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Abstract. To address the critical challenges of water scarcity and nitrogen over-application in the
arid regions of northwest China, a field experiment was conducted to investigate the impacts of
water-nitrogen interaction on plant growth, yield formation of sunflower under mulched drip irrigation
in arid oasis region of Northwest China. The experiment comprised three irrigation levels (W1:
55-65% of field capacity (FC); W2: 65-75% FC; W3: 75-85% FC) and four nitrogen (N) application
rates (N0: 0 kg ha-¹ control; N1: 120 kg ha-¹; N2: 180 kg ha-¹; N3: 240 kg ha-¹). The results showed
that when comparing W3 to W2, the differences in plant height, stem diameter, and yield at maturity
were not statistically significant. However, under W1 treatment, these three indicators exhibited
significant reductions of 13.07%, 11.79%, and 21.96%, respectively. Furthermore, when the N
application rate exceeds 180 kg ha-1, the increases in plant height, stem diameter, and yield
become negligible; there may even be a declining trend observed. Among all combinations of water
and N treatments, the W3N2 treatment yielded the highest output at 5247.7 kg ha-1. Therefore, to
optimize growth and maximize sunflower yield in the arid oasis regions of northwest China, W3N2
treatment is recommended as an effective combination strategy for sunflower cultivation.
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1. Introduction
Sunflower (Helianthus annuus L.), as a stress-tolerant crop with substantial biomass and

well-developed root systems, exhibits remarkable saline-alkali tolerance, barren soil adaptability,
and drought resistance [1-2]. Its cultivation in arid regions has demonstrated significant advantages
in enhancing grain yield, kernel plumpness, and commercial quality [3]. Owing to its broad regional
adaptability and notable economic value, sunflower cultivation has been progressively expanding in
the Hexi Oasis irrigated area of northwest China in recent years, establishing itself as a
characteristic cash crop for improving agricultural economic returns in this region. This irrigation
district, located in the arid climate zone of northwest China and sustained by meltwater from the
Qilian Mountains, possesses distinct agricultural advantages including pronounced diurnal
temperature variation and relatively high soil fertility, making it a crucial grain and oil production
base in northwestern China [4]. However, water scarcity combined with frequent drought events has
resulted in substantial crop yield losses. More critically, extensive irrigation practices and
imbalanced water-fertilizer management—characterized by excessive groundwater exploitation and
flood irrigation techniques—have led to a complex interplay of issues: water-soil resource wastage,
inefficient water-fertilizer utilization, and soil ecological degradation [5]. These challenges have
severely constrained the sustainable development of regional agriculture [6]. Therefore, rational
allocation of regional land and water resources and optimization of water and fertilizer management
strategies are the inevitable requirements for ensuring sustainable production of oasis agriculture in
northwest China.

Current research on sunflowers predominantly focuses on the individual effects of single factors
on crop growth and yield [7], while limited studies have investigated the synergistic interactions
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between water and N under film drip irrigation conditions in relation to sunflower growth and yield
formation. Therefore, this study aims to examine the effects of varying water and N application
rates on the growth parameters (plant height, stem diameter) and yield formation of sunflowers in
the Hexi Oasis region. The research results will provide a useful theoretical basis for saving water
and fertilizer and increasing yield of sunflower in oasis area of northwest China.

2. Materials and methods
2.1 Study site description

The experiment was conducted at the Yimin Irrigation Experimental Station in Zhangye City,
Northwest China, from April to September 2021. The average elevation of the area is 1970 meters
above sea level, with the highest annual temperature reaching 37.1℃ , and the average annual
temperature being 6℃. The growing season for crops benefits from ample sunshine, with a duration
of approximately 1200 hours. According to meteorological data from 2015 to 2021, the long-term
average annual rainfall in the area is about 200 mm, and the evaporation rate is 1970 mm. The soil
texture at the experimental site is light loam soil with moderate fertility, with a pH of 7.22, a soil
bulk density of 1.46 g cm-3, a field water capacity of 24%, and a groundwater level lower than 20
meters.

2.2 Experimental design
The experiment was designed with a randomized block design, including two factors: irrigation

level and N application rate, comprising a total of 12 water and N treatments with three replicates.
Three soil water gradients were employed: W1 (55%–65% field capacity, FC), W2 (65%–75% FC),
and W3 (75%–85% FC); four N application levels were established: no N (N0), low N (N1, 120 kg
ha–1), medium N (N2, 120 kg ha–1), and high N (N3, 120 kg ha–1). The experimental crop, a
typical local dominant variety "JK601", was sown on May 1, 2021 and harvested on September 18,
2021. The experimental fertilizers were urea (N fertilizer), superphosphate and potassium chloride.
All phosphate fertilizer, potassium fertilizer and 40% N fertilizer were used as base fertilizer, and
were directly sprayed into the experimental field before sowing. The remaining 60% N fertilizer
was applied twice by a fertilizer applicator at the buding stage and flowering stage.

2.3 Measurements and methodologies
2.3.1 Growth indexes

After sunflowers entered the seedling stage, 5 healthy plants were randomly selected from each
plot for labeling, so as to track and measure the growth morphological indexes of sunflowers at the
seedling stage, buding stage, flowering stage and maturity stage. Plant height: The height from the
base to the top of the plant was measured with steel tape (accuracy 1 mm); Stem diameter: using
electronic digital display vernier caliper to measure the diameter of plant stalk.
2.3.2 Grain filling rate

After the sunflowers reached the flowering stage, 15 uniformly grown plants from each plot were
labeled. Seed samples were collected at 7, 14, 21, 28, 35 and 42 days after anthesis. Sampling was
conducted in a fan-shaped pattern from the inner circle to the outer circle of the sunflower head.
Three heads were selected from each plot, and 100-seeds were collected from each head. The
collected seeds were subsequently dried to a constant weight, and the the weight of 100-seeds was
determined.
2.3.3 Yield

After the seeds are mature, the actual weight of each plot is measured and finally converted to
the yield per unit area.
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2.4 Data analysis

Excel 2010 and Origin 2019b were used for data sorting and plotting, respectively. SPSS 19.0
software was used to organize and analyze the data, and one-way analysis of variance (ANOVA)
and two-way analysis of variance were used to evaluate the significance difference.

3. Results
3.1 Plant height

As shown in Fig. 1, irrigation and N application had extremely significant effects on the plant
height of edible sunflower at each growth stage (P<0.01). The interaction of irrigation and N
application (W×N) had significant effects on plant height at each growth stage (P>0.05). In all
water and N treatments, the plant height of W3N3 treatment was the highest at all growth stages and
reached 243.83 cm at maturity stage, respectively. Under the same N application, the plant height of
each growth stage increased with the increase of irrigation level. Compared with the W1 irrigation
level, the plant height at the W2 irrigation level increased by 15.51%, 6.48%, 9.27% and 9.44% at
the seedling, budding, flowering and maturity stages, respectively. Similarly, the height of W3
increased by 18.88%, 10.03%, 14.22% and 15.03%, respectively. Under the same irrigation
conditions, plant height increased first and then tended to be stable with the increase of N
application. In addition, under mild water deficit (W2) and full irrigation (W3) treatment, increasing
N application rate increased plant height, while under moderate water deficit (W1) treatment, high
N application rate (N3) reduced plant height, indicating that excessive N application would inhibit
plant development when plants were subjected to severe drought stress.

Fig. 1 Effects of different water-nitrogen treatments on plant height at different growth stages

3.2 Stem diameter
As shown in Fig. 2, the plant height of sunflower increased first and then decreased with the

progress of growth period. At seedling stage and bud stage, the vegetative growth of plants was
vigorous, and the stem diameter increased rapidly, and the stem diameter growth reached the
maximum at flowering stage. At maturity, the plant begins to senescence, the water in the stem is
gradually lost, and the stem atrophies, resulting in a decrease in stem thickness. The results of
variance analysis showed that irrigation, N application and their interaction had very significant
effects on the plant height of edible sunflower in each growth stage (P<0.01). Among all treatments,
the maximum stem diameter was obtained by W3N2 treatment, which reached 39.88 mm at
flowering stage, respectively, and there was no significant difference compared with W2N2
treatment (P>0.05). From the main effect of irrigation, stem diameter increased with the increase of
irrigation level. The plant height treated with W2 level was significantly increased by 11.11%,
11.02%, 11.37% and 11.40% compared with W1 level (P<0.05), respectively. There was no
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significant difference in plant height between W2 and W3 levels. Under the same irrigation level,
the plant height of two years increased first and then decreased with the increase of nitrogen
application, and the peak value was obtained under N2 treatment. Taking the flowering stage as an
example, the plant height of W2N3, W2N1 and W2N0 treatment decreased by 2.45%, 9.80% and
19.45%, respectively, compared with that of W2N2 treatment. The plant height of W3N3, W3N1
and W3N0 treatment decreased by 2.89%, 9.72% and 18.65%, respectively, compared with that of
W3N2 treatment.

Fig. 2 Effects of different water-nitrogen treatments on stem diameter at different growth stages

3.3 Sunflower grain filling
Fig. 3 illustrates the dynamic process of grain filling under different irrigation and N application

treatments. After the onset of the grain filling period, the 100-seed weight of sunflowers showed a
rapid increase across all treatments until the 28th day post-anthesis, after which the rate of increase
gradually slowed. Significant differences in 100-grain weight were observed among treatments with
varying irrigation levels and N applications. Specifically, an increase in deficit irrigation levels led
to a significant reduction in hundred-grain weight accumulation. For instance, by the 42nd day
post-anthesis, the hundred-grain weight under the W1 treatment was 7.32% lower than that under
the W3 treatment. Under the same irrigation level, both no N application (N0) and low N
application (N1) significantly reduced the accumulation of hundred-grain weight. From the 7th to
the 42nd day post-anthesis, the growth curves for N0 and N1 consistently remained below those for
N2 and N3; conversely, the accumulation patterns for N2 and N3 were largely similar. For example,
by the 28th day post-anthesis, the 100-grain weight for N0 was 13.77% lower compared to N3.
Similarly, N1 also showed reductions of 8.18% during the same period.

Fig. 3 Dynamic process of grain filling under different water and N treatments

3.4 Yield
As shown in Fig. 4, the effects of irrigation and N application and their interactions on yield

reached a very significant level (P<0.01). Among all treatments, W3N2 treatment had the best yield,
while W1N0 treatment had the lowest yield. In addition, there was a positive correlation between
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yield and irrigation level, namely W1>W2>W3. Compared with W3, the yield of W1 and W2
decreased significantly by 21.97% and 5.10%, respectively. Under the same irrigation level,
sunflower yield increased first and then decreased with the increase of N application. The highest
yield was found at N2 level. Compared with N0, the yield of N1, N2 and N3 treatments increased
by 29.30%, 74.92% and 45.90%, respectively.

Fig. 4 Effects of different water-N treatments on sunflower yield

4. Discussion
Crop growth indicators can effectively respond to plant growth and its adaptability to growing

areas [8]. In agricultural production, efficient irrigation water N application pattern is one of the
important prerequisites for promoting normal plant growth [9]. The results showed that when the
amount of N applied reached a certain level, the plant height and stem diameter did not increase and
even showed a downward trend. Mild water deficit (W2) had no significant effect on growth
indexes, while moderate water deficit (W1) was not conducive to growth. This is consistent with the
results of previous studies. For example, Xie et al. [10] found that the regulation of severe water
deficit led to maize plant dwarfing and weak stress resistance, while mild water deficit had no
significant impact on maize growth and development and dry matter accumulation rate.

Within the range of reasonable application amount of water and N, the grain yield and
components of sunflower can be effectively improved, and the water and N use efficiency can be
improved [11]. In this study, W3N2 treatment had the highest yield; When the N application rate
exceeded 180 kg ha-1, the higher the N application rate, the slower the nutrient accumulation rate of
sunflower plants, which was not conducive to crop yield increase. Our results are consistent with
those of Karam et al. [12], who found that mild water deficit can improve the 1000-grain weight,
dish number, grain yield and oil yield of edible sunflower, because mild water deficit can reduce the
empty bacterial rate of sunflower to compensate for the reduced yield caused by water deficit, and
there is no significant difference in the final yield performance compared with that under adequate
irrigation. Previous comparative experiments found that the impact of water and N coupling on the
growth of sunflower was more significant than that of irrigation or N application alone, and the
yield and net benefit of sunflower would reach the highest when the amount of irrigation and
fertilizer application was close to 80% of the crop water requirement and the amount of
conventional fertilizer application, respectively [14].

5. Conclusions
The coupling of water and N has a significant impact on the plant height, stem diameter, grain

filling, and yield of sunflowers. Overall, increasing irrigation and N application enhances the plant
height, stem diameter, 100-grain weight, and yield. Compared to full irrigation (W3), the
differences in plant height, stem diameter, and yield at maturity under mild water deficit (W2)
treatment were not significant, while these three indicators under moderate water deficit (W1)
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treatment were significantly reduced by 13.07%, 11.79%, and 21.96%, respectively. When the N
application rate exceeds 180 kg ha-1, the increases in plant height, stem diameter, and yield are not
significant, and there may even be a declining trend. Among all water and N treatments, the W3N2
treatment achieved the best yield. Therefore, mild water deficit irrigation (65%-75% FC) combined
with a moderate N application rate (180 kg ha-1) can be recommended as the optimal combination
for sunflower cultivation in the arid oasis regions of northwest China.
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