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The response of soil nutrients ( carbon and nitrogen) and extracellular enzyme

activities to drought in various cultivation ages from tea orchards
ZHAO Xing, ZHONG Yiming, YANG Jingping” , LU Yamin, Wang Xiaopeng

Institute of Environmental Protection, College of Environmental and Resource Science, Zhejiang University, Hangzhou 310058, China

Abstract; Frequent summer droughts, caused by climate change, have negatively affected the productivity and quality of
tea orchard soil. Tea ( Camellia sinensis 1.) is an important cash crop in southern China, therefore it is important to
examine soil nutrients, enzyme activity, and microbial community structural shifts under such summer drought conditions in
various cultivation ages. In this study, the pot method was utilized to investigate the soil quality of various cultivation ages of
0, 10, 30, and 50 years. These pots were incubated at 25°C and given two different water treatments (30% and 55%
WEPS (water-filled pore space) ). Throughout the incubation period, soil samples were taken to measure the soil carbon,
nitrogen content, and extracellular enzyme activities at 0, 7, and 14 days. The results indicated that prior to the incubation
period, nitrate nitrogen, ammonia nitrogen, microbial nitrogen, and the total organic carbon in the soil increased with
cultivation age. The microbial carbon and the extracellular enzyme activities ( B- 1, 4-glucosidase activity related to soil
carbon and N-acetylglucosaminidase and l-leucine aminopetidase activity related to soil nitrogen) were highest at the

cultivation age of 30. Soil samples taken under drought conditions, displayed increased extracellular enzyme activities, soil
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organic carbon, soil nitrate nitrogen, and ammonia nitrogen contents while soil microbial carbon and extracellular enzyme
activities declined. The soil samples taken from a cultivation age of 30 exhibited a relatively high amount of dissolved
organic carbon, microbial nitrogen, nitrate nitrogen, and soil extracellular enzyme activities throughout all incubation
periods. The drought conditions had a significant influence on the contents of soil nitrate nitrogen, ammonia nitrogen, total
organic carbon, and microbial carbon. Furthermore, the correlation analysis of soil carbon and nitrogen related biochemical
properties indicated that the carbon and nitrogen soil nutrients affected one another. The results of the study indicated that a
30-year cultivation of the tea tree had a positive effect on the accumulation of soil nutrients but tea tree cultivation for almost
50 years produced an inferior micro-ecological environment. Thus, to improve the soil environment in tea orchards,

measures such as balancing fertilization and green cover, should be considered.

Key Words: tea orchards; cultivation age; soil nutrients; extracellular enzyme; drought
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F1 TEMER
Table 1 Soil properties

WiH TR/ % RANR / (g/ke) BA/ (g/kg)
Items pH Water content Total organic carbon (TOC) Total nitrogen(TN)
i Hh Barren (YO0) 5.10 18.75 6.79 1.38
10—12 4£ 10—12a (Y10) 4.00 23.93 15.62 1.98
28—30 4F 28—30a ( Y30) 4.02 24.86 18.51 1.82
48—350 4F 40—50a (Y50) 3.79 29.76 42.36 2.36

1.2 i Ab
SO E I EE N AR R SR 48 (2 P g K B X2 YRHUCEERS ] x4 A 3R Fix3 IREE R ) 7.5em ( HAR ) X
10em ( 55) B9 PVC & IREBAL_ 2P A Bl 1k 385898, 55 PVC 4525 A 300 o #rfef 38 TR R R4, I E

7K 38 5 K& 30% (T 5240) Fi1 55% WEPS(NFREZE) | 25°C ta IR 55 35 W5 J8] |, 4 P 10 S o v S JG 1 4l /K 3
IR A B T R 14 RBERERRE . RAE B L 3ERE S A P, — 10 4°CARAE , — 00 T, F T AR G A8 brkd
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B (W =1:5) )5, 20 e B i EE vk A58 AR RO b e . - 4983 W 0 ( MBC T MBN) >R
S T 20 T FH SR EBGR BRI S sz 0 B AT ( BG) N-LBEE IR A B (NAG) IR &R A
FERHEE (LAP) 155 R RO AR L e kil i , 3L R [ sigma 2], SR Z IRERF AR 1L ( MDS , Molecular
Devices ) Kzl 5¢ 5%, 365 nm #% ,460 nm K MZEE5RE A MEETEE 8 WK, BHG T2 18 DeForest ™ |
1.4 e 50 br
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2.92 4.19 1 1.25 £, AbHS, Y10 A1 Y30 3 BC 6K MR FRAG, T2 4006 M B K T X R (B 2) .
2.2 KA AL BERT I ASFIRE A AR B A 1 U R AR

AL PRFT IR S A (NOS-N) & 345 25 280 (NH, =N ) 5 BEAE S AR FRAS Jn i 75, NO,-N & il A
3.72—43.41 g/kg,NH,-N &85 N 34.21—80.27 g/kg, 7 F1 14d 5 13 NO,-N &8 TH5, 5241 NO,-N &
R E R T R 14 NH,-N SR ET e B, TRARES T (K 3),

AR AR HE 2 i A ) A ( MBN) B 25 AR A% A1 BIR A 388 00 iy 2 35 380, Y30 21 Y50 i & K240 63%,
AEFE 7d F114d J5 , 3 MBN & BB FRAR (B 4) o K43 Ab B2 1 3805 UGS 1 (NAG+LAP ) Bl 5 AF 4%

http ; //www.ecologica.cn



4 A E = 37 &

V2 Y030% LA v1030% " 71Y3030% E=vY5030%
Y Y0 55% NN Y10 55% Y30 55% E=Y5055%

30 ¢
b
25 + b b 5, B be BB
T T ¢ C ¢

EE‘) 2 F 2 %iTCT ﬁﬁ*c_-‘,i-_]) §% "
&3 = — =
i E = = a =
wmE ISE = a A = A =
%Lg) ol N = %ﬁ = %§ =

| = — —

0 = . = =

45 TCT d

40 L == ® c é

35 - == == =2
g 30 - == = —
ﬁﬁ i = = B =
WS a0 L === B 3, B Ny =
%8 15 | %ﬁf NEH % = %§7%§

0 2 = a = a =

LENE BN AN

0 = = =

0 7 14

fif 1) Time/d

B1 BEFERIEREKSGETABEEFIRMNZFIRE
Fig.1 Variations of DOC and TOC with different tea cultivation ages incubation at 30% and 55 %WFPS
30% 1 55% 103 5 KAt 309% H1 55% WFPS 3 AN[F/ING FIRE T84 AR R [l — I 1] 30% 1 5% WFPS KPR FIAE AR AR IR 13570 22 RV
%, AR — B LA ) 0 AN [l K 23Rk PR ) 398 57 502 et W35 (P<0.05) . B P 8 P (bR iEE (n=3)

V2 Y030% Y10 30% Y3030% B3 Y5030%

o N Y0 55% Y Y10 55% Y3055% =] Y5055%

100
90 - *
80
70 — B
af &
50 ¢ % *

40 - BN a a ﬁ%
0 F a N
20 F ON

10 =

Nk
Ao

[T T He

AR
MBC/(mmol/kg)

[[[H-=°

[[[114

[ =

[T
[

IS

110 c
100 N
9
80 — b
70
60
50 % A A
40 ﬁ * *

oro, X N
20 F ONN

10 —

f

T -
il
>
7
!
IE
-
N
\*o
TS

[TH°

[EENEEES
-1,4-glucosidase activity/(nmol-g”"-h™! )

I i) Time/d

B2 HHEFERTBEREKSSSETHEYHRN B-HEEFEEEETL
Fig.2 Variations of MBC and activities of BG with different tea cultivation ages incubation at 30% and 55 %WFPS

http ; //www.ecologica.cn



24 B A AN RS AT BR A SR S TR 73 B AN X 5 F o

V2 Y030% Y10 30% Y3030% B Y5030%
N Y0 55% Y Y10 55% Y3055% [ Y5055%

80
C
70 %
Pl
~ 60 | b
B d
~
B 50 | d c ikD 3—7* %d B
g TT = B =
§§ 40 - == *%?"& = A i N
0 — b — —
He 30 F == N= . =
% 20 7 = A 7 == a % E:
b E a, = 57 E
BN AN =
0 AN — = =
180 | é::
160 |- ="
D 140
}zgo 120 + d
< 100 | 3
=z d =,
T80 - ¢ EErE b —
Z 0 L b RN =i
°r « PRYRES =5
20 - NN = =
O — | —
0 7

fif ] Time/d

B3 BEFERIBEARKSFILETRSEMHEERETL

Fig.3 Variations of soil ammonia and nitrate nitrogen with different tea cultivation ages incubation at 30 %WFPS and 55%WFPS
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Table 2 Pearson’s correlation coefficients among soil carbon and nitrogen related biochemical properties

i H Ttems pH NO;-N NH,-N MBN NAG+LAP TOC MBC BG DOC
pH 1

NO;-N -0.617 1

NH,-N -0.488 ** 0.684 ™ 1

MBN -0.312**  -0.015 -0.306 1

NAG+LAP -0.324"" 0.147 -0.144 0.315** 1

TOC -0.771** 0.561** 0.522** 0.416 ** 0.035 1

MBC -0.479 0.464** 0.079 -0.007 0.301* 0.157 1

BG -0.183 -0.247* -0.210 0.324** 0.621**  -0.123 0.082 1

DOC -0.795** 0.496 ** 0.302** 0.173 0.537** 0.351** 0.463** 0.346** 1

* FER I F A ( P<0.05), * * %\%i’\‘*&ﬁ%*ﬁ/\( P<0.01); NO5-N; YA A nitrate nitrogen; NH,-N: E S ammonia nitrogen; MBN; A4
A microbial biomass nitrogen; NAG+LAP . N-Z, 1k 2 e JUA T R 22 i ik JOAC Tl 1 N-acetylglucosaminidase and 1-leucine aminopetidase activity; TOC :
EA VLR Total organic carbon; MBC A% microbial biomass carbon; BG: B—%%*}%ﬁ‘ B-1,4~-glucosidase activity; DOC ] YA DL

dissolved organic matter

3 itig

AW 5T 3 B 7K 43 Ab BT 1€ NH,-N \NO,-N MBN LI} TOC FififE 2547 FRIG 0 5, Ul BHAE 9 XA A% S
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At R e A R I A AR 3 B R A B R i 4 bl 58 MBC R DOC Bl 25 47 FRIEH M FEAIG, 3 7T e 2
T A A AR RS 9 1R Ah ™ B, 338 S IS PR B A M T AR WL fL BB J1 1) BG Rl NAG+LAP 7 1%
BEREAS AR BRI e T i 5 A, A T 5T 2 WA JUR G T At JUR 8 RO P it > 905 o Bt 2 AR AV s i) g 346
K B BRI G AR A 3T REJE A ZS4FFR 50a 19 385 Wy 841G pH RS R R 3000, pH i 1 45
H A D=1 B Tk L ARG 52 728 A LA R i T A S PP R R i) - S Al P ) T DS 244 R A
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AbEE, T 54119 13 TOC .DOC \NH,-N F1 NO;-N 4t Fooxt B2 i X w] B2 H T RN T LA RUAE W s
P M FEARR T A %t - BETOHLIR 43 (0 R R R B 20, b — A 52 o - 39 v i R L 1) R 20 0 R S 940
WAl e TR T — 2 A TR A, X IR4L NO,-N & KT T 541 A — 5543 B Kl i 218
AT 3 b RS A A B 52 4 AT 1) 25 AP RO 29 N, Wang %57 Al Schindlbacher %5 {1
AR R 58 NO,-N W EE T AR E NH,-N R B RE MG, X S AR S SRR —3, X AT ig 2R T T 24
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