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Abstract

Object: It aims to provide theoretical support for water-saving and fertiliser-saving, high-yield and high-
efficiency guar bean cultivation technology in the oasis of the arid zone of Northern Xinjiang, and further
promote the sustainable development of oasis agriculture in Xinjiang. This paper explores the effects of
water-nitrogen coupling on soil environment, growth, yield, quality and water and nitrogen use efficiency of
drip-irrigated guar beans in the root zone under the membrane. It proposes the best water and nitrogen
combination model suitable for drip-irrigated guar beans in the oasis of the arid zone of Northern Xinjiang,
and provides a theoretical basis for promoting the high yield, water and nitrogen utilisation efficiency of drip-
irrigated guar beans in the oasis of the arid zone of Northern Xinjiang.

Methods: The experiment took guar beans as the research object, and four irrigation levels, W1 (1170
m?/hm?), W2 (1530 m3/hm?), W3 (1890 m*/hm?) and W4 (2250 m?*/hm?), and two nitrogen levels, N1 (30
kg/hm?) and N2 (50 kg/hm?), were set up, and the total number of treatments was 8 in the completely
randomized combinatorial design, each treatment was set up with three water-nitrogen combinations.
treatments, and each treatment was set up with three replications.

Results: (1) Soil water content tended to increase and then decrease vertically with depth, and was lower in
the surface layer (0-20 cm), increasing and then decreasing with the reproductive process of guar beans, and
was lowest at the podding stage. At the same irrigation level, increasing the proportion of nitrogen fertilizer
caused the average water content of the 0-60 cm soil layer to increase at all fertility stages; at the same
fertilization level, increasing the irrigation level also significantly increased the water content. Increasing
irrigation and N fertilizer application significantly increased soil moisture at seedling, bloom, pod and bulb
stages. For example, water content was lowest at the seedling stage under 1170 m’/hm? irrigation quota,
which was 10.29%, 11.71% and 14.97% lower than 1530 m3hm?, 1890 m3hm? and 2250 m?*hm?,
respectively; 50 kg/hm? nitrogen application level was 6.99% higher than 30 kg/hm? under the same irrigation
level. The water consumption of guar bean increased and then decreased with the reproductive process, with
full pod > full flower > seedling > bulb stage, And with the increase of irrigation water, the water consumption
of each fertility period showed the trend of increasing and then decreasing, and the increase of nitrogen
fertiliser significantly increased the water consumption of each fertility period.

(2) Increasing irrigation and nitrogen fertilizer application could significantly reduce soil salinity content,
and the vertical distribution of soil salinity was significantly different at different irrigation levels. At low
irrigation levels, soil salts were mainly concentrated in the surface layer, while at high irrigation levels, the
distribution of salts was more uniform, and the salt content of the deep soil was significantly reduced.

Specifically, soil salinity content decreased significantly with higher irrigation levels, and soil salinity content



was 50% lower at the 2250 m*/hm? irrigation level compared to 1170 m*/hm?. At bloom and pod stage, soil
salinity content increased, but increasing irrigation and nitrogen fertilizer application still significantly
reduced soil salinity content, including a 15.21% reduction in the 50 kg/hm? treatment compared to the 30
kg/hm? treatment at the 1890 m3/hm? irrigation level.

(3) Increasing irrigation and nitrogen fertilizer application significantly increased soil ammoniacal
nitrogen and nitrate nitrogen contents, and their vertical distributions were significantly different at different
irrigation levels. At low irrigation levels, ammonia N and nitrate N were mainly concentrated in the top soil
layer (0-20 cm), while at high irrigation levels, their distribution was more uniform, and their contents in the
deep soil layer (40-60 cm) increased significantly. At the same irrigation level, increasing N fertilizer
application significantly increased soil ammoniacal and nitrate N contents, including 24.4% and 11.5% in the
50 kg/hm? treatment compared with the 50 kg/hm? treatment at the 1890 m3/hm? irrigation level. With the
increase of irrigation level, the soil ammoniacal and nitrate nitrogen contents also showed an increasing trend,
in which the ammoniacal and nitrate nitrogen contents of 2250 m3/hm? irrigation level increased by 37.6%
and 39.1%, respectively, compared with the 1170 m3/hm? irrigation level at the 50 kg/hm? nitrogen
application level.

(4) Water and nitrogen coupling had a significant effect on the growth of guar beans and significantly
improved the quality of guar beans. Suitable water and nitrogen fertilizer supply can promote the growth of
guar plants, increase plant height, stem thickness and root growth, and promote the accumulation of dry
matter mass, thus improving yield. However, excessive irrigation or nitrogen application may lead to plant
lengthening, reduce stem thickness, inhibit root growth and dry matter mass accumulation, and ultimately
affect yield. The contents of galactomannan, soluble sugar and polysaccharide showed a decreasing trend
with the increase of irrigation water, and increased with the increase of nitrogen application; the starch
content increased with the increase of irrigation water, but the effect of nitrogen application on it was not
significant.

(5) Irrigation water and N fertiliser application and their interaction had highly significant effects on
yield, irrigation water use efficiency (IWUE) and nitrogen fertiliser bias productivity (PFP). guar yield was
maximum at 2250 m’/hm? irrigation level under 30 kg/hm? nitrogen application level, which was
significantly increased by 24.29% to 37.68% compared to other treatments; 50 kg/hm? nitrogen application
level Under 50 kg/hm? N application level, the maximum yield was recorded under 1890 m3/hm? irrigation
level treatment, which was significantly increased by 50.07% compared to 1170 m3/hm? irrigation level.
Irrigation water use efficiency (IWUE) decreased with the increase of irrigation water at 30 kg/hm?> N
application level and reached the maximum at 1170 m3/hm? irrigation level; while at 50 kg/hm? N application
level, irrigation water use efficiency IWUE) reached the maximum at 1530 m*/hm? irrigation level. Nitrogen

fertiliser bias productivity (PFP) increased with increasing irrigation water at 30 kg/hm? N application level

v



and reached maximum at 2250 m*/hm? irrigation level; while at 50 kg/hm? N application level, nitrogen
fertiliser bias productivity (PFPx) reached maximum at 1890 m3/hm? irrigation level.

Conclusion: Considering the yield, water and nitrogen utilization efficiency, harvest index and quality, based
on the principal component analysis and the subordinate function analysis, the yield of guar beans in arid
zone oasis could reach more than 2400 kg/hm? under the treatment of irrigation quota of 1890 m3*/hm? and
nitrogen application of 50 kg/hm?, and galactomannan in fruits could reach 0.7 ng/g, which makes this water
and nitrogen combination a better combination for guar beans in arid zone oasis of Xinjiang. This water and
nitrogen combination is a better water and nitrogen management model for drip irrigation guar beans.

Key words: Submembrane drip irrigation; Nitrogen; Principal component analysis; Guar beans; Affiliation

function analysis
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