FEE 5 5 AR R 2020, 26(7): 1188-1197 doi: 10.11674/zwyf.19460
Journal of Plant Nutrition and Fertilizers http://www.plantnutrifert.org

FEZRAF BRI 1338 H SR AR e MR i K SR A B R B

EEE, B H, BLE, R OE B A EHE B H
(A R BEHIRBE, JR#R 611130 )

E: [ BR ] WFSRA A RRNT  38 A R R R e v DL R AR AR e 2, UYIA 48 SR I 398t . 42
RSP AE R R G T RS R R IR MR R . [ ¥R ] RAE DU 45 ik 22 17 B VB2 el ol A 785 DX AR 2% 4 PR 43 )
H5a. 10a. 15a f130a fJFEIR 1 (0—15 F1 15—30 cm), FIFIBFHH S4B 1R > 2 mm, 0.25~2 mm.
0.053~0.25 mm A1 <0.053 mm M EEEFER, AT RS M . &R0 - USRI R & i, TR DUR TN
(NaTPB) I HILIRTT T AR BURAE . [ 45 ] SEAFR BIEY LKA RER (hifg> 0.25 mm) B F, 5K
7N 75.87%~95.75%, {HBEAEZRAERRIEM, K RAK L ] 2 350820 (P < 0.05), HAA 42 e Rk
X E AR (MWD) YIS/, 15 a Fi1 30 a A4S Bl 38 b [] — 7 2% 141 58 A (14 - 96 R0 AN S sk 1 1 34
FSafM10aZM, 5afl 10 a Ffm &R g RAR s & B A BN I5T, 15 a 130 a (9 A%HE 4k
AR B ORGP SRR R I b e o MBS AR A5 AR BRIl B 2 A Tl AT R AR (ChiA< 0.25 mm) 55 3Alh
AIRIRLA 5o 255508 - FEAR [RIRL L A R A s 0 BRI E 102.3~236.5 mg/kg, HAEBATHITL. FiHREE
BEaH, BERGS R Y BRI A TR R . P BRI, HEZS 15 a F1 30 a A TSI R IR R0 HEUR
B TS Sa f 10 a A+, [ S5 ] 2RI 39 h LUK IR Ik (Rife> 0.25 mm) (Y H i, {H Bt
FEZCAEBRAGIE N, AR IR CRife< 0.25 mm) LLEE N, Esbifee g, FEBE 1530 em 258, K
VSRR U D AR HE T - e . s R, DRI, AR 15 a B30 a (1) - BEE AR A S a B 10 a (A%
bel i, AR FEIR B IE, AR F 25 i T RESE R .

XHRIA: AHARAERN ; IEMIRIR; BEE; ROBURRE

Tea plantation ages decrease the stability of soil aggregates and increase the
release of potassium from large aggregates

LI Lu-lu, LITing", LANG Shan-xin, WEI Wei, MIAO Li, LI Zhi-ping, XI Yao
( College of Resources, Sichuan Agricultural University, Chengdu 611130, China )

Abstract: [ Objectives ] The stability of soil aggregates and the related potassium (K) release were studied, in
an attempt to provide scientific basis for guiding the soil fertilization in the tea garden and promoting the
sustainable development of the tea garden ecosystem. [ Methods ] Soil samples were collected in 0—15 and
15-30 cm deep of undisturbed soil layers in the tea garden of 5, 10, 15 and 30 years old in Ya'an City, Sichuan
Province. Each soil sample was separated into four particle sizes of > 2 mm, 0.25-2 mm, 0.053—0.25 mm and <
0.053 mm by wet screen method. The stability of the four sizes of aggregates and the contents of soil readily
available potassium (RAK) and slow available potassium (SAK) inside were analyzed. Meanwhile, the sodium
tetracenyl borate (NaTPB) method was utilized to explore the release characteristics of available potassium.

[ Results ] The soils in all the investigated tea plantations were mainly composed of large aggregates (size >
0.25 mm), with the mass ratio of 75.87%-95.75%, however, the mass ratio tended to decrease with the increase
of plantation ages significantly (P < 0.05), and the mean weight diameter (MWD) of soil aggregates in the two
soil layers decreased obviously. The contents of RAK and SAK in different sizes of aggregates at 15 and 30
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years after tea planting were higher than those at 5 and 10 years. The content of soil RAK in different sizes of
aggregate was similar at tea plantation age of 5 and 10 years, while that was affected by the content of large
aggregate at tea plantation age of 15 and 30 years. On the contrary, the content of SAK was higher in
microaggregates (size < 0.25 mm) than that in larger aggregates. The cumulative release amount of available
potassium from different aggregates varied in the range of 102.3-236.5 mg/kg. Furthermore, the release of
available potassium from soil showed a trend of rapid release in the younger tea gardens and stable release in
the elder ones, and the release process could be well described using the parabolic diffusion model.
Specifically, the cumulative release of available potassium from soil aggregate at 15 and 30 years old tea
plantations was significantly higher than those at 5 and 10 years old tea plantations. [ Conclusions ] Large
aggregates (size > 0.25 mm) are dominant in all the tested tea plantations, but the stability of large soil
aggregates tends to decrease with the increase of tea plantation age, leading to the release of the RAK and SAK
contained in the large aggregates, especially in the 15-30 cm soil layers. So, the high soil K levels in tea
plantation at 15 a and 30 a reflect the consumption of soil K pool, which is not good for the sustainable use of
tea plantation.

Key words: tea plantation age; soil aggregate; potassium content; release characteristics

- P B R R AR AR W 5 A AR W 1 B s AL [ £
FH T 8 5 AT 2R R e A8 e ok AR 1 O 1 B 5 ) B
JC, HECE Ay A AU e - e FLBRE . FEK
PE L BB, S SRR
BERF R KA 22 R, M RIE Y A K F IR
HEFITTRZ —, TP ARRAR 5 P 5k v 5
YRS S RAAERRER, REMaEmngEa
SRR TR0, BRI, - R 1A R
BT H B R e rE R AR P, ST
- S PR SR AR v B 3 A B FLRE R X TR T ek
PR | A TR A 4 B A L

T RARRLAR KNG 53 A A Z H AR 75
M, A5 VE YRR A PR R AR OG LB 5 b 41 B
Hm, HIERRED & TR S A AR,
SR E, BRECA X B RARA 5 T i SR
BEZETEm . A, B W Kurmi 0908
FE 0—10 cm )3, AR AR IR i P B i BifAR
JEER R A BRI IR ARG 5 AR S I e BRAR ) el
FEAF PR+ A R A R A R B E 25, A
ARG A R ARAT AL TN 4 28 5tk 23 Bl A P AR PR 1
FER B, H O/NHR P, Rggo
T EE R0, X4+ em PLBk 4 5 simk R e K
2R > S mm B, H Lok 5e & bR HEFp i
AR AE BB o AR AR AT AN D2 3 % 4 4
AR RBR JETF 7RSS o A0 F B AR R 45 A A 3R
PR B AR AT BR A 38 A TR, H 4
PRI A S A S IR R A R AR 1

P SRR 10 4 B 5 bk A AL TR AP AT FIR A9 49 T 8 R 22
BLUOCRREARE M S o R 3 L PR U R i
FAERIRTSE, SRR AR T B B R A AR 2 A
GIELPNE 2@/ 8) R SYash Ny & B WP IB TR U i Y N w1
MRS, AT I TR B 3t 2 o - SRR A (G40 i T % T4k
AR R

FURI, A7 ST AR AT FRO6E 3 P SR (ARG 1 I 5%
s AL[NIPME e 3 Sl i I R S 8 S (B
Wy LA KA VR, T X 2 o A BR A B7F 5 A
XL M R AR R SRR, SRR
BT Z— . FIRese s e ™ & . ek Rt
dn i AEE TR R Ol TR AR . Bk e,
WAL IR AN, 5 B 7 25 b IX S R
T, AT SR BRI, R e A i A
26 B A S A 8 D s Ay e T 2 R R A R Y T R
Bl HANR R JZ R T2 . s LR AR L
A AR S A R WA A - S A A Bk o A 2 S0
PRI, DAY 48 2 T 5 U L AR 25 el X DA fF 521X
SR, ST AR AR IR AN ) R A R AR R E
B A LSRR IR SRR R i R, LA
LG WSE R AP N T S 1 AN (873 2 N T e S S vl |
FREE R AR AU o

1Pk

1.1 ARXER

WFFE DAL T DU v 5, SR T 22 T R 3
DXCREINER o 12 DX J M7 By i 2 KU, 2 AR AR



1190

W) E SR 50 R

26 4%

BRI 16.1°C, A KR Y 1800 mm, AR H
MR 502 1000 h, JCFEHI 290 KZE4T . X IR P Hbaty
PR B 0 W AR SR A AR, MBI DL B B L
F, A HE R DU L oh B R R I A v
HAETF 5T X A LIAE SR 28 3, TR T — 7 AR
ANFEFE A BRI 25 e, HL#5 2% el 24 b A B el s i
B, AHZRHTHIIL . BRSO Al AR —

T 9 IX 45 4% I 44 2R 32 A A AE A 485 5 A it A
Jrake FEMIEFEAL 16000 kg/hm®, 45% K,SO, H%E &
JIE 700 kg/hm?, B4 9 HIRAFL R G, XM —
M WD SR KL R 15 em I, A LR
REMEAREEL. BFE. . B3 KBEE,
Hrh BB 2 A BA) (FRARAET 30 KAL), il
A AN 1200 kg/hm?, JRE (% N 46%) 800
kg/hm*; B BGEACHIES AL 7 AT, WitEE
A HE 700 kg/hm?, JRZ 450 kg/hm?, 3B AE 5 =X 6 R T
Wi A+, HAE 5N .

1.2 TIEHERE

T DY 1| A8 2 T BB AR el ek A= AR X, A
U R B i SN 7 v = o & P /A s 3 o | N
B PR G SE A — B A AERR 230 5. 100 15 Al
30 a (2R IEl 580 RAEXS B o 74 A5 A7 B el
A e 4 N HLREETT (10 m x 20 m), H—FET07 NE%
“S” JEBENLIEE 5 ASRFER, BACREE SRTEIEAS
WIAR 2 30 cm 224 I BB AR S AL, 43 0—15 cm Al
15—30 cm P2 UCREFUR B4 . FEREMFUR £
FEUY ARSI R A ELAR 2 1 em (/b H 3, B &
REI AR BRERAA /N A7 B e 051 45 AE % E AR
T RAE S IR L 1,

1.3 TIEKERMERRANE

+ 35 A1 R AR FH Elliott™ R i . & JeFREL 100
g WT ke, HETE R KSR L (BiffliE A L
M FMKY A 2. 0.25, 0.053 mm), HIAZEMRKITFR
1010 min; ZRJ5 LA 40 YK/min $i%RR % E 5 5 min,
SRS B AR KRR A R K e, KRS
FLAR T 7 L 1 4 FH 7848 K o0 il e e i v 210 40 &
Hr, 7E 65°C T T4 48 h G FRE I,

B BRI AR ) T e B0 A0 -

w, = Ww,/W x 100% (1)

Kb w, B i R RIETE A ww,
5 i BONAIRIE TR (9); W o LR B TR ().

+HEA R A H R H A (MWD) THEARCA:

MWD = 3 d D @

Krfe diis iR A RIS AR, HAbR L
14 TEFREHREERBERFENE

- AR R R L 2B A A 43 i R
NH,AO.. W HNO, 22kt . I RIRH R
FEHURFE R A NaTPBENZ LI 2 . FREL 0.50 g 45
R A FET S0 mL BE.OAE T, WEFIIIA 3 mL (1)
0.2 mol/L PUZEMI4EN (NaTPB) 5 0.01 mol/L £ iy
L2 (EDTA) WIRGHI, 40liR% 0.5, 2. 4. 12,
24, 48 F196 h, HUH A 25 mL £ 1E5] (0.5 mol/L
NH,C1 + 0.14 mol/L CuCl,), f£21)5 & T kKt h#
B 60 min, B0 RS T 5000 r/min #.L> 5 min,
WGBS A 1 mL 6 mol/L HCI, FH k4G
5 - S A SRAARC I R R

- A ORI R R AE SR — G B ) SR

x1 TEERFROBEREUMR

Table 1 Basic physical and chemical properties of soil with different tea plantation ages

+ )2 (cm) AR (a) FHHUR (ghkg) AT (mg/kg) ZREAT (mg/kg) 44T (gke) £ (g/kg)
Soil layer Plantation age SOM RAK SAK Total K Total P
0—15 5 4.22 48.78 27.45 176.63 9.86 0.96

10 4.11 30.37 36.51 184.65 11.09 1.14
15 4.09 31.05 60.52 215.51 11.27 0.93
30 3.99 26.73 62.15 227.29 11.55 1.24
15—30 5 4.34 44.09 22.43 169.46 9.61 0.70
10 4.27 22.45 35.75 179.31 11.33 0.53
15 4.22 21.52 40.40 194.16 11.38 0.52
30 4.12 20.36 53.35 203.16 11.79 0.90
i (Note ) : SOM—Soil organic matter; RAK—Readily available potassium; SAK—Slow available potassium.
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Table 2 Mass ratio of each size of soil aggregate at different tea plantation ages

IR Soil aggregate size

+JZ (cm) MR () FHYEEER (mm)
Soil layer Tea plantation age MWD ~2 mm 0.25~2 mm 0.053~0.25 mm <0.053 mm
0—I15 5 3.74£032 A 55.07 £ 6.34 aA 37.87+4.96 bB 5.54+1.30cC 1.52+0.37 cB
10 2.15+0.28 B 2445+ 551 bB 58.53+£5.17 aA 14.39+2.29 ¢cB 2.63+1.16dB
15 2.03+0.25B 22.24+5.61 bB 59.95 £ 8.34 aA 14.74 £3.78 cB 3.07+0.94dB
30 1.74+0.09 C 17.24 £2.12bB 60.25+5.51 aA 18.90 £5.16 bA 3.61£1.60 cA
15—30 5 450+024 A 70.06 £ 4.70 aA 25.69+3.79 bB 3.45+0.93 cB 0.80 +0.69 cC
10 1.74+031B 16.92£5.71 bB 62.16 £2.06 aA 18.66 £ 3.71 bA 2.26+0.48 cB
15 1.65+0.14B 14.69 +2.77 bB 66.21 +£4.08 aA 16.32 £3.45bA 2.78+£0.18 cB
30 1.28+£0.06 C 8.12+1.36cC 67.75+5.02 aA 20.40 £ 4.09 bA 3.73+0.98 cA
£ (Note) : MWD—Mean weight diameter. $Uf5AIF/NE | K5 SB35 378 7] — AL ASAE FROS [RURCZ AT SR A . AR DR 5 S A

[RIFE A A BRIA] 22 5+ 8.3 (P < 0.05) Values followed by different small and capital letters indicate respectively significant difference among
aggregate sizes under the same plantation ages and among plantation age under the same size of aggregate (P < 0.05).
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Table 3 Distribution of readily available potassium content in soil aggregates at different tea plantation ages
+J2 (cm) HIZEAERR (a) A KL Soil aggregate size
Soil layer Plantation age ~2 mm 0.25~2 mm 0.053~0.25 mm <0.053 mm
0—15 5 40.19£0.55 aC 39.00 +0.62 aB 30.48 +£2.78 bC 41.28+3.33 aB
10 4441 £0.32aC 39.72 +4.34 aB 43.62+5.70 aB 42.37+4.41 aB
15 70.80 £ 0.63 aB 55.81 £2.95bA 51.20+ 1.40 cA 50.00 £ 1.26 cA
30 79.05 £5.00 aA 60.46 £4.96 bA 5527 +3.16 bA 54.36 +0.63 bA
15—30 5 33.41+3.74aC 29.53 £0.82 abC 27.70 £2.22bC 35.64+1.37 aB
10 35.24+2.40 aC 32.57+1.72 aB 37.51 +4.86 aB 36.19 +5.04 aB
15 50.82 +0.84 aB 49.02 £ 0.82 abA 4843 £ 1.11 bA 41.64 £ 1.67 cA
30 56.14+1.10 aA 50.45 + 1.64 bA 49.72 £3.16 bA 42.00 £ 1.09 cA

IE (Note) : HHREARF/NG | KRS T35 IR ] — A AR RS R SR A4 ) | AR DI ER AT SR AR R AR 2 AR R ] 22 7 3% (P <

0.05) Values followed by different small and capital letters indicate respectively significant difference among aggregate sizes under the same

plantation age and among plantation ages under the same size of aggregate (P < 0.05).
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Table 4 Distribution of slowly available potassium content in soil aggregates at different tea plantation ages

IR BRI Soil aggregate size

+J)2 (cm) FEASAERR (a)
Soil layer Plantation age >2 mm 0.25~2 mm 0.053~0.25 mm <0.053 mm
0—I15 5 109.27 +£5.06 bC 108.99 +9.34 bC 134.58 £ 1.66 aC 135.04 £3.33 aB
10 111.44+0.32 ¢C 112.28 +£7.96 cC 141.19+1.96 bB 172.54 +£ 18.41 aA
15 130.36 £ 1.74 cB 140.58 +4.49 beB 151.73 £4.51 bA 184.21 + 14.26 aA
30 166.79 + 8.31 bA 157.20 £ 1.43 bcA 154.94 £ 3.96 cA 190.14 £ 11.93 aA
15—30 5 100.74 £ 4.21 bC 100.49 +4.09 bD 120.79 £ 4.21 aB 12523 £ 6.67 aC
10 109.76 £ 6.77 cC 114.21 £7.22 beC 129.46 £ 11.17 abAB  140.13 + 12.63 aBC
15 138.86 + 6.31 bB 130.98 +£2.78 abB 130.75 £ 13.03 bAB 15397+ 13.15aB
30 151.41 £ 6.81 bA 150.46 + 4.30 bA 145.92 £ 7.32 bA 169.05 + 1.09 aA

IE (Note) : HUREARFI/NG | KB GR35 3R 7] — A2 AR IR [RDRC A SRR AR ) 2 P 2R MRS [ R 2 AR PR (] 22 53 35 (P <

0.05) Values followed by different small and capital letters indicate respectively significant difference among aggregate sizes under the same

plantation age and among plantation ages under the same size of aggregate (P < 0.05).
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Fig. 1 Cumulative release of available K from each size of soil aggregate at different tea plantation ages
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Table 5 Kinetic characteristics of available potassium release from each size of soil aggregate in different tea plantation ages

— 2R Sy P Elovich 517 XU R
HARAFIR ik First-order kinetic model Parabolic diffusion model Elovich model Power function model
Plantation age Size
(a) (mm) « ) SE ) SE ) SE « s SE
(mg/kg) (mg/kg) (mg/kg) (mg/kg)
5 >2 0.020 0.975 4.59 7.38 0977 420 1228 0.878 9.34  64.08 0.942 7.33
2~0.25 0.017 0.959 4.02 5.63 0978 3.06 9.07 0.814 8.85 6627 0.876 7.71
0.25~0.053 0.018 0.979 3.53 545 0963 3.86 9.00 0.842 7.94 4973 0914 6.72
<0.053 0.016 0.948 5.39 6.16 0973 443 10.04 0.831 923  53.01 0913 7.74
10 >2 0.022 0.995 2.49 797 0.993 247 1338 0.899 9.14  66.80 0.958 6.74
2~0.25 0.018 0.930 8.73 6.80 0.981 313 11.27 0.857 8.65 6832 0.921 7.27
0.25~0.053 0.022 0.967 5.21 6.29 0.992 224 1038 0.873 873  46.08 0.941 6.44
<0.053 0.018 0.931 7.14 7.28 0974 429 12.05 0.855 10.10 50.22 0.937 8.00
15 >2 0.023 0.996 3.22 11.82  0.996 261 1925 0.848 16.60 116.1 0897 13.5
2~0.25 0.020 0.955 10.2 10.45  0.982 516 17.74 0907 11.58 101.2  0.960 8.90
0.25~0.053 0.020 0.943 8.53 10.18  0.992 332 1677 0.862 13.64 7550 0922 104
<0.053 0.021 0.973 4.85 9.10 0.985 409 1540 0905 10.16 68.44 0.959 7.19
30 >2 0.025 0.969 4.59 12.07  0.999 099 2053 0.889 1386 132.1 0933 0.94
2~0.25 0.023 0.976 2.52 11.59 0975 6.94 1930 0.904 1028 106.7 0955 10.5
0.25~0.053 0.018 0.973 4.85 11.46 0975 6.56 1892 0.853 1598  80.69 0923 12.6
<0.053 0.018 0.956 3.72 10.14  0.986 429 1652 0.840 1466 7826 0916 11.8
7 (Note) : k—45 T AYHAE $L Constant of potassium release in each model; SE—#r#fiR 7 Standard error.
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