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Root morphology and nitrogen uptake characteristics of crops
in the oat-soybean strip intercropping system
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Abstract To investigate the effects of root morphology and rhizosphere soil nitrogen cycling enzyme activities
on interspecific nitrogen (N) competition and uptake in an oat-soybean strip intercropping system, a field
experiment was established in Zhangbei County, Hebei Province in 2019. Three cropping patterns were
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designed: Oat-soybean strip intercropping (10S), oat monoculture (MO), and soybean monoculture (MS).
During the oat jointing and filling stages in 2021, the aboveground biomass, N uptake, root morphological
parameters (root dry weight density, root length density, root surface area density and root volume density) in
the 0-20 cm soil layer, and rhizosphere soil 3-N-acetylglucosaminidase (NAG) and L-leucine aminopeptidase
(LEU) activities of both crops were measured. One-way ANOVA, correlation analysis, and principal component
analysis were used to examine changes in root morphology and rhizosphere enzyme activities of both crops and
their driving effects on N uptake in the intercropping system. The results showed that the N uptake equivalent
ratio of the intercropping system decreased from 1. 05 at the jointing stage to 0. 86 at the filling stage. At the oat
jointing stage, intercropped oat showed no significant changes in root dry weight density, root length density,
root surface area density, or root volume density compared with monocultured oat, yet N uptake was 24. 0%
higher than that of monoculture oat. At oat jointing stage, intercropped soybean showed a 13. 8% decrease in
N uptake compared with monoculture (P<<0.05). Its roots became thinner and longer, root length density
increased by 26. 9% (P<<0.05), while root dry weight density, root surface area density and root volume density
decreased by 20. 9% to 41. 0% (P<<0.05). At the oat filling stage, intercropped oat increased N uptake by 17.9%
(P<<0.05). Root dry weight density, root length density and root volume density increased by 28.2% to 63. 2%
(P<<0.05). Rhizosphere soil NAG and LEU activities increased by 17. 5% and 39. 8% (P<<0.05), respectively.
Although intercropped soybean showed 28. 2% and 26. 1% increases in rhizosphere NAG and LEU activities
(P<<0.05), its root dry weight and root volume density decreased by 33.2% and 50. 4% (P<<0.05), and finally
its N uptake decreased by 47. 7% (P<C0.05). In conclusion, the oat-soybean intercropping system exhibited
an advantage in N uptake at the oat jointing stage, but the increase in N uptake by intercropped oat at the filling
stage could not compensate for the decrease in N uptake by intercropped soybean, causing the system’s N
uptake advantage to shift from strong to weak. Therefore, in oat-soybean strip intercropping systems, special
attention should be paid to N supply to soybean at the oat filling stage to maintain the balance of N uptake
advantage and productivity of the intercropping system throughout the entire growing season.

Keywords oat-soybean strip intercropping; root morphological characteristics; nitrogen uptake; nitrogen

competition; nitrogen cycling enzyme activities
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Fig. 6 Root morphological characteristics of oat and soybean in the 0-20 cm soil layer at the oat jointing stage
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