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Responses of soil aggregate-associated organic carbon and nutrients to tea cultivation age in
southern Guangxi, China. WANG Sheng-qgiang', DU Lei*, YE Shao-ming'* (' College of Fores-

try, Guangxi University, Nanning 530004, China; >College of Resources, Sichuan Agricultural Uni-
versity, Chengdu 611130, China).

Abstract : Understanding the response mechanism of soil aggregate-associated organic carbon ( OC)
and nuirients to tea cultivation age can lay a theoretical foundation for improving soil fertility, ensu-
ring soil health, and promoting sustainable utilization of soil resources in the tea plantations. In this
study, concentrations of soil OC and nutrient were analyzed in >2, 2—1, 1-0.25, and <0.25 mm
fractions (split by a dry-sieving procedure) at the 0—20 cm soil layer in four tea plantations with
Baimao tea of different ages (8, 17, 25, and 43 a) in southern Guangxi, China. The distribution of
soil aggregates showed that the dominant aggregates were >2 mm fractions with a mean value of
63.8% , followed by <0.25 mm fractions, while 2—1 and 1-0.25 mm fractions with mean values of
9.9% and 7.8%, respectively. As an indicator of soil aggregate stability, the mean weight diameter
(MWD) in the tea plantations showed an order of 17 a >8 a >25 a >43 a. Regardless of tea cultiva-
tion age, soil aggregate-associated OC and total nitrogen (TN ) concentrations increased with in-
creasing aggregate size. Soil OC and TN concentrations in >2 and 2—1 mm fractions were signifi-
cantly higher than those in other fractions. The mean values of soil OC and TN concentrations were
18.76 and 0.84 ¢ « kg™ in the >2 mm fractions, and were 18.65 and 0.80 g - kg™' in the 2—1 mm
fraction. Soil aggregate-associated available nitrogen (AN) , available phosphorus (AP), and availa-
ble potassium ( AK) concentrations were highest in the <0.25 mm fractions with mean values of

ARSCH E R HARBIA R T0H (31460196) FIJFE 4 SRR £ FE 435 H (2019GXNSFBA185012) % Bl This work was supported by the National Natu-
ral Science Foundation of China (31460196) and Natural Science Foundation of Guangxi (2019GXNSFBA185012).

2019-07-04 Received, 2020-01-15 Accepted.

# WIAMEZ Corresponding author. E-mail; yshaoming@ 163.com



838 N A

&l 31 &

50.43, 23.06, and 68.04 mg - kg™', respectively. Long-term tea cultivation was favorable to the
accumulation of soil OC, TN, AN, and AP, whereas the accumulation rates of these element stocks
in the whole soil decreased with increasing tea cultivation age. In contrast, soil AK was susceptible
to leaching in tea cultivation, with the loss rate of this element stock in the middle stage (from 17 to
25 a) being higher than those in the other stages. To ensure soil quality and promote the sustainable
utilization of soil resources, more attention should be paid to the problems such as the decrease of
soil aggregate stability and the aggravation of AK loss after 17 a of tea cultivation.

Key words: tea cultivation age; soil aggregate; organic carbon; nutrient.
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Table 1 Basic information of the tea plantations with dif-
ferent ages

FEARAERR b PR A bR 5273 Yo [

Tea Geographical Elevation Slope Area

cultivation coordinates (m) gradient  (hm?)

age (a) ()

8 22°48'33" N, 558 14 16.17
109°12'09" E

17 22°48'12" N, 561 13 15.39
109°12'51" E

25 22°48'54" N, 563 15 12.46
109°12'36" E

43 22°48'25" N, 557 13 13.23
109°12'24" E
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Table 2 Litter and soil physicochemical properties in the four tea plantations with different ages ( mean+SD)

HZRARIR &Y Litter % Soil

Tea o BRAIL A iz Bk BihL pH Fiblu 2R BRI A

cultivation Weight C/N Bulk Sand Silt Clay Organic Total Available ~ Available ~ Available

age (a) (g ratio density  (2~0.02  (0.02~0.002  (<0.002 C N N P K

(grem™) mm, %)  mm, %)  mm, %) (5-ke™) (g-kg™") (mg- kg™")(mg - kg™")(mg - kg™")

g 821+ 14.23+ 1.29+ 30.2+ 36.2+ 33.6+ 4.57+ 14.37+ 0.67+ 40.24+ 17.48+ 78.49+
21b 1.61c 0.03a 0.1a 0.3a 0.2a 0.03a 0.41¢ 0.02d 2.25¢ 1.24¢ 3.17a

17 974+ 12.68+ 1.27+ 31.2% 36.3+ 324+ 451+ 16.96+ 0.77+ 43.72+ 19.54+ 70.56+
34a 1.26¢ 0.04a 0.2a 0.2a 0.2a 0.02a 0.52b 0.01c 2.41b 1.38b 2.06b

25 786+ 17.32+ 1.30+ 30.8+ 35.9+ 33.3% 4.32+ 17.58+ 0.81+ 45.19+ 20.44+ 52.46+
28¢ 2.24b 0.03a 0.2a 0.2a 0.2a 0.01b 0.41ab 0.03b 1.83ab 1.01b 2.34¢

13 648+ 21.37+ 1.31+ 29.3+ 37.5+ 33.2+ 417+ 18.75+ 0.85+ 48.56+ 2237+ 45.38+
19d 3.11a 0.02a 0.2a 0.1a 0.1a 0.02¢ 0.48a 0.02a 1.49a 0.98a 1.47d

[RFT AN [F/ING B /R AN [RIAE A AF PR B] 22 57 2. 3% (P<0.05) Different lowercase letters in the same row meant significant difference among different tea

cultivation ages at 0.05 level.
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Table 3 Effects of tea cultivation age on distribution and stability of soil aggregates

TS AERR AP R AL 1K MWD
Tea cultivation Composition of soil aggregate fractions (% ) (mm)
age (a) >2 mm 2~1 mm 1~0.25 mm <0.25 mm

8 64.2+3.1aB 10.5+1.0cA 7.5+0.5dA 17.9+1.3bC 2.5+0.1B
17 71.4+3.3aA 8.9+0.5¢cA 8.2+£0.6cA 11.4+1.1bD 2.7+0.1A
25 62.2+2.5aB 10.3+1.1cA 7.1+£0.6dA 20.3+1.0bB 2.4+0.1B
43 57.2+2.5aC 9.8+0.7cA 8.3+0.5cA 24.7+1.8bA 2.2+0.1C

[T AN F/ING TR R R AR AR AR B R IR A 22 573 B3| RIFIAFRE FRER R AR FFE A FR [A] 22 53 1 2 ( P<0.05) Different lowercase letters in the

same row indicated significant difference among different soil aggregate fractions, and different capital letters in the same column indicated significant

difference among different tea cultivation ages at 0.05 level. T [F] The same below.

18.76 A1 18.65 g - kg™ ;1~0.25 Fl<0.25 mm HifE 4]
REEHIIR S BB EMNT>1 mm #0484 (F
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FAZRAE IR IR RIA 2R F L MAE>2 Fl 2~ 1
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g-kg'i>1 mm HFRAUBELASHEEST
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RN AR <0.25 mm KA SRR R dge ey S {E 43
WK 50.43 .23.06 i1 68.04 mg - kg™';1~0.25 F1 2~
AR R R AR B o e I, ST SAME 4 i) R 43,52
16.61F1 60.39 mg « kg ' (£ 4), FHEFEASBR A0 4E
e, # b A A SR PR ha A SRR Rl o i i T,
HIE 1~0.25 F1<0.25 mm K745 A R Hm i 2
AU B B I IR AR 5 A5 R0 AR AT SR A A3 1
FERAZE 8 ~ 43 AE WA AT T REAIR, T H & >2 mm Rife
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Table 4 Effects of tea cultivation age on soil aggregate-associated organic C and nutrient concentrations

bR HZRAFFR TR R AL Soil aggregate size (mm)
Index Tea cultivation
age (a) >2 2~1 1~0.25 <0.25
A Bk 8 16.47+0.38aD 16.21£0.13aD 12.62+0.13bC 9.14£0.06¢C
Organic C 17 18.24+0.21aC 17.93+0.22aC 14.48+0.16bB 10.57+0.11¢B
(g-kg™") 25 19.71+0.27aB 19.46+0.17aB 15.05+0.21bB 10.24+0.07¢B
43 20.62+0.13aA 21.01+0.31aA 16.91+0.19bA 12.49+0.12cA
B 8 0.78+0.03aC 0.79£0.02aA 0.61x0.01bC 0.51x0.01¢C
Total N 17 0.83+0.02aB 0.77+0.01bA 0.65+0.03cB 0.64+0.04cB
(g-kg™h) 25 0.84+0.04aB 0.81£0.03aA 0.70+0.04bA 0.69+0.02bAB
43 0.91+0.01aA 0.82+0.02bA 0.71+0.02cA 0.72+0.03cA
AR 8 39.81+2.13¢C 41.62+1.46bC 42.71+0.80bB 45.83%2.49aC
Available N 17 43.24+1.74cB 45.98+1.38bB 47.62+2.42abAB 49.31+2.87aB
(mg - kg™") 25 44.73+2.49cB 46.64+0.87bB 48.87+1.47bAB 51.61+2.66aB
43 46.29+0.87cA 49.48+2.11bA 50.37+0.38bA 54.98+2.10aA
Rk 8 14.17£1.33¢C 15.34£0.62cC 17.48+1.36bC 19.91+1.01aC
Available P 17 16.81+1.47bB 17.17+1.03bB 21.49+1.24aB 22.88+0.88aB
(mg - kg™") 25 17.26+0.86cAB 19.56+0.80bAB 22.37+2.51aB 23.45+1.42aB
43 18.18+1.19dA 21.14+1.39cA 24.58+1.68bA 26.01+0.64aA
AL 8 78.31+3.41bA 78.49+2.47bA 81.26+1.36abA 83.61+1.47aA
Available K 17 69.47+2.87bB 71.18+1.61bB 70.89+1.28hB 75.48+3.28aB
(mg - kg™") 25 51.21£3.01hC 53.47+2.53abC 55.81+2.14abC 58.17£2.61aC
43 42.58+1.36¢D 50.06+0.98hC 52.4122.00abC 54.88+0.97aC
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Table 5 Effects of tea cultivation age on soil aggregate-associated organic C and nutrient stocks

Ei2aN FHAS AR £+ P RAK RIS Soil aggregate size (mm)
Index Tea cultivation Whole-
age (a) soil >2 2~1 1~0.25 <0.25
A LR 8 3830+232C 2726+112aC 438+34hB 244+23cB 421£32hC
Organic C 17 4324+118B 3307+104aA 407£21bB 303+34cAB 307+28cD
(g+-m?) 25 4531+241AB 3188+184aAB 523+26bA 279+28cAB 541+30bB
43 4807+154A 3092+163aB 541231cA 366+41dA 808+57bA
2R 8 185.78+7.23C 129.12+5.12aB 21.3622.31bA 11.79+1.98cB 23.51+2.38hC
Total N 17 200.17+6.49B 150.48+6.38aA 17.48+1.28bB 13.60+1.57cB 18.60+1.02bD
(g+-m?) 25 207.07+8.43AB 135.87+4.69aB 21.75+1.49¢A 12.98+2.03dB 36.47+5.68bB
43 219.49+5.61A 136.47+7.58aB 21.12+2.05¢A 15.35+1.78dA 46.56+4.21bA
AR 8 10.65+0.14D 6.59+0.17aC 1.13+0.06¢B 0.83+0.04dB 2.11£0.02bC
Available N 17 11.49+0.11C 7.9620.16aA 1.0620.04cB 1.01+0.03cA 1.4620.01bD
(g-m?) 25 12.03+0.13B 7.18+0.12aB 1.24£0.07cA 0.90+0.02dB 2.7120.03bB
43 12.66+0.17A 6.84+0.14aC 1.25+0.05¢A 1.07+0.03dA 3.50+0.02bA
AR 8 4.02+0.08D 2.35+0.06aC 0.41+0.03¢B 0.34+0.01dC 0.92+0.04bC
Available P 17 4.55+0.07C 3.05£0.07aA 0.39+0.01dB 0.45+0.02¢B 0.66+0.06bD
(g+-m?) 25 4.97+0.13B 2.79+0.09aB 0.53+0.02cA 0.41+0.01dB 1.24+0.03bB
43 5.48+0.10A 2.73+0.08aB 0.54+0.01cA 0.53+0.01cA 1.68+0.07bA
TR 8 20.5120.34A 12.9620.24aA 2.12£0.06cA 1.57+0.08dA 3.85+0.08bA
Available K 17 18.17£0.27B 12.79+0.17aA 1.64£0.04cB 1.51£0.06dA 2.23+0.05bD
(g-m™?) 25 13.72+0.19C 8.22+0.12aB 1.43£0.08¢C 1.03+0.04dB 3.05£0.01bC
43 12.17+0.23D 6.29+0.08aC 1.27£0.07cD 1.12+0.03dB 3.49+0.03bB

64.3% ~76.5% K [ T>2 mm B2 F B, Hik 2
<0.25F12 ~ 1 mm Hi 48 A RAK, 1 3k 16.5% ~
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