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F1 KEAREMEARLIE T L% 2 i B RZ4H 5 89 L5l
Table 1 The distribution of soil aggregates in the upland red soil under long-term fertilization relative to treatment
TG 7k v L S SR AR AL 1 LE 51
AR Fractionation of soil aggregates using the wet sieve method (%)
Treatments

>2 mm 1 ~2mm 0.5~ 1 mm 0.25~0.5 mm 0.053 ~0.25 mm <0.053 mm
CK 18.71 £3.39¢ 7.88 +0.62d 9.84+0.91b 13.97+0.79a 19.99+0.31a 29.61+1.77a
NP 28.88 = 1.99ab 7.42 +0.69cd 8.40+1.10b 11.22+1.24b 11.61 £0.73¢ 32.47+1.17a
NPK 32.06 = 5.46ab 11.18 £0.66b 9.57+0.87b 12.33 £ 1.18ab 15.52 £2.82b 19.34£6.19b
NPKM 36.43 £2.63a 12.98 £0.58a 12.94 +£0.62a 12.84 = 0.62ab 11.65+0.55¢ 13.16 +£2.46¢
NPKS 28.25+3.63b 9.42+1.16¢ 9.36 +1.52b 12.09 = 0.67ab 11.27 £ 1.06¢ 29.62+2.12a

H: CK: AT, NP: ZBENIM, NPK: ZBEMIACME, NPKM: FBEAVID MG MM, NPKS: ZUB0IE RS FF 2 d |
ANRV/ING bR R — B R AR 2 53 PO [ A BRAFAE % 25 5 (p<0.05) . F[HNote: CK: No fertilizer, NP: Chemical nitrogen and
phosphorus fertilizers, NPK: NP and potassium fertilizers, NPKM: NPK plus pig manure, and NPKS: NPK plus return of half of the

straw harvest. Different lower case letters indicate significant differences between different treatments with the same fraction of soil

aggregates at p<5% level. The same below

2.2 KHFREMATOIES AR KR E N
AN [ i AT J 25 5% ) 21 498 5 M AT 2R R 1Y
et (£2) . BRTNPKSZ4, NP, NPKFI
NPKMALF )>0.25 mm T 5 A A 20 43 He 9] 1) 2
FE T CKANEE, {045 i AL kb 3 2 6] JC & 35 2 5
(p>0.05) . 7E>0.25 mm ¥ 5 Al 5 4 41 43 1 il
1, NPK. NPKMAINPKSA B i3 % 5 T CKAb
H, HNPKMAbHE R &, MNP CKAR 3 [ )G

AR WE>0.25 mm T AR G A AR A
B A RAIRBE IR B R . 5 CKARFRA L, NPK.
NPKMHINPKS (1 A 5 R 8 5 3 8 F Rk,
Hr, NPKMAE B i AT SR A1 08 Btk 25 I8 T NP KRN
NPKSALFE, TNPKSANH 1) A 5 7R 3K B 5 NPK
FINPA BRI AR AA7E B 22 5 . RAK IR I |
BRI 41 5 A R AR B FRE -

®2 KHAREERAETARRMEARKREET L

Table 2 Change in soil aggregate stability in the upland red soil under long-term fertilization relative to treatment

4 >0.25 mm -1 141 5 14 L 4] >0.25 mmie§i A1 5 14 L 1) VSRR IR 12
Treatments Fraction of soil aggregates Fraction of soil aggregates Destruction degree of soil aggregates
(>0.25 mm) (dry sieve) (%) (>0.25 mm) (wet sieve) (%) (%)
CK 92.04 £ 0.30b 50.40 = 1.72d 45.24+1091a
NP 95.66 = 1.27a 55.92+1.68cd 41.55+1.31ab
NPK 95.13 £2.29a 65.14 £6.28b 31.60 = 5.05¢
NPKM 94.57 +0.20a 75.19 £2.37a 20.50 £2.36d
NPKS 93.95+0.33ab 59.11 £ 1.20bc 37.08 = 1.45bc
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RIR 4y rh 22 580N, (Bt A 5 e e o7 e 25 (&
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Moy m T B FHEN, HNPKSAHIL

BERRMRT A REA S P2 S, X TR
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BRALEE (NP ) T 45 R A2 53 1) Al 58 46 1 4 A 22
ot E o I W E RN, ML (NPK. NPKM
FINPKS ) ¥R HH W EH ks, Hrfh, NPKM
Ab G T A AR EE . SNPRALEIAH ., NPKM
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mm. 0.053 ~0.25 mmA1<0.053 mm A K45
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Fig. 2 Change in contribution rate of different fractions of soil aggregates to the bulk soil in potassium in the upland red soil under

long-term fertilization relative to treatment
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F3 KEEH TLIERH> 0.25 mm A B RE 503 & + 09 TEkE

Table 3 Contribution rate of the fraction (> 0.25 mm) of soil aggregates to the bulk soil in potassium in the upland red soil under

long-term fertilization (%)

pusiil Ex7] AR A2 e 1 A
Treatments Total potassium Non-exchangeable potassium Exchangeable potassium
CK 49.65+1.47d 49.30 £2.20¢ 46.85+1.21c¢
NP 54.85 +3.44d 52.38+1.77¢ 51.77 £2.56¢
NPK 67.83 £4.25b 64.63 = 6.44b 63.39 £ 5.85b
NPKM 73.70 £2.26a 73.93 £3.08a 77.88 £2.22a
NPKS 62.14+0.77¢ 60.04 +2.79b 59.68 £2.69b

TELTEE R |, >0.25 mm A BAK 4 5 8 %
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Abstract
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[ Objective ] Fertilization greatly influences soil structure and nutrients accumulation in

soil aggregates. However, it is still unclear how aggregate-associated potassium (K) changes in distribution

in red soil. Therefore, effects of long-term fertilization on aggregate composition and fractions of K therein

in red soil were investigated based on a long-term fertilization field experiment in the subtropical arca of

China, in an attempt to provide certain theoretical basis for amelioration of red soil and improvement of K

fertilization efficiency in that region. [ Method ] From the long-term fertilization experiment at Qiyang

County of Hunan Province, China (since 1990), five treatments were selected, including CK (no fertilizer),

NP (application of chemical nitrogen and phosphorus in combination), NPK (application of NP and

potassium in combination), NPKM (application of NPK plus pig manure), and NPKS (application of NPK
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plus return of half of the straw harvested). Undisturbed soil samples were collected separately from the 0 ~ 20
cm layers of the five treatment plots in a 26-year-old (1990—2016) ficld of the experiment after the crop of
corn was harvested, for fractionation of soil aggregates and analysis of total K (TK), non-exchangeable K
(NEK) and exchangeable K (EK) therein, Then relationships of the K in the aggregates of different fractions
with crop K uptake were explored. [ Results ] Results show: (1) Among the treatments, Treatment NPKM
was the highest in proportion of aggregates of > 2 mm, 1 ~2 mm and 0.5 ~1 mm in particle size, but the
lowest in proportion of aggregates of 0.053 ~0.25 mm and < 0.053 mm. However, Treatment NPKS did not
affect proportions of aggregates of > 2 mm, 1 ~2 mm and 0.5 ~ 1 mm. (2) Compared with Treatment NPK,
Treatment NPKM was 24.37% ~ 49.04% and 82.02% ~ 176.3%, higher respectively in NEK and EK content
in soil aggregates. The contribution rate of the fraction (>0.5 mm) of aggregates to the bulk soil (CRAB) in
TK, EK, and NEK increased by 6.25% ~31.97%, 5.72% ~ 43.16% and 6.33% ~ 41.98%, respectively, while
that of the fraction (< 0.25 mm) decreased by 14.37% ~21.44%, 17.04% ~ 33.66% and 34.40% ~ 43.84%,
respectively in Treatment NPKM. (3) No significant difference was observed between Treatment NPKS and
Treatment NPK in EK and NEK content in aggregates of the same fraction and in contribution rate of the EK
and NEK in each fraction of aggregates to the total K in CRAB. And (4) Linear regression analysis shows
that when the contribution rate of the fractions (>0.25 mm) of aggregates increased by 1%, K uptake of the
crop increased by 9.92 ~ 11.89 kg hm™. [ Conclusion] Long-term application of chemical NPK fertilizers
and pig manure in combination may significantly improve formation of soil aggregates in upland red soil
and hence increases contribution rate of the aggregates to the bulk soil in K and consequently crop uptake
of K.

Key words Soil potassium; Aggregate; Red soil; Long-term experiment; Pig manure
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