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Effects of Nutrient Management on Soil Fertility and Tea Quality in Anxi Tea
Plantation

LIU Yang, SUN Lili, LIAO Hong'
(Root Biology Center, College of Resources and Environment, Fujian Agriculture and Forestry University, Fuzhou 350002, China)

Abstract:  Objective Tea is the most important non-alcoholic beverage crop in the world. To meet increasing demand of the
market, tea production is intensified through nutrient management. Anxi County in China is one of the main regions producing
famous oolong tea—Tieguanyin, where lagging nutrient management is the bottleneck of tea production. This study aims to
provide a scientific basis for nutrient management in Anxi tea plantations, through comprehensive analysis of effects of nutrient
management modes on plantation soil fertility and tea leaf quality. =~ Method In 2015, tea and soil samples were collected from
50 representative tea plantations in the ten major tea production towns of Anxi County, including 150 fresh tea leaf samples, 50
surface soil samples (0-20 cm) and 46 profile soil samples (top: 0-20, mid: 20—40, sub: 40-60 cm). The soil samples were
air-dried and ground for determination of soil pH, organic matter (OM), alkali nitrogen (AN), available phosphorus (AP) and

* R BARLARESIUE (2017701602 ), el “ARAR 2 3523 miioth BN QUHT AR 350 A ME 2K A ARk & 5T (31701989)
FL:[5] % B Supported by the Natural Science Foundation of Fujian Province in China ( No. 2017J01602 ), MOA Modern Agricultural Talents
Support Project and the National Natural Science Foundation of China ( No. 31701989 )

+ M IRAE# Corresponding author, E-mail: hliao@fafu.edu.cn
EZRIA: X B (1993—), B, WWREMA, WA, B F . AP EF. E-mail: 329129309@qq.com
Wi HHH: 2019-04-30; WeEIME SR HIM: 2019-11-07; RSB HIIH B (www.cnkinet): 2019-12-06

http://pedologica.issas.ac.cn



918 + gEid 2 Eile 57 &

available potassium (AK), the five indices set as soil fertility parameters in this study, and the tea leaf samples were analyzed on
UPLC-MS (ultra-high performance liquid chromatography coupled with triple quadruple mass spectrometry) for determination of
contents of nine main tea-quality-related secondary metabolites. By N fertilization rate, the 50 tea plantations were tentatively
divided into three groups: low, moderate and excess. Result Based on the division, restricted principal axis analysis shows that
nutrient management significantly explained 34.4% of the overall differences in topsoil fertility between the tea plantations
(P<0.001), which further confirmed that the classification by N fertilization rate could represent the comprehensive level of
nutrient management of a tea garden. The tea plantations of the moderate group significantly differed from those of the low and
excess groups in soil fertility in the top and mid soil layers, but did not so obviously in the sub soil layer. Nutrient management
had the most significant effect on AP among the five soil fertility indices in the topsoil, which was followed by AK, AN and OM,
and excess fertilization resulted in severe soil acidification. Further analysis shows that nutrient management significantly
affected tea quality and explained 7.48% of the differences in the comprehensive tea quality between the groups (P<0.001). The
tea leaves from the plantations of the moderate group were the high in content of secondary metabolites, and so the best in tea
quality.  Conclusion  On the whole, nutrient management does not only affect soil fertility in the tea plantations in Anxi, but
also influence quality of the Tieguanyin produced therein. Either excess or less fertilization is not suitable for production of high
quality tea leaves. A proper N fertilizer application rate for high-quality tea production in Anxi tea region is recommended to be
200-400 kg-hm>a™".

Key words: Soil fertility; Tea leaf quality; Secondary metabolites; Nutrient management; Tea plantation
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Fig. 2 Restricted principal axis analysis ( CPCoA ) of soil fertility relative to nutrient management mode
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Fig. 3 Changes in soil fertility relative to nutrient management
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Table 1 Variation of soil fertility along profile depth
BT TR
pH OM/ (gkg') AN/ (mgkg') AP/ (mgkg') AK/ (mgkg™!)
Management mode Soil depth/cm
L 0~20 4.56+0.15ns 19.70+2.01aB  44.04+7.07aB  14.99+2.65aC 102.0+11.36aB
(n=14) 20~40 4.44+0.09ns 15.60+1.75aA  35.81+3.31aB 6.64+1.57bB 90.56+11.21aB
40~60 4.44+0.07ns 14.86+2.18aA  33.29+3.59aA 5.00+2.20bB 82.92+9.29aB
M 0~20 4.30+0.06ns 24.70+2.22aB  47.50+£6.22aB  64.23+7.47aB 124.2+16.13aAB
(n=13) 20~40 4.20+0.10ns  17.05+2.10bA  35.11+4.76abB  23.49+6.85bB 119.6+14.55aB
40~60 4.26+0.09ns 15.86+1.92bA  31.36+£3.36bA 8.28+3.40bB 113.3+15.17aAB
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gk
B TR
pH OM/ (gkg') AN/ (mgkg') AP/ (mgkg") AK/ (mgkg™")
Management mode Soil depth/cm
E 0~20 4.27+0.09ns  32.32+2.94aA  63.194+2.42aA  232.4+19.64aA 168.0+23.60aA
(n=19) 20~40 4.27+0.06ns  21.05+1.80bA  49.78+3.50bA  67.86+11.95bA 175.3+18.95aA
40~60 4.31£0.04ns 13.97+1.13cA  35.70+£2.22cA  24.46+6.46cA 126.7+11.89aA
F{H Fvalue

NM 6.13%* 5.80%* 8.80%** 62.73%%** 8.96%**

SP 0.63ns 20.02%** 14.03%** 53.70%*** 2.04ns

NMxSP 0.18ns 2.01ns 0.63ns 25.30%*** 0.69ns

TE: NM: FR-EH, SP: HIEHIM, [F—MRAR/NG PR R —E )7 N AR LR 2R 2% (P<0.05); ARIKET
+ LR A — L EARFE B 7 0] 2% 57 5.3 ( P<0.05 ). Note: NM : nutrient management, SP: soil profile. Different low-case letters the same
column of trait indicate significant differences between soil layers in the same profile. Different upper-case letters indicate significant
differences between fertilization modes at the same soil layer ( P<0.05) .

F2 TEHEBUMERAITFE
Table 2 Statistical characteristics of physico-chemical properties of soil profiles
HHFK  LRRE pH OM AN
Management Soil _ Min/ Max/ Min/ Max/
types depth/em Min Max CV/% ( g~kg’] ) g~kg’] ) CV/% ( mg~kg’] ) ( mg'kg’l ) CV/%

0~20 3.9 6.2 12.2 7.62 31.79 38.19 23.33 1L1 6002

L (n=14)  20~40 3.82 5.07 7.28 6.14 27.14 42.1 14.47 70 34.61
40~60 3.89 4.95 5.94 4.46 35.32 54.99 21.47 68.6 37.36
0~20 3.99 4.66 491 9.11 35.88 32.41 23.33 91.7 47.25

M (n=13) 20~40 3.34 4.69 8.95 10.41 36.62 44.35 17.5 80.73  48.85
40~60 3.73 4.64 7.25 8.18 33.09 43.6 13.07 45.5 37.08
0~20 3.68 5.47 9.28 19.15 70.09 39.68 37.33 7895  16.66

E (n=19) 20~40 3.95 4.95 6.35 11.53 37.55 37.31 30.57 83.77  30.69
40~60 3.96 4.78 4.46 7.44 24.26 35.33 25.56 49 21.5

TR LERE AP AK
Management Soil Min/ Max/ Min/ Max/
types depth/em  (mgkg") (mgkg!) v (mgkg™) (mgkg") v

0~20 2.10 28.62 66.19 49.3 179.7 41.69

L (n=14) 20~40 0.78 22.53 88.54 36.83 204.2 46.33
40~60 0.42 28.51 152.2 40.84 141 41.9
0~20 31.5 103.7 41.96 43.51 253.2 46.82

M (n=13) 20~40 0.83 67.31 105.1 62.66 222 43.88
40~60 0.44 44.85 147.8 59.99 257.6 48.27
0~20 126 413.7 36.83 38.61 428 61.21

E (n=19)  20~40 9.91 180.5 76.75 76.46 355.6 47.11
40~60 1.35 94.85 112 65.78 220.9 38.7

A Min: f/ME; Max: Jx K{E; CV: Z5 5% 2 %0, Note: Min: minimum value; Max: maximum value; CV: coefficient of variation.
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Fig. 4 CPCoA of secondary metabolites in tea leaves relative to nutrient management mode
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W (R A A, A% bel 4 P v L Sl A 7 B S 1% it
Ho RIS PR R PR SR IR A HRAR . AR R =
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