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Abstract

Irrigation and nitrogen management are essential for sustainable agricultural development in arid and semi-arid regions.
Lower water availability and fertilizer utilization are two major factors of constrainting agricultural production in the semi-arid
regions. Therefore, improving the utilization efficiency of water and fertilizer has become an important research goal. A two-
year field experiment was laid out in a split-plot design with no irrigation (I5), 17200 m3 ha™' (I;500) and 1800 m® ha™" (I;5q) as
the main factor and 0 (Ng), 60 (Ngg) and 120 (N;40) kg N ha™" nitrogen rate as a sub-factor to investigate the effects of
irrigation and nitrogen rates on precipitation storage efficiency (PSE), soil water storage, grain yield, and water and nitrogen
use efficiency of oilseed flax in the Loess Plateau of China. The result showed that irrigation and nitrogen significantly
increased PSE, soil water storage during the fallow period (ASWCf), dry matter accumulation and grain yeild of oilseed flax.
However, the change of soil-water storage during the growing season (ASWCg) and the change of soil-water storage in the
whole year (ASWCy) decreased. Soil water storage in irrigation supply treatment at after harvest in each growing season was
higher than that in non-irrigation. PSE was highest under I1800N120 treatment. 11800 increased SWSs, SWSh and ETg at
2018 and improved above-ground biomass (anthesis and maturity stage), while decreased WUE and WUEI. Grain yield under
60 and 120 kg N ha™! with 1800 m3 ha™" increased by 69.12, 68.07 (2017) and 22.77, 15.23% (2018), respectively, when
compared to the IONO treatment. Considering flax grain yield, water and nitrogen productivity, 60 or 120 kg/ha N and irrigation
of 1800 m3/ha are recommended for water and nitrogen management of oilseed flax in Loess Plateau of China.

Introduction

Crop production is limited by irrigation water shortage, especially in the 40% of the world’s cropland under arid or semi-arid
climatic conditions where irrigation is the only way to maintain stable food production '. Gansu province located in the arid
and semi-arid regions of China. The effective precipitation is generally lowest during the growing season of crops, and the
precipitation storage efficiency (PSE) is about 35-40% 2. About half of total annual precipitation in this region focused on
July to September, hence, the limited water resource in this region is inefficient in most cases 2. Therefore, maximizing water
productivity is a critical task in this region and will have significant impacts at local and regional levels. To cope with water
scarcity, irrigation combined with nitrogen fertilizer is a commonly used water-saving cultivation technique in this area.

Irrigation is considered one of the key factor affecting crop water and nutrient uptake. Appropriate irrigation has been used by
many researchers to promote crop growth, increase crop yield, improve water use efficiency and facilitate N uptake 7. To
facilitate N uptake, soil water availability in moist soil compartment should remain at a high water level with partial irrigation
of root zone ’. Irrigation should consider its side effects on increasing N emissions from paddy fields, which may also reduce
N use efficiency 8. Precipitation use efficiency (PUE) is the ratio of grain yield to annual precipitation °, which can be used as
an index to measure WUE 0. Maximizing precipitation use for dryland agriculture is essentially about maximizing soil-plant-
atmosphere persistence productivity 1.

Soil nutrient availability, along with water content, is another factor that affects the grain yield and crop quality. Nitrogen is an
essential nutrient that affects crop productivity and water use efficiency (WUE) 2. However, it has been reported that high N
fertilization is not sufficient to maintain high grain yield and WUE in the long term, because soil water may be depleted under
high N supply '3. Moreover, crop response to nitrogen lies on soil water content, amount and frequency of rainfall during crop
growing seasons, which is more than the amount and timing of nitrogen applications '*. In addition, irrigation is the main
factor of affecting nitrogen uptake, translocation, distribution and accumulation '°. Understanding the mechanisms
controlling water use and WUE under N fertilization is critical for efficient water use in semi-arid regions of the world,
including the Loess Plateau of China.

Oilseed flax (Linum usitatissimum L.) is a fibrous and dicotyledonous plant of the Linaceae family with potential economic

value, known as common flax or linseed '8, which has a long history of cultivation in agriculture and is grown throughout the

world. With the booming economy and increasing demand for high quality food by the citizens around the world, there is a
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growing demand for food and industrial products '’/. The increasing demand for edible oil sources with significant amount of
omega-3 fatty acids is leading to the consumption of oilseed as a functional food 8. However, grain yield of oilseed flax is
not only controlled by its genes but also influenced by environmental factors such as soil moisture, nutrients, climatic
conditions and agronomic measures. Water and nitrogen are considered the most important and manageable factors.

Water and nitrogen (N) are the two most important inputs for high grain yield in oilseed flax production. The scarcity of water
resources and low nitrogen utilization have limited the sustainable development of oilseed flax in Gansu. Grain yield and
water use efficiency (WUE) of oilseed flax are mainly limited by soil water deficit during vegetative growth and grain filling due
to high evaporation and erratic rainfall distribution. Therefore, effective water and nitrogen management is essential to
improve water use efficiency, water productivity, nitrogen use efficiency and maintain grain yield. Balancing N and water
remains a significant challenge as under- or over-supply can offset the benefits of reducing the overall production and
nutrient gains °. However, the mechanism of irrigation-nitrogen coupling to improve grain yield and WUE in the semi-arid
areas of China is still unclear. Therefore, this study aims to determine an optimal water and nitrogen fertilizer management
strategy that can comprehensively improve grain yield, soil water storage (SWS), PSE, soil water balance, WUE and NUE of
oilseed flax by establishing a quantitative relationship between water and fertilizer use and these parameters. This study
aims to provide a scientific basis for the effective management of local irrigation and nitrogen application.

Materials And Methods
Experimental site

The field experiment was carried out in Dingxi Academy of Agricultural Science (34.26°N, 103.52°E, altitude 2050 m) Gansu
Province, China, from April 2017 to August 2018. Mean annual rainfall was about 405.9 mm, annual temperature 8.8°C,
annual sunshine duration 2161h. Before planting, several soil samples (0-30 cm) were collected to determine the basic
nutrient contents. Soil samples were randomly collected from 5 sites before the study to measure soil organic matter, total
nitrogen (N), total phosphorus, alkali-hydrolyzable N, available phosphorus, available potassium and pH, which were 10.51 g
kg™',1.00gkg™,0.85gkg™",47.91 mgkg™",26.43 gkg™', 108.30 mg kg~ and 8.13, respectively.

Experimental design

The field experiment was laid out in a split-plot design with irrigation as the main factor and nitrogen rate as a sub-factor. For
each factor, treatments were randomized and replicated three times. The irrigation levels included: no irrigation (lg), 1200 m3
ha™" (I1500) and 1800 m3 ha™" (I,500) While nitrogen rates were: no nitrogen (Ng), 60 kg N ha™' (Ngg) and 120 kg N ha™
(N120). Urea (46% N) was applied as per treatment in a single application in the early growing season. QOilseed flax was
planted on April 7 and harvested on August 8 in 2017, while in 2018, it was cultivated and harvested on April 5 and August 12,
respectively. Each treatment received 90 kg P,05 ha™" yr™!. The main plot was 6.8 m x 5.0 m while the sub-plot was 5.0 m x

2.0 m. Water was applied directly to the plots, with a pipe attached to a flow meter to measure the amount of water applied
(Guo et al., 2014).

Measurement and calculation

The soil water content (SWC) in 0-160 cm layer was measured every 20 cm before sowing and after harvesting, and 5 points
were randomly selected in each plot. Soil samples collected by drilling equipment are loaded into aluminum box, weighed by
fresh weight, oven-dried at 105°C for 8-10 h, and then measured the dry weight. Soil water content (%) and soil water storage
were calculated using the following formulas:
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SWC (%) = (FW - DW)/(DW - AW) x 100 (1)

where SWC is the soil water content (%), FW is fresh weight of soil sample with aluminum box, DW is dry weight of soil
sample with aluminum box, and AW is the weight of aluminum box.

SWS (mm) = (SWC x b x d) x 100 (2)

where SWS is the soil water storage (mm), b is soil bulk density in g/cm?, and d is soil depth in cm. From each sampling time,
the average soil water content at the 0-160 cm depth was used for statistical analysis.

ASWC; = SWC,, - SWC; (3)

ASWC: is soil water storage during the fallow period (mm); SWC,, is soil water content at previous harvest or the beginning
of the fallow period (mm) and SWC is the soil water content at oilseed flax planting or the end of the fallow period (mm).

The precipitation storage efficiency (PSE) was calculated by:

PSE (%) = ASWC¢ / R¢x 100 (4)

Where Ry is the rainfall during the fallow period (mm).

The ET4 (mm) was calculated by:

ETg = SWC, + Ry - SWC;, (5)

Where Rg is the seasonal rainfall (mm), and SWCh is the soil water content at harvest (mm).

The change of soil-water storage (mm) was calculated by:

ASWC = P- ET (6)

Where P is the rainfall occurring during the given period (mm); ET is the amount of evapotranspiration (mm), and ASWC is
the change of soil-water storage within the soil profile (mm).

Water use efficiency (WUE) was defined as follows 20721

WUE = Y/ET (7)
WUE; = Y/I (8)

where Y (kg ha™") is the grain yield and ET (mm) is the crop ET (total water consumption) over the oil flax growing season, | is
the irrigation amount.

2.6. Data analysis

The data were analyzed using the SPSS package (SPSS, 20.0 software, Inc., Chicago, IL) with replication as a random
influence, and irrigation and N fertilizer rates as fixed effects. The significance between treatments was tested using Tukey's

Page 4/19



and LSD tests. All significant differences were declared at the 0.05 probability level.

Results
Weather conditions

There was a large variation in rainfall between the two years, with more than half of the annual rainfall from July to
September (Fig. 1A), the maximum monthly mean rainfall occurred in July 2017 and August 2018, respectively. Compared
with the long-term average of 377 mm (1981-2010), the annual rainfall was higher in 2017 (407.4 mm) and 2018 (481.1
mm). Compared with the yearly average fallow rainfall (99.1 mm), the fallow rainfall was higher in 2017 (109.9 mm) and
2018 (120.2 mm). The seasonal rainfall in 2017 was similar to the yearly average, but it was higher in 2018 (360.9 mm). The
annual rainfall during the wetter growing season (2018) was higher by 23% than the long-term average (1981-2010).
Minimum temperatures occurred in January each year during the growing season while maximum temperatures occurred at
the young fruit stage in each growing season (Fig. 1B).

Soil water storage

There was no significant difference in soil water storage (SWS) among the NO, N60 and N120 treatments before sowing in
2017 (Figure 2a,c), but they were significantly varied by nitrogen (N) and irrigation treatments (Figure 2b,d) before sowing and
after harvest in 2018. The SWS of treatment 10 was significantly lower than that of treatment 11200 and 11800 after harvest in
2017 (Figure 2c). The SWS of N60 treatment was significantly increased by 10.26% and 17.83%, respectively, compared to NO
and N120 treatments after harvest in 2018. In addition, SWS was increased with increas of irrigation rate. Compared with 10
treatment, SWS was increased by 14.32% and 19.23% in 11200 and 11800 treatments, respectively, before oilseed flax sowing.
SWS was affected by interaction between irrigation and nitrogen levels, significantly, at the postharvest stage in 2018 (Figure
2d). There was highest SWS in 11800N60 treatment and lowest SWS in ION120 treatment.

Evapotranspiration, soil water depletion and soil water balance

Precipitation storage efficiency (PSE) was significantly varied by irrigation and nitrogen levels (Figure 3). Compared with NO
treatment in 2017, the PSE in N60 and N120 treatment was increased by 12.85% and 26.86%, respectively. In 2018, PSE of
different irrigation treatments was showed 11800>10>11200, while under different nitrogen treatments was showed
N120>N60>N0. The IT800N120 treatment had the highest PSE, followed by the I1T800N60, ION60 and 11800N0 treatments.
The PSE in 1800N120 treatment was increased by 13.55% compared to the IONO treatment in 2018.

The soil water components in the 0-160 cm soil depth was significantly influenced by irrigation and nitrogen levels (Table 1).
The SWCs, SWCh, ASWCg, ETg and ASWCy were increased with the increasing of irrigation amount, and the ETf was
reduced. Averaged across the 2 yrs., compared with the |0 treatment, the SWCs, SWCh, ETg, and ASWCy was increased by
9.36%, 17.02%, 56.46%, and 58.81% respectively, in 11800 treatment. However, compared with |0 treatment, the ETf of 11800
treatment was decreased by 45.05% in 2018. ASWCT, ETf, ASWCg, ETg, and ASWCy were significantly affected by nitrogen
rate. Averaged across the 2 yrs., the SWCs, ASWCf and ETg in the N120 treatment was 4.43%, 16.42%, and 2.14%higher than
that in NO treatment, respectively. Conversely, the N120 treatment was decreased SWCh, ASWCg and ASWCy by 0.74%,
55.12% and 12.83%, respectively, compared with NO treatment on an average of two years. The interaction effect of irrigation
and nitrogen levels significantly affected SWCh, ETf, ASWCg, ETg and ASWCy in 0-160 cm soil depth (Table 1). Compared
with the IONO treatment, the SWCs, SWCh, ASWCf, ETg and ASWCy was increased by 18.74%, 15.37%, 18.76%, 42.73% and
7.88%, respectively, under IT800N60 treatment in 2018.
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Table 1

Effects of different irrigation levels and nitrogen levels on soil water balance components (soil-water storage at previous
harvest - SWCph, soil-water storage at harvest - SWCh, soil-water storage at sowing - SWCs, the change in soil-water storage
during the fallow period - ASWCT, the change in soil-water storage during the growing season - ASWCg, the change in soil-
water storage during the whole year - ASWCy, the evapotranspiration during the fallow period - ETf, the evapotranspiration
during the growing season - ETg) in the 0 - 160 cm soil depth at Dingxi station, China.

Growing | N SWCph SWCs SWCh Fallow period Growing period ASWCy
seasons mm mm mm ASWCf  ETf ASWCg ETg (mm)
(mm) (mm) (mm) (mm)

2017 10 NO 202.81 234.66a 182.13c 31.85b 78.05a -52.54d 350.04c -20.68f
N60 238.75a  188.20c 35.94ab  73.96a -46.47¢ 343.97c -14.67e

N120 243.22a 195.13c 40.41a 69.49ab  -39.53c 337.03c -7.68d

11200 NO 234.66 225.22ab  31.85 78.05 -13.54ab  431.04b 22.41b

N60 238.75 229.94a 35.94 73.96 -8.82a 426.32b 27.13a

N120 243.22 228.61a 40.41 69.49 -10.14a 427.64b 25.80a

11800 NO 234.66 217.46b 31.85 78.05 -25.76b 503.26a 14.65¢c

N60 238.75 22411ab 3594 73.96 -19.11b 496.61a 21.30b

N120 243.22 228.91a 40.41 69.49 -14.31ab  491.81a 26.10a

2018 0] NO 182.13  219.54e 274.85d 37.41bc 103.47a 55.31b 242.19¢g 92.72d

N60 188.20 229.54d 303.05c 41.34b 93.47b 73.51a 223.99h 114.85a
N120 19513  230.08d 257.19e 34.94c 92.93b 27.11d 270.39f 62.06g
11200 NO 22522  255.06c 313.79b 29.84c 67.95c 58.73b 358.77e 88.57d
N60 22994 261.66c  313.44b 31.72¢ 61.35d 51.78b 365.72de  83.50e
N120 228.61 259.70c  300.06¢ 31.08c 63.31cd  40.37c 377.13d 71.45f
11800 NO 21746  258.39c 325.75a 40.93b 64.62cd  67.35a 410.15¢ 108.29b
N60 22411  270.16b  324.76a 46.05ab  52.85e 54.60b 422.90b 100.65¢c
N120 22891 281.20a 317.89 52.29a 41.81e 36.69¢ 440.81a 88.98d

ab

F-Values

| - * ns * * * *%* *%
N - ns ns * *% * * *%
IXN - ns * ns * * * *x
Y - ns *% ns ns *% *%* *%
Y x| - - * - - * * **
YxN - ns ns ns * * * *
YxIxN - - ns - - * * *
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Growing | N SWCph SWCs SWCh Fallow period Growing period ASWCy
seasons
mm mm mm ASWCf  ETf ASWCg ETg (mm)
(mm) (mm) (mm) (mm)

Note: 10, no irrigation; 11200, irrigation 1200 m3 ha™"; 11800, irrigation 1800 m? ha™"; NO, no nitrogen; N60, 60 kg N ha™';
N120, 120 kg N ha™'. |, irrigation; N, nitrogen; Y, year. * means a significant difference at 0.05 probability level; ** means
significant difference at 0.01 probability level; ns means no significant difference at 0.05 probability level. Mean values
with different letters within column under the same growing season are significantly different from each other at 0.05
probabily level.

Biomass accumulation and grain yield The interaction of irrigation and nitrogen levels significantly affected the dry matter
accumulation (DMA) of oilseed flax from budding stage to maturity (Figure 4). DMA increased linearly from seedling stage to
maturity stage. The DMA under different irrigation treatments was showed that 11800> 11200> 10, while under different
nitrogen levels was showed that N60> N120> NO during the growth stage of oilseed flax. Compared to the IONO treatment, the
I1800N60 treatment improved DMA of oilseed flax 36.96% and 38.68% at budding, 52.25% and 82.78% at anthesis, 50.07%
and 37.39% at kernel stage, 79.73% and 77.58% at maturity in 2017 and 2018, respectively.

The interaction of irrigation and nitrogen significantly affected the number of effective capsules per plant (EC), number of
seeds per pod (SN) and seed yield (Table 2). In 2017, EC varied from 17.9 to 25.6 per plant, SN per pod from 6.7 to 8.0 and
grain yield from 913.8 to 1535.8 kg ha™', while in 2018, EC varied from from 9.1 to 13.8 per plant, SN per pod from 6.5 to 7.5
and grain yield from 1044.0 to 1203.0 kg ha™". EC, SN and grain yield in 2017 were increased by 45.0%, 2.2% and 13.7%,
respectively, compared to 2018. Grain yield increased with increasing irrigation in both season. The N120 treatment had the
highest grain yield in 2017, while the N60 treatment produced the optimum grain yield in 2018. The NO treatment had the
least grain yield in both seasons. Compared to the control (IONO), the IT800N60 treatment increased EC (29.9%), SN (6.3%),
and grain yield (40.9%) in 2017. However, 1000-grain weight was not significantly varied under different irrigation and
nitrogen treatments in both seasons (Table 2).
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Table 2
Effects of irrigation and nitrogen levels on yield and yield components of oilseed flax

Treatment 2017 2018
Effective Grain 1000 Grain Effective Grain 1000 Grain yield
capsule number grain yield capsule number grain
number pod™’ weight number pod™’ weight  (kgha™)
plant™! () (kgha™)  plant™ @
10 NO 17.93d 7.40b 5.58b 913.79f 9.13f 7.10ab 7.88ab 1044.00c
N60 19.67c 6.73e 5.77ab 1006.50e 12.27c 7.10ab 7.45b 1069.67c
N120 22.33b 6.80 de 5.57b 1224.61d 12.20c 7.30a 7.97a 1097.00c
11,00 NO 20.57c 7.27bc 5.40b 1339.17¢ 13.13b 6.53c 8.00a 1087.67¢c
N60 22.17b 8.03a 6.28a 1424.71b 10.43e 7.10ab 7.53ab 1165.67 b
N120 23.03b 7.00bcde 5.98ab 1467.07b 11.63d 7.53a 7.43b 1153.33b
1,500 NO 16.87d 6.87cde 5.50b 1424.71b  11.90cd 7.37a 7.75ab 1152.33b
N60 25.57a 7.90a 5.83ab 1545.42a 13.77a 7.07abc 7.83ab 1281.67a
N120  22.50b 7.20bcd 5.72ab 1535.77a 10.37e 6.67bc 7.88ab 1203.00ab
| * *x ns *kk * * ns *kx
N Hokx * ns *% * * ns *x
IxN *x * ns * *xk * ns *

Note: 10, no irrigation; 11200, irrigation 1200 m3 ha™"; 11800, irrigation 1800 m? ha™"; NO, no nitrogen; N60, 60 kg N ha™';

N120, 120 kg N ha™". |, irrigation; N, nitrogen. * means a significant difference at 0.05 probability level; ** means
significant difference at 0.01 probability level; ns means no significant difference at 0.05 probability level. Mean values
with different letters within column are significantly different from each other at 0.05 probabily level .

HI, WUE, ANUE and NPFP

Water use efficiency (WUE), irrigation use efficiency (WUEI), agronomic nitrogen use efficiency (ANUE) and nitrogen partial
factor productivity (NPFP) were significantly varied under the different interaction of irrigation and nitrogen levels (Table 3).
The main effect of irrigation levels did not significantly affect ANUE and NPFP, while nitrogen levels had an insignificant
effect on WUEI. The WUE varied from 4.52 to 6.12, WUEI from 7.92 to 12.23, ANUE from 0.93 to 2.59 and NPFP from12.80 to
25.76 in 2017, while WUE varied from 4.57 to 22.91, WUEI from 6.40 to 9.71, ANUE from 0.42 to 2.16 and NPFP from 9.14 to
21.36 in 2018. The content of WUEI, ANUE, and NPFP were increased by 19.44%, 44.68%, and 13.92% in 2017, respectively,
compared to those in 2018. The WUE in 2018 was higher by 38.74% than in 2017. I0N120 and ION60 treatments had the
highest WUE in 2 growth seasons of oilseed flax. The highest WUEI was recorded under the 11200N120 treatment (12.23) in
2017 and under the 11200N60 treatment (9.71) in 2018. The IT800N60 treatment had the highest ANUE and NPFP values in
both seasons, while the IT800N120 and ION120 treatments had the lowest ANUE and NPFP values, respectively. Only the
main effect of nitrogen levels significantly affected the harvest index (HI). HI varied from 0.36 to 0.59 in 2017 and 0.36 to
0.57 in 2018. HI followed the trend of NO>N120>N60. Compared to the NO treatment, the N60 treatment reduced HI by 18.80%
in 2017 and 21.21% in 2018, respecitivily.
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Table 3

Effects of irrigation and nitrogen levels on harvest index (Hl), water use efficiency (WUE), irrigation use efficiency (WUEI),
nitrogen agronomy use efficiency (ANUE) and nitrogen partial factor productivity (NPFP) of oilseed flax.

Growing Seasons Irrigation Rate Nitrogen HI WUE WUEI ANUE NPFP
Rate
2017 [0] NO 0.49c 5.36¢d - - -
N60 0.36d 6.12b - 1.55¢ 16.78bc
N120 0.51bc 7.77a - 2.59a 10.21¢c
11200 NO 0.57ab 5.41bcd 11.16a
N60 0.48c 5.87bc 11.87a 1.43c 23.75a
N120 0.49c 6.01bc 12.23a 1.07d 12.23c
11800 NO 0.59a 4.52e 7.92b - -
N60 0.46¢ 5.01de 8.59b 2.01b 25.76a
N120 0.51bc 5.06de 8.53b 0.93d 12.80c
2018 10 NO 0.51a 16.09b - - -
N60 0.36b 2291a - 0.43c 17.83a
N120 0.39ab 11.78c — 0.44c 9.14b
11200 NO 0.40ab 5.99de 9.06a - -
N60 0.37b 6.19d 9.71a 1.30b 19.43a
N120 0.40ab 5.77de 9.61a 0.55¢c 9.61b
11800 NO 0.42ab 4.95f 6.40b - -
N60 0.35b 5.22¢f 7.12b 2.16a 21.36a
N120 0.40ab 4.57f 6.68b 0.42c 10.03b
[ ns * * ns ns
N *% *k ns *k *k
IxN ns *k * * *
% *k *k * * ns
Yx| * *k ns ns ns
YxN ns *k ns * *
YxIxN ns * ns ns ns

Note: 10, no irrigation; 11200, irrigation 1200 m3 ha™"; 11800, irrigation 1800 m? ha™"; NO, no nitrogen; N60, 60 kg N ha™";

N120, 120 kg N ha™'. |, irrigation; N, nitrogen; Y, year. * means a significant difference at 0.05 probability level; ** means
significant difference at 0.01 probability level; ns means no significant difference at 0.05 probability level.

Correlation analysis

The relationship between grain yield and soil water balance components of oilseed flax was showed in Table 4. Grain yield
showed positive and highly significant correlation with PSE (r = 0.856), SWCs (r = 0.935), Etg (r = 0.853) and SWCy (r = 0.935)
Page 9/19



in 2017; however, grain yield correlated negatively and non-significantly with ETf (r = -0.348), WUE (r = -0.322) and ANUE (r =
-0.345). In 2018, grain yield showed positive and significant correlation with ANUE (r = 0.834); however, it was negatively
correlated with ETf (r = 0.527), WUE (r = -0.535), HI (r =-0.515) and SWCh (r = -0.048).

Table 4

Correlation analysis between grain yeild and soil water balance components( precipitation storage efficiency - PSE, the
soil water content at harvest - SWCh, the change in soil-water storage during the fallow season - SWCf, the amount of
evapotranspiration at fallow season - ETf, the change in soil-water storage during the growing season - SWCg, the
amount of evapotranspiration during the growing season - ETg, the change in soil-water storage during the whole year
- ASWCy, harvest index — HI and water use efficiency - WUE) measured in 2017 and 2018 for oilseed flax grown in
various irrigation and nitrogen levels systems at Dingxi station, China.

Year PSE SWCs SWCh  SWCf ETf SWCg ETg ASWCy HI WUE ANUE

2017 (g5~ 0.348 0935 0348 -0.348 0.443 0.853™ 00935 0.394 -0.322 -0.345

2018 0.6 0167 -0.048 0214 -0527 -0.001 0493 0287 -0515 -0.535 (g3s*

* significant at P<0.05; ™, significant at P<0.01.

Discussion
Soil water storage

Agro-ecosystem was fragile due to inadequate water resource in arid and semi-arid regions. Farmers often apply over-
irrigation and nitrogen fertilizer to achieve high-yield production 2. Consequently, a large amount of nitrogen fertilizer either
remains in the soil profile or leaches into groundwater, which can lead to a battery of environmental problems. Therefore,
water and nitrogen coupling plays an important role in the sustainable development of agriculture in the arid and semi-arid
areas. Water and nitrogen were important inputs for agricultural performance of oilseed flax. The change of soil water
storage was the balance of irrigation, precipitation, evaporation, percolation and root uptake 22, but most of the annual
precipitation in the arid and semi-arid regions usually falls in autumn, and rainwater retention in autumn fallow was very
important for crop production in the dryland 23. Soil water storage during sowing is very importance for germination and
seedling establishment °. This study found that nitrogen rates had no significant effect on soil water storage before sowing;
however, irrigation 1200 m® ha™" and 1800 m® ha™" treatments significantly improved soil water storage before sowing
compared to 10, which concurs with previous studies 24. This was because irrigation directly increases soil water content 25,
especially increases soil water storage under irrigation in dry periods compared to no irrigation. Our result is contradiction
with that of Ren et al. (2019) 23, who reported that nitrogen significantly affects soil water storage. The discrepancy between
the previous study and our study may be attributed to the use of plastic mulch.

Precipitation storage efficiency and soil water balance

Precipitation storage efficiency (PSE) is generally used to determine how much rainfall can be restored to the soil during the
fallow period ?°. Shangguan (2002) 2 found that the PSE of Loess Plateau is about 30-35%. In this study, the value of PSE is
24.83 - 43.50%. Although there was abundant rainfall during fallow, the high evaporation loss from the soil surface could not
store enough water for the growth of crops from seedling stage to maturity stage. Therefore, high evaporation during the
fallow period and throughout the winter severely limited crop yield and water use efficiency '3. The PSE initially increased and
then decreased with the increase of N fertilizer rate under 10 and 11200 treatments. However, PSE increased with increasing N
fertilizer rate under 11800 treatment in 2018, probably as a result of soil water limiting the promoting effect of nitrogen
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fertilizer on PSE. Under no or medium irrigation conditions, N120 reduced PSE, while under the conditions of high irrigation
and high nitrogen, the coupling effect of irrigation and nitrogen was fully played out, promoting precipitation storage in the
fallow period and improving PSE.

The ASWCT increased with increasing N fertilizer rate in 2017 and increased under high irrigation (11800) in 2018, but first
increased and then decreased with increasing N fertilizer rate under 10 and 11200 treatments. This was probably because N
applications (N60) increased water uptake and resulted in severe soil water depletion during the growing season under 11200
treatment, while high irrigation (11800) met crop requirements. The ASWC; initially decreased and then increased with the
increase of irrigation amount under the same nitrogen levels in 2018. In the arid and semi-arid regions, water for
evapotranspiration (ET) comes partly from pre-sowing and partly from soil water storage of growing-season precipitation
20.26 in addition, partly from irrigation in the irrigated areas. Since ET during the fallow period (ETf) is simply a loss of the
crop production system, ETg should generally be maximized and ETf minimized 2°. In this study, increasing nitrogen
application and irrigation level resulted in lower lower ETf but higher ETg compared to NO and 10 in 2018, suggesting that
under the high irrigation and nitrogen treatments, more of the rainfall was used for ET and less was lost during the fallow
(Table 1). Correlation analysis showed a significant positive correlation between pre-sowing SWS and grain yield, which could
be attributed to precipitation and irrigation during the maize growing seasons, and wheat yield was significantly affected by
precipitation 2’. In the present study, a significant positive relationship was found between grain yield and both PSE and
ASWCy, confirming that grain yield of oilseed flax not only related to rainfall, but also to the change in soil water storage.

Biomass accumulation and grain yield

Aboveground biomass accumulation is the basis for yield formation °. Irrigation regime significantly affected the biomass
yield and increased dry matter accumulation after anthesis compared with no irrigation, but over-irrigation significantly
reduced the photosynthate and grain yield 2872°_ Nitrogen fertilizer application increased dry matter accumulation and
nitrogen in rapeseed at different growth stages 3°; however, excessive N application reduced the dry biomass accumulation
rate of plant 31. Wang et al. (2018) © found that irrigation can promote plants’ ability to absorb nutrients and fertilizer use
efficiency. This study found that coupling of irrigation and nitrogen fertilizer management increased dry matter accumulation
amount of oilseed flax, which is consistent with trevious studies 32732, In this study, biomass accumulation showed an
obvious upward trend with the increase of water and nitrogen input, but once the water and nitrogen input exceeded a certain
threshold, it resulted in a significant decrease, which was consistent with previous studies 3*. Treatment 11800 provided high
quantity conditions for growth of oilseed flax, with the highest dry matter accumulation. With the increase of nitrogen
application, the dry matter accumulation also increased significantly, but when nitrogen application reached the N120 level,
dry matter accumulation began to decline, indicating that there was an upper limit of nitrogen requirement for oilseed flax
growth. Only adequate water and nitrogen input resulted in high yield, which concurs with Li et al. (2019) 3.

Grain yield is strongly influenced by irrigation amount and nitrogen application rate as well as other agronomic measures
9.36-38 The crop yields were significantly affected by irrigation frequency and nitrogen application rate, and grain yields were
lowest in the non-irrigated and no-nitrogen treatment, and tended to increase with increasing irrigation frequency and nitrogen
application rate 3°749. In our study, within a certain range of water and nitrogen inputs, oilseed yield increased with increasing
irrigation and nitrogen, but yield decreased when irrigation and nitrogen exceeded a certain threshold. Therefore, high crop
yields could be obtained with adequate irrigation and nitrogen inputs, which was consistent with previous findings 4. High
biomass accumulation under IT800N60 improved the number of effective capsules per plant and the number of seeds per
pod, which in turn increased grain yield (Figure 4 and Table 4).

Harvest index, waer use efficiency, irrigation water use efficiency,
nitrogen agronomy utilization efficiency and nitrogen partial factor
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productivity

Previous studies have showed that crop harvest index (HI) was susceptible to deficit irrigation in arid regions, and severe
water stress dramatically reduced HI %2, in addition, nitrogen fertilizer had a significant effect on HI; however, the effect
between irrigation and nitrogen did not affected HI #3. In the current study, the interaction between irrigation and nitrogen did
not significantly affect HI, however, nitrogen rate decreased HI under irrigation condition. There are two reasons for this
phenomenon; on the one hand, irrigation and nitrogen increased the lodging of oilseed flax, which significantly affects grain
yield and consequently decreased HI. On the other hand, irrigation and nitrogen application caused unfavorable-delayed
senescence, which also affected the yield of oilseed flax and resulted in lower HI.

Improving water productivity in grain production is critical for maintaining food supply in regions with water scarcity 44, and
appropriate irrigation and nitrogen application are helpful to improve water use efficiency '3. Previous studies have showed
that WUE was not affected by irrigation rate, but a decrease in nitrogen application rate resulted in a decrease in WUE at all
irrigated treatments #°. Our results showed that WUE decreased with increase of irrigation amount, which concurs with Zhai et
al. (2017) #6. The previous studies have shown that adequate N supply was useful to improve WUE 2. In this study, nitrogen
application was found to significantly affect WUE under no-irrigation level, but there was no significant difference under
irrigation levels in 2017, which may be related to water pressure. Previous studies have found that moderate water deficit in a
certain period is beneficial for improving WUE #/. But WUE increased with the increase of nitrogen application under the same
irrigation level in 2018, which was mainly because excessive water and nitrogen increased lodging, reduced grain yield and
resulted in lower WUE. Researchers have proved that deficit irrigation has a positive impact on WUEI in arid regions 8, and
our results also showed that 11200 increased by 40.89% (2017) and 40.36% (2018) compared to 11800.

Adequate amount of nitrogen fertilizer can achieve higher nitrogen use efficiency even at low irrigation level 4°. Agronomic
use efficiency decreased with the increase of irrigation amount and nitrogen application rate, while partial productivity
increased with the increase of irrigation amount, and decreased with the increase of nitrogen application rate 2. In our study,
irrigation or no-irrigation significantly affected the agronomic use efficiency of nitrogen, NAUE first increased and then
decreased with the increase of nitrogen rate under irrigation, but increased with the increase of nitrogen rate under no
irrigation. Nitrogen partial factor productivity (NPFP) is a comprehensive indicator of local nitrogen and soil nutrient levels.
Our results showed that nitrogen had a highly significant effect on NPFP. The interaction of year and nitrogen, irrigation and
nitrogen had a significant effect on NPFP (Table 3). The NPFP decreased with the increase of nitrogen rate at the same
irrigation level. Numerous studies have showed that reducing nitrogen application can improve nitrogen fertilizer use
efficiency, while excessive nitrogen application decreases nitrogen use efficiency 22. Some previous studies reported that
grain yield is significantly related to N uptake and utilization %, and NPFP is significantly and positively correlated with crop
yield ®1. Our correlation analysis also revealed a significant or highly significant and positive correlation between grain yield
and NAUE and NPFP in 2018, indicating that high yield and high nitrogen efficiency are possible under certain conditions.

Conclusions

As shown in this study, it was difficult to achieve maximum grain yield, water use efficiency and partial factor productivity
simultaneously. Precipitation storage efficiency (PSE) varied from irrigation amount and nitrogen rates, irrigation and nitrogen
application improved PSE. The change of soil water storage throughout the year (ASWCy) increased with the increase of
irrigation volume at higher nitrogen level (N120). Irrigation increased the grain yield at the same nitrogen level, while high
nitrogen application (N120) reduced the grain yield at high irrigation level (11200). The treatment of 11200 produced the
highest WUEI, while I11800N60 treatment produced the highest NPFP of oilseed flax. Grain yield positively correlated with PSE,
NPFP, and NAUE, but negatively correlated with ETf. When only grain yield is considered, 1800 m3/ha irrigation water is
recommended. When only water use efficiency is considered, 1200 m3/ha irrigation water is recommended for growing
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oilseed flax. The results of this study have great significance for the scientific management of irrigation and fertilization in
oilseed flax fields in semi-arid area of China.

Declarations
Author contributions

Y.G., B. W. conceptualized the study, and J. N. Data were curated by B.Y., Y. W., H. W,, J.M,, K.Y. and Data were investigated by
P X, B.Z.,and Z. C. The project was administered by J. Z., Y. G, and Y. X. The original draft was written by Z. C. The original
draft was reviewed and edited by Z. C., and Y.G. All authors read and approved the manuscript.

Acknowledgements

This research was supported by Research Program Sponsored by Gansu Provincial Key Laboratory of Aridland Crop Science,
Gansu Agricultural University (SCS-2020-10), China Agriculture Research System of MOF and MARA (CARS-14-1-16), the
Fuxi Outstanding Talent Cultivation Plan of Gansu Agriculture University (Gaufx-02J05), and the National Natural Science
Foundation of China (31660368, 31760363 and 32060437).

Competing interests

We declare that we have no commercial or associative interest that consttute a conflict of interest in relation to the submitted
work. Meanwhile, the experimental research and field studies on L. Linum usitatissimum (either cultivated or wild) in present
study, including the collection of plant material, were complied with crop science experiment guidelines of Gansu Agricultural
University.

References

1. Cattivelli, L. et al. Drought tolerance improvement in crop plants: an integrated view from breeding to genomics. Field
Crops Res, 105, 1-4 (2008).

2. Shangguan, Z., Shao, M., Lei, T. & Fan, T. Runoff water management technologies for dryland agriculture on the Loess.
Int. J. Sustain. Dev. World Ecol, 9, 341-350 (2002).

3. Xie, J. H. et al. Subsoiling increases grain yield, water use efficiency, and economic return of maize under a fully mulched
ridge-furrow system in a semiarid environment in China. Soil & Till Res, 199, 104584
https://doi.org/10.1016/j.still.2020.104584 (2020).

4.Guo, Z. J., Zhang, Y. L., Zhao, J. Y., Shi, Y. & Yu, Z. W. Nitrogen use by winter wheat and changes in soil nitrate nitrogen
levels with supplemental irrigation based on measurement of moisture content in various soil layers. Field Crops Res,
164, 117-125 (2014).

5. Mehdi Barzegari, A. R. Sepaskhah,Seyed Hamid Ahmadi. Irrigation and nitrogen managements affect nitrogen leaching
and root yield of sugar beet. Nutr Cycl Agroecosyst, 108,211-230 (2017).

6. Wang, H. D. et al. Coupling effects of water and fertilizer on yield, water and fertilizer use efficiency of drip-fertigated
cotton in northern Xinjiang, China. Field Crops Res, 219,169-179 (2018).

7.Wang, Y. S, Baldur, J., Tine, E. & Andreas, D. N. Effect of irrigation regimes and nitrogen rates on water use efficiency and
nitrogen uptake in maize. Agr Water Manage, 179, 271-276 (2017).

8. Tan, X. Z. Field analysis of water and nitrogen fate in lowland paddy fields under different water managements using
HYDRUS-1D. Agr Water Manage, 150, 67-80 (2015).

Page 13/19



10.

11

12.

13.

14.
15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

. Peng, Z. K. et al. Conservation tillage increases yield and precipitation use efficiency of wheat on the semi-arid Loess

Plateau of China. Agr Water Manage, 231, 106024 https://doi.org/10.1016/j.agwat.2020.106024 (2020).

Zhang, Z., Xu, P, Zhou, X. G. & Dong, B. D. Advance in genetic improvement of water use efficiency in crops. Sci. Agric.
Sin, 39, 289-294 (2006).

. Bennie, A. & Hensley, M. Maximizing precipitation utilization in dryland agriculture in South Africa—a review. 241,124~

139(2001).

Wang, X., Shi, Y., Guo, Z. J., Zhang, Y. L. & Yu, Z. W. Water use and soil nitrate nitrogen changes under supplemental
irrigation with nitrogen application rate in wheat field. Field Crops Res, 183, 117-125 (2015).

Wang, L. L., Jairo, A. P, Chen, W.,, Chen, Y. L. & Deng, X. P. Nitrogen fertilization improved water-use efficiency of winter
wheat through increasing water use during vegetative rather than grain filling. Agr Water Manage, 197, 41-53 (2018).
Adam, K. T. et al. Remote sensing of nitrogen and water stress in wheat. Field Crops Res, 104 (1), 77-85 (2007).

Albina, K., Jeremy, J. J. & Rebecca, E. D. Impacts of drought on plant water relations and nitrogen nutrition in dryland
perennial grasses. Plant Soil, 372, 541-552 (2013).

Muhammad, H. S. et al. Flax (Linum usitatissimum L.): A Potential Candidate for Phytoremediation? Biological and
Economical Points of View. Plants, 9, 2-16 (2020).

Dordas, C. A. Variation of physiological determinants of yield in linseed in response to nitrogen fertilization. /nd Crop
Prod, 31, 455-465 (2010).

Turner, T. D. et al. Flaxseed fed pork: N-3 fatty acid enrichment and contribution to dietary recommendations. Meat Sci, 96
(1), 541-547 (2014).

Paul, R. M. et al. Optimizing water and nitrogen application for neglected horticultural species in tropical sub-humid
climate areas: A case of African eggplant (Solanum aethiopicum L.). Sci Hortic, 276, 109756
https://doi.org/10.1016/j.scienta.2020.109756 (2021).

Wang, J., Liu, W. & Dang, T. H. Responses of soil water balance and precipitation storage efficiency to increased fertilizer
application in winter wheat. Plant and Soil, 347((1-2)), 41-51 (2011).

Zhou, Q. et al. Grain yield and water use efciency of super rice under soil water defcit and alternate wetting and drying
irrigation. J Int Agric, 16 (5), 1028-1043 (2017).

Li, C. J. et al. Effect of irrigation and fertilization regimes on grain yield, water and nitrogen productivity of mulching
cultivated maize (Zea mays L.) in the Hetao Irrigation District of China. Agr Water Manage, 232, 106065
https://doi.org/10.1016/j.agwat.2020.106065 (2020).

Ren, A. X. et al. Spatio-temporal dynamics in soil water storage reveals effects of nitrogen inputs on soil water
consumption at different growth stages of winter wheat. Agr Water Manage, 216, 379-389 (2019).

Cui, Z. J. et al. Effect of water and nitrogen coupling on spatial and temporal distribution of Soil water and water
consumption characteristic and grain yield of oil flax. Acta Agr Nucl Sin, 33 (2), 0398-0411 (2019).)

Zheng, C. H,, Wang, R. S., Zhou, X,, Li, C. N. & Dou, X. Y. Effects of mulch and irrigation regimes on water distribution and
root competition in an apple—soybean intercropping system in Loess Plateau, China. Agr Water Manage, 246, 106656
https://doi.org/10.1016/J.AGWAT.2020.106656 (2021).

Huang, M. B, Dang, T. H., Gallichand, J. & Goulet, M. Effect of increased fertilizer applications to wheat crop on soil-water
depletion in the Loess Plateau, China. Agric Water Manag, 58, 267—-278 (2003).

Liu, W. X. et al. Irrigation and nitrogen regimes promote the use of soil water and nitrate nitrogen from deep soil layers by
Regulating Root Growth in Wheat. Front Plant Sci, 9 (32), 1-13 (2018).

Hamoud, Y. A. et al. Effects of irrigation regime and soil clay content and their interaction on the biological yield, nitrogen
uptake and nitrogen-use efficiency of rice grown in southern China. Agr Water Manage, 213, 934-946 (2019).

Cui,H. Y, Hu,F. L, Fang, Z. S. & Niu, J. Y. Effect of irrigation amount and stage on water consumption characteristics and
grain yield of oil flax. Acta Agrc Nucl Sin, 29 (4),0812-0819 (2015).

Page 14/19



30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Men, S. N. et al. Effects of supplemental nitrogen application on physiological characteristics, dry matter and nitrogen
accumulation of winter rapeseed (Brassica napus L.) under waterlogging stress. Sci Rep, 10 (9), 555-570 (2020).
Zhang, Q. X. et al. Perspective on oil flax yield and dry biomass with reduced nitrogen supply. Oil Crop Science, 5 (02),
69-73 (2020).

Zhao, C. et al. Effects of water-nitrogen coupling patterns on dry matter accumulation and yield of wheat under no-tillage
with previous plastic mulched maize. Acta Agron Sin, 44 (11), 1694-1703 (2018).

Wei, T. B., Chai, Q., Wang, W. M. & Wang, J. Q. Effects of coupling of irrigation and nitrogen application as well as
planting density on photosynthesis and dry matter accumulation characteristics of maize in oasis irrigated areas. Sci
Agrc Sin, 52 (3), 428-444 (2019).

Wu, L. et al. Effects of water and fertilizer coupling on cotton yield, net benefits and water use efficiency. Trans Chin Soc
Agric Mach, 46 (12), 164-172 (2015).

Li, X. X, Liu, H. G., He, X. L., Gong, P. & Lin, E. Water—nitrogen coupling and multi-objective optimization of cotton under
mulched drip irrigation in arid northwest china. Agr, 9 (12), 120894 https://doi.org/10.3390/agronomy9120894 (2019).
Dai, J. et al. Manipulation of dry matter accumulation and partitioning with plant density in relation to yield stability of
cotton under intensive management. Field Crops Res, 180, 207-215 (2015).

Wang, X,, Li, Z. & Xing, Y. Effects of mulching and nitrogen on soil temperature water content, nitrate-n content and maize
yield in the Loess Plateau of China. Agr Water Manag, 161, 53-64 (2015).

Zhang, D. et al. Effects of deficit irrigation and plant density on the growth: yield and fiber quality of irrigated cotton. Fiela
Crops Res, 197,1-9 (2016).

Jia, D. Y. & He, M. R. Alternate furrow irrigation improves grain yield and nitrogen use efficiency in winter wheat. Agr
Water Manage, 244, 106606 https://doi.org/10.1016/J.AGWAT.2020.106606 (2021).

Xie, Y. P, Wy, B., Niu, J. Y., Sun, F. X. & Song, M. G. Effect of different nitrogen level on nutrients accumulation, transfer
and nitrogen utilization efficiency of dry land oil flax. Chin J Oil Crop Sci, 36 (03), 357-362 (2014).

Zheng, Z.,Ma, F. Y, Mu, Z. X,, Li, J. H. & Yang, H. H. Effects of factors of water and fertilizers under mulch drip irrigation
on cotton canopy structure and yield. Agric Res Arid Areas, 19 (2), 42—-47 (2001).

Qi,D. L., Hu, T. T. & Song, X. Effects of nitrogen application rates and irrigation regimes on grain yield and water use
efficiency of maize under alternate partial root-zone irrigation. J Integr Agr, 19 (11), 2792-2806 (2020).

Madadi Bonab, S., Zehtab Salmasi, S., Ghassemi, K. & Golezani Effect of irrigation and nitrogen fertilizer levels on yield
and yield components of dill (Anethum graveolens L.). Bim/shinasr-i kishavarzi, 5(1),67-74(2015).

Zhang, X. Y. et al. Water productivity improvement in summer maize — A case study in the North China Plain from 1980
10 2019. Agr Water Manage, 247, 106728 https://doi.org/10.1016/j.agwat.2020.106728 (2021).

Aujla, M., Thind, H. & Buttar, G. Cotton yield and water use efficiency at various levels of water and n through drip
irrigation under two methods of planting. Agric Water Manag, 71 (2), 167-179 (2005).

Zhai, C., Zhou, H. P, Xie, F. M. & Zhao, J. Experimental analysis of annual water requirements change of cotton by drip
irrigation under film. Agric Res Arid Areas, 35 (06), 32—-38 (2017).

Wen, L. et al. Effect of water deficit and nitrogen rate on the growth, water and nitrogen use of spring wheat. J Triticeae
Crops, 39 (4), 478-486 (2019).

Mohamed, A., Mattar, T. K, Zin, E. A, Hussein, M. & AlGhobari, A. A. A. Effects of different surface and subsurface drip
irrigation levels on growth traits, tuber yield, and irrigation water use efficiency of potato crop.Irrigation Sci, pp,1-
17(2021).

Deng, Z. et al. Effects of water and nitrogen regulation on the yield and water and nitrogen use efficiency of cotton in
south Xinjiang, northwest China under plastic mulched drip irrigation. Chin J Appl Ecol, 24 (9), 2525-2532 (2013).

Sun, Y. J. et al. The effects of different water and nitrogen managements on yield and nitrogen use efficiency in hybrid
rice of China. Field Crops Res, 127, 85-98 (2012).

Page 15/19



51. Liu, L. et al. Combination of site specific nitrogen management and alternate wetting and drying irrigation increases
grain yield and nitrogen and water use efficiency in super rice. Field Crops Res, 154, 226-235 (2013).

Figures

200

180 - 82017 Growing season
A ®m2018

160 4 B1981-2010 average precipitation |
140 -
120 4 Fllow season

100 1 | |

80

10N

Precipitat
=

A A A A A A A ST AT IA TS A A7

LLLELESELESSIEEES

(P i s O

Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May. June July. Aug

15 =

10 -

Average temparature

5 o

-10
Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May. June July. Aug.

Figure 1

Monthly rainfall (A) and temperature (B) in 2017, 2018 and 1981-2010 at Dinxi station, China. The letters indicate sowing (s),
anthesis (a), kernel (k) and maturity (m). Note: the growth of the oilseed flax was divided into five stages: Seedling, Budding,
Anthesis, Kernel and Mature stages.
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Figure 2

Effects of different irrigation levels (no irrigation (10), 1200 m3 ha-1 (11200) and 1800 m3 ha-1 (12700)) and different nitrogen
levels (no nitrogen (NO), 60 kg N ha-1 (N60) and 120 kg N ha-1 (N120)) on soil water storage in the 0 - 160 cm soil layer
before sowing in 2017 (a) and 2018 (b), and after harvest of spring wheat in 2017 (c) and 2018 (d) at Dingxi station, China.
Bars with different letters within the same growing season are significantly different at 0.05 p level.
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Figure 3

Effects of different irrigation levels and nitrogen levels on precipitation storage efficiency (PSE) during the summer fallow at
Dingxi station, China. We only measured the soil moisture at the beginning of the fallow period so that we only calculated the
PSE under different N rate in 2017. 10, no irrigation; 11200, irrigation 1200 m3 ha-1; 11800, irrigation 1800 m3 ha-1; N0, no
nitrogen; N60, 60 kg N ha-1; N120, 120 kg N ha-1. Bars with different letters within the same growing season are significantly
different from each other at 0.05 probability level.
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Figure 4

Effect of irrigation and nitrogen levels on dry matter accumulation of oilseed flax at different growth stages in 2017 (A) and
2018 (B). 10, no irrigation; 11200, irrigation 1200 m3 ha-1; 11800, irrigation 1800 m3 ha-1; NO, no nitrogen; N60, 60 kg N ha-1;
N120, 120 kg N ha-1. Bars with different letters within the same growing are significantly different from each other at 0.05
probability level.
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