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Effects of localized high nitrate supply on maize roots
morphology and N accumulation
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Abstract ; The root system development displays a high plasticity to heterogeneous distribution of N in soil. Ni-
trate is the most common N source used by higher plants in arid environment. How maize roots coordinate the growth
of primary roots (PR) and seminal roots (SR) in response to heterogeneous localized high nitrate supply remains
unclear. Maize seedlings, Zhengdan 958 and Ludan 981, were grown in split-root systems for three weeks by hydro-
ponic culture. The roots received a uniform low nitrate supply of 0.5 mM nitrate (LPR—LSR), or a high nitrate
supply of 5 mM nitrate for primary roots and low for seminal roots (HPR-LSR) , or low nitrate supply for primary

roots and high for seminal roots (LPR—HSR) under the normal water supply and water stress environment. Mor-
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phology, biomass, and N accumulation in roots were measured. The results showed that Zhengdan 958 had greater
root length and surface area of primary roots, root biomass, shoot biomass, and N accumulation than Ludan 981.
The length, surface area, volume of primary roots, shoot biomass and N accumulation were lower under water stress
treatment than that of normal water treatment. Maize primary roots and seminal roots responded differently to local
high nitrate supply. Localized high nitrate treatments could promote the growth of primary and seminal roots, espe-
cially root length and surface area, under the normal water supply. Under the normal water condition, the increment
of root length and surface area of primary roots ranged from 6.8% to 27.3% and 1.9% to 21.9%, respectively; ex-
cept the Zhengdan 958 under the HPR-LSR treatment, the increment of root length and surface area of seminal
roots ranged from 30.4% to 92.7% and 10.5% to 135.1%, respectively. However, under the water stress condition,
the increment of root length and surface area of primary roots ranged from 24.6% to 152.9% and 62.1% to 229.9%,
respectively, but the reduction of length of seminal roots randge from 10.0% to 29.9%, suggesting that water stress
could affect the response of seminal roots to localized high nitrate supply. Localized high nitrate treatments increased
the biomass and N accumulation of roots in both sides at the same time except for the LPR—HSR treatment under
the water stress condition. Localized high nitrate could enhance the biomass and N accumulation of shoot both under
the normal water supply and water stress environment compared with LPR—LSR treatment, under the LPR-HSR
treatment, the increment ranged from 35.0% to 107.9% and 162.9% to 291.1% respectively, under the HPR-LSR
treatment, the increment ranged from 56.7% to 109.4% and 204.1% to 377.0%, respectively. And the increment
of HPR-LSR treatment was higher than LPR-HSR treatment. It indicated that the enhancement effects were more

significant when the primary root was in the localized high nitrate supply.

Keywords: maize; primary root; seminal root; nitrate supply; water stress
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Fig.2 Effects of different treatments on the morphology of seminal roots of maize
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