yield and, WUE. These results suggested that
SDI;s can be considered a most effective irrigation method
with moderate nitrogen application in increasing yield,
growth parameters, and improving WUE of Chinese cabbage.
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