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Difference in plant availability of nitrogen in aggregates of black soil
under long-term fertilization
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Abstract: [ Objectives ] The formation mechanism of soil aggregates is different, and the conversion and
availability of the contained nitrogen (N) in these aggregates are different as well. The differences in N availability
among soil aggregates were investigated in this study to provide theoretical basis for rational fertilization, build-up
of good soil structure and the improvement of N fertilizer use efficiency. [ Methods ] An incubation experiment
and a pot experiment were conducted in 2014. The soils used were collected from the long-term fertilization

experiment of black soil in Jilin province, and involved treatments included: no fertilization (CK), chemical NPK
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fertilizers (NPK), chemical NPK fertilizers and straw returning (NPKS), and chemical NPK fertilizers and manure
(NPKM). Urea with a "N abundance of 20.12% was mixed into 1000 g of soil and incubated within 2 L volume of
plastic bottles for 40 days at 25°C. The incubated soil was separated into 4 aggregate fractions: coarse free
particulate organic matter (> 250 pum, cfPOM), micro-aggregate organic matter (53—250 um, iPOM), outer
mineral-associated organic matter (MOMo, <53 pm), and inner mineral-associated organic matter (MOMi, < 53
um). Residing differences of fertilizer N in aggregates were analyzed. Ryegrass (Loliumperenne L.) was planted in
each soil fraction for 30 days, then the biomass, fertilizer N uptake and fertilizer N use efficiency of ryegrass were
analyzed. [ Results ] The plant biomass was the highest in MOMo (100.2 mg/pot) and cfPOM (99.8 mg/pot) in
treatments of NPK and NPKM, respectively. The urea N content of ryegrass in three soil fractions was in the order
of CK > NPK > NPKS > NPKM. The resided nitrogen in cfPOM was consistent with the nitrogen content of
ryegrass, except that it was highest in NPK treatment for the fraction of MOMo. N absorbed by ryegrass was
mainly from ¢fPOM and MOMo (0.1—0.21 mg/pot), and less than 0.05 mg/pot from other fractions. The nitrogen
use efficiencies were 14.1%—19.3%, 5.5%—15.4%, 3.1%—4.9%, and 12.7%—23.6% in cfPOM, iPOM, MOMIi, and
MOMo, respectively. In NPKM treatment, N use efficiency was highest in cfPOM (19.3%), and that in NPK was
highest in MOMo (23.6%) . [ Conclusions ] The application of organic fertilizer promotes exogenous N to be
stored in large aggregates and held the highest nitrogen efficiency of large aggregates, which is beneficial to the
nutrient supply in the later season. The application of chemical fertilizer facilitates the use efficiency of N
immobilized by outer mineral-associated organic matter. The residual nitrogen availability is low in inner mineral-
associated organic matter though the residual amount is high.

Key words: aggregate; nitrogen fixation; nitrogen supplying; nitrogen use efficiency; ryegrass (Loliumperenne L.)
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Table 1 The content of urea "°N in aggregate grades
under different treatments

Kb MOM
cfPOM iPOM
Treatment MOMi MOMo
CK 36.55 Aa 3.99 Ad 25.59 Ac 30.80 Ab
NPK 27.65 Ba 3.61 Ac 20.68 BCb  22.33 Bb
NPKS 26.13 Ba 4.58 Ab 23.98 ABa 22.89 Ba
NPKM 17.76 Ca 6.73 Ab 18.14 Ca 18.12 Ca

# (Note) : cfPOM—IiF 5 WKL A HLY) Coarse free
particulate organic matter (> 250 pm); iPOM— I RIEA W
Microaggregate organic matter (53~250 um); MOM—W %54
HL¥ Mineral-associated organic matter (< 53 pm); MOMi— %A
WL S5 A MY Inner mineral-associated organic matter;
MOMo—H TSN 2557 L4 Outer mineral-associated organic
matter; [AZEUE)E KE FHRR A RIALHLIE 22 55k 5% WK
3, FATEUE R ARV NG PR AR AL 28 558 5% R#H K
Upper case letters in a column mean significant difference at the 5%
level, lower case letters in a row mean significant difference at the 5%

level.
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Fig. 1 The biomass of Loliumperenne L. in aggregate fractions under different treatments
[ (Note) : cfPOM—HLI# B WikiA Hl4 Coarse free particulate organic matter (>250 um); iPOM—{# AR AAG WA Microaggregate organic
matter (53~250 um); MOMi—H R IK N RS A4 HLY Inner mineral-associaled organic matter (<53 um); MOMo—H BAKINIBEE &4 P
Outer mineral-associated organic matter (<53 pm). H AR - BE RS AL 3R] 22 53K 5% &2 7K°F Different letters above the bars indicate

significant differences at the 5% level.]
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Fig. 2 Fertilizer nitrogen contents of Loliumperenne L. in aggregate fractions under different treatments
[ (Note) : cfPOM—HLI# B WikiA Hl4 Coarse free particulate organic matter (>250 um); iPOM—{# AR AAG WA Microaggregate organic
matter (53~250 um); MOMi—H R IK N RS A4 HLY Inner mineral-associaled organic matter (<53 um); MOMo—H BAKINIBEE &4 P
Outer mineral-associated organic matter (<53 pm). H AR - BE RS AL 3R] 22 53K 5% &2 7K°F Different letters above the bars indicate

significant differences at the 5% level.]
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Fig. 3 The total nitrogen uptake of Loliumperenne L. in aggregate fractions under different treatments

[[# (Note) : cfPOM—HLVi# & Wik LY Coarse free particulate organic matter (>250 um); iPOM—# A AT HL4 Microaggregate organic
matter (53~250 um); MOMi—H R IR N H4E S P4 Inner mineral-associaled organic matter (<53 um); MOMo—HRIKINBLE &AWL
Outer mineral-associated organic matter (<53 pm). = b AR [EFFEEF R AL B R] 2% 5535 5% 3% K F Different letters above the bars indicate

significant differences at the 5% level.]
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Fig. 4 The fertilizer nitrogen use efficiency of Loliumperenne L. in aggregate fractions under different treatments
[ (Note) : cfPOM—HLIlF I WUkiAT HL4 Coarse free particulate organic matter (>250 um); iPOM—{[# R AT WA Microaggregate organic
matter (53~250 um); MOMi—F R IK NS &4 Pl Inner mineral-associaled organic matter (<53 um); MOMo— A RAKINIBLE &4 WL
Outer mineral-associated organic matter (<53 pm). AR FRE:F R AL B 0] 25 53k 5% W %7K F Different letters above the bars indicate

significant differences at the 5% level.]
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