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Abstract:  Objective  Soil nitrogen (N) is an important resource for N uptake by crops. The availability of soil N is dependent
on soil fertility to a high extent, which in turn affects the absorption and utilization of N by crops. Understanding the various N
forms in red soils with different fertility and their contribution to crop N uptake can provide a theoretical basis for clarifying the N
cycle mechanism and cultivating high-yield and high-N efficiency soils. = Method In May 2019, low-fertility, medium-fertility
and high-fertility red soils were selected for the field micro-area experiments, and two treatments, no nitrogen fertilizer (N0O) and
conventional fertilization (N1) were set up. We determined the contents of soil mineral nitrogen (MN), fixed ammonium (FN),
microbial biomass nitrogen (MBN) and soluble organic nitrogen (SON) before planting and after harvest of 2020 maize (the third
crop of the experiment). The relationship model between each form of N and the quantity of N uptake was established through
structural equation modeling (SEM).  Result  The grain yield of high fertility soil under NO treatment was about 4.6 times that
of medium fertility soil. Under N1 treatment, the maize yield and biomass of high fertility soil had no significant difference with
that of medium fertility soil. Meanwhile the N uptake of high fertility soil was significantly higher than that of medium fertility
soil. Compared with before planting, the FN content in the medium-fertility soil after harvest was significantly increased by 63%
under NO treatment. The FN of low and high fertility soil increased by 47% and 11%, respectively, while the contents of MN,
MBN and SON in the soil were reduced. The MN content of the soils was decreased by between 0.4—4.0 mg-kg™'. MBN was
decreased by 18%—44% and there was no significant difference in soil fertility. Also, the SON was decreased by 55%—84%. Under
N1 treatment, the content of MN was decreased by 22-38 mg-kg ' and the content of MBN was reduced by 32%—72%. The SON
was reduced by 99 mg-kg™" in high-fertility soil, which was 2.0 times higher than medium-fertility soil and 9.3 times higher than
low-fertility soil. The correlation analysis results revealed a significant positive correlation between the amount of N uptake by
the aboveground biomass and the decrement of MBN, SON and NH;- N . The structural equation model results further showed
that the content of SON and NH,- N directly affected the amount of N uptake, while MBN indirectly affected the N uptake by
maize by changing SON and MN.  Conclusion SONand NH;- N can directly regulate the maize N uptake. The MBN and FN
indirectly affect maize N uptake through the MN and SON. In the future, it is crucial to strengthen the research on the mechanism
of soil N form transformation to promote red soil fertility and high-efficiency utilization of N.

Key words: Red soil; Soil fertility; Soluble organic nitrogen; Microbial biomass nitrogen; Nitrogen uptake
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Table 1 Basic properties of soil with different fertility levels

N ALK Ko B ‘ AR T
TS 4Hf Total P/ 44 Total K /
Organic carbon pH Total N/ Alkaline N Olsen-P Available K/
Soil fertility (gkg!) (gkg!)

/ (gkg!) (gkeg!) / (mg'kg™) / (mg'kg™) (mgkg™)
fit Low 7.67+0.40c¢ 5.35+£0.02¢ 0.64+0.06¢ 37.53+2.32¢  0.31+0.01c 0.20+0.03c 10.12+0.11¢c 18.89+1.90c
1 Middle 11.69+0.22b 6.04+0.12b 0.87+0.02b 62.25+2.84b  0.54+0.02b  11.76+0.41b 12.48+0.21a  173.9+11.78a
= High 28.30+0.21a 6.74+0.03a 1.72+0.21a 144.4+3.11a  0.84+0.0la  23.55+0.33a 10.8+0.10b 156.3£2.05b

W BPEUE NI EbRAERZE (n=3); FINGFH AR LIRS 257 83 (P<0.05), Notes: The values are mean +

standard deviation error ( n =3 ); Different letters in the same column mean significant difference ( P < 0.05) in different soil fertility.
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TE: R, PRI BRI ) . R ) £ NS R AR AL R 25 R 3 (P <0.05); NO W ARMEAN,
N1 Mjii 2 A0 150 kg: hm 2, T[] . Note: Low, medium and high represent low fertility , medium fertility and high fertility soils, respectively.
The lowercase letters on top of the bar indicate a significant difference ( P < 0.05) between soil fertility levels. NO and N1 represent no

nitrogen application and applying 150 kg- hm?, respectively, and the same below.

K1 AFEIE LR R B (a), FEFFAEYE (b)), M EEAEYR (o), FPRLA S & (d), M EAmEE () &
ARWRIEEL (f)
Fig. 1 Grainyield (a), stover biomass (b ), aboveground biomass (¢ ), grain nitrogen content ( d ), aboveground nitrogen uptake (€ ) and

N harvest index () of maize in red soil with different fertility levels

R2 TRBAMELESR. HESENTREASE

Table 2 NH, -N, NO; -N and Mineral N content in red soil with different fertility levels

NH; -N/ (mgkg™") NO; -N/ (mgkg™!) Mineral N/ ( mg'kg ")
ey
e A Wk s Ak A i Wk A Ak e i Wk s Akt
Fertility
Before After Before After Before After
Variation Variation Variation
planting harvest planting harvest planting harvest
NO f% Low 4.2+0.2a 2.5+0.3a —1.8+0.3b 4.4+0.4a  1.8+0.3¢c -2.6+0.4b 8.6+0.6b 4.2+0.2b -4.4+0.7b
NO 1 Middle 2.8+0.2b 1.9+0.4a —0.8+0.1a 1.8+0.1b 2.4+0.2b 0.7£0.2a 4.8+0.3¢c 4.3+£0.4b —-0.4£0.1a
NO & High 3.8+0.2a 2.0+£0.1a  —1.8+0.3b 6.9+0.3a 4.3+0.3a -2.6+0.7b 10.6+0.7a 6.2+0.3a —4.4+£0.9b
N1{& Low  25.6+0.6a 2.9+0.5a -22.7+l.1a 3.3+0.4b  2.5+0.5¢ -0.8+0.2b 29.0+1.2b 5.4£0.6a —23.5+1.3a
N1 # Middle 25.1+0.1a 1.5+£0.3b -23.6+0.5a 2.5+0.1b 3.6+0.4b 1.1+£0.4a 27.7+0.2b 5.2+0.3a —22.5+0.5a
N1 & High 36.2+0.94a 1.740.7b  —34.4+0.8b 8.7+0.1a 5.540.7a —3.2+0.6¢ 43.0+0.2a 5.3+1.5a —37.6+0.8b

o R EUE I EREIRZE (n = 3); RSIRF/NG S8 R R 5808 S5 ) () 25 57 .35 ( P < 0.05 ). Notes: The values are mean

+ standard deviation error ( n=3); Different letters in the same column mean significant difference ( P < 0.05) in different soil fertility levels.

H1 NOj -N I NHy -N #HIE . Wik i, BRApAE ) 15 JrkEAG . Horp, NO 44T NH; -N F#KT 0.8~1.8
b, Hofth +3EH 9 NH; -N fINO; -N BJEFRATA  megkg ', N1 TR T 23~34 mgkg ' Bk
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Fig. 2 Fixed ammonium ( FN ) content before planting (a) and its change rates (b ) in red soil with different fertility levels
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Fig. 3 Reduction of soil microbial biomass nitrogen ( MBN ) (a) and MBN/TN (b ) in red soil with different fertility levels
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Fig. 4 The reduction of soluble organic N content in red soil with
different fertility levels
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Fig. 5 Relationship between aboveground N uptake and the decrease of NH, -N (a ), mineral nitrogen ( MN, b ) and soluble organic nitrogen
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Fig. 6 Path analysis of maize aboveground N uptake and the change of soil N pools
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