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Effects of different cropping patterns on soil microbial community functional diversity in tea gardens

WANG Ming—liang'?, LIU Hui—fen", WANG Li-1i*, YANG Dian—lin*, LIN Yan—yan®, XIU Wei-ming’, WANG Hui*, HUANG Jin’,
ZHANG Xiao—fu*

(1.College of Agronomy & Resources and Environment, Tianjin Agricultural University, Tianjin 300384, China; 2.Agro—Environmental Pro-
tection Institute, Ministry of Agriculture and Rural Affairs, Tianjin 300191, China; 3.Tea Research Institute, Shiyan Academy of Agricultur-
al Sciences, Shiyan 442000, China; 4.Economic Crop Research Institute of Shiyan City, Shiyan 442714, China)

Abstract: This study was performed in a tea garden in Xupingsi Village, Tanjiawan Town, Yunyang District, Shiyan City, Hubei Province,
to evaluate the effects of different mulching crop patterns on soil microbial community functions in 0~15 and 15~30 cm soil layers of the tea
garden. Four treatments were selected : Natural grasses(CK), ryegrass+white clover(EZ), ryegrass+white clover+bluegrass+red clover(SZ),
and ryegrass+white clover+bluegrass+red clover+purple fescue+hairy raccoon+cosmos+zinnia (BZ). The results showed that the activities

of urease, invertase, catalase, and phosphatase in the 0~15 cm soil layer treated with SZ were higher than those in the other treatments; The
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activities of urease, catalase, and phosphatase in the 15~30 cm soil layer treated with SZ were higher than those in the other treatments,

whereas the activity of invertase was lower than that in the other mulching treatments. The mulching crops increased the average well color

development(AWCD) of microbial communities in the 0~15 c¢m soil layer; AWCD was the highest in the SZ treatment, indicating the high-

est utilization efficiency of the carbon source. The mulching crops improved the soil microbial richness index, evenness index, and domi-

nance index in the 0~15 cm soil layer, but had few effects on these parameters in the 15~30 cm soil layer. The results indicate that the

mulching crops can improve soil enzyme activity and microbial community functional diversity, and SZ treatment had the best effect on the

0~15 cm soil layer. The findings of this study would be able to provide a theoretical basis for analyzing the effects of different mulching crop

patterns on soil functional diversity of microbial communities in tea plantations in the future.

Keywords: tea plantation; cover pattern; different soil layers; community functional diversity
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different soil layers under different cover modes

HpE S B AL ) S A (E 6) . dniE 6A BF7R , 7 0~
15 em 1)z, Bl B ) AR Ak, 3 P 0o fe st i) AR P 34
fn. PUFPAREI AL EE AWCD BI7E 24~72 h N & B THE
TE 72 h J5 A WA 7 O Bk 05 R FH B8 7 S 0 55 e
Horp SZ AR BB AWCD — FLAN F A, i B+ 1
AWV R B U5 RE ) Bk . Wl 6B PR L 7E 15~
30 cm 1 )2, PUFPAS[R] AL B AWCD 4 7E 24~96 h N &
JE T 55, 7E 96 h 5 TUAE W A 0 R sk U R H BB ) S 08055
=k

3 itig
A S P T R b W A AL AR B

— 336 —

207 A.0~15 cm

151

AWCD

24 48 72 96 120 144 168
15} 8] Time/h

LOT 15230 cm

0.8

AWCD

24 48 72 96 120 144 168
K] H] Time/h
-O-CK & Ez <-Sz -®B7
Elo AREBZEVEXT AR LE L EMEMEZEHHE
TURAWCD)EIEEN
Figure 6 Dynamic of average well color development(AWCD) of
soil microbial communities in different soil layers under different

cover modes

HE 37K, EOAT A SR A - SBEAE ) A B S AR

SNR 2 AEAL PR ZOK AR Y i, 2 b P ﬁﬁ%ﬂ:ﬁ’]
SR R, LT P e A1 S R SIS R A RS A
B AL R AN TOHLAS SR RE s WA Pl A 39 kA
1 52 PR A 22 S BT RE A HLR 23 o0 3R P g i 1 Ak
S BN it A, O JCHLRAE TE 3R, DT B il 5
Py s & S RERE I R 2 5 LA PLIRAE P 1 T,
GRS B T - 48 ) AR A E RIIE S 78 %o 48
b By v B SR BUES B AR S 4 R g
AL AU AR W s 7 A ) — S AR A S, 2
P RS REAEALIR Z S, A AL =
JE Py T R R - A A i W e Ak o el
PEE/ NP, TR R AR DR, SR T |
PARTR I 1o ST S il B TR s P PP A S HE T 114
HEAEAR . AT, 28 Bl R FHAS R BE s AE e
A ) 2= - e At DRI e 1 1l A 1 4 =
BRI R AR 52 MR AN T, RT3, 3 s A mT LA
SRR TR X5 AR TR T A R EEA— B, PN
SPAFEIRR ST A B, FEBLE B A A AR A R ) 1

http://www.aed.org.cn



EWI5E, 55 AR AR OO R P A IR D REZ AR B

202055 A

I, 2 A ERG G R Y B TR R LA T
Al BB S AN [ S5 Ve kst H 3R K F e
BLJST AR A G685 5 — 7 THI AT RS f T AN [R) o
VERI 553 5 i SO sl B[R]0, D ok AR E 9
PR () 75 2 VE A =) - Sl v M ) 52 i AN [R] , 4 b
YEVIRAERI K (SZ AL R ) A IFE IRl | TR T o 19 Il A1
b SR S P UL T At =P, SR oY o 1
HAS A R IUARRL , 32X AT g2 R R 4 R VR IR A X
AR R A A G 5, DRI - S R R s o —
7 T R el VR Z2 BRI RS, VE Y 22 18] 1) B AR
BN RT3 mon, HHER R 2 5 LN ES
FIFE, A Py B AL B 4 0 S, (A5 Bl T 1 1 5
HBEH VEY) Z R — 2538 VR 0] /) 5 4 3800 K
TFHANER , LRI FRAr KIS AE 22, 3R M
TR T RE

TEMAYANS S LD BT Rk, i
HX A 38 A SR AR A B BRI R 43 AR TR,
W52, - SRR W% fc 5 ) FH 8 0 FnA QI i 4 1
K/NAT F AWCD K/NRIR, FEAS B 58 oA [F) 2 55
VP Ass 0t 2% bel b S Tl 2k W s e R g ) LAY
B . 7E0~15 cm 2, AFEEEYHENS A
SR BA IR R A HE S AWCD B, 5% 6 B 7 25 VE W
AR F YR A IR AR RE T L i 5 Six S
R AR AR 5, R TE S Ew
TR T E W E SR B, PR TR B B 0 Bk I A R
Yy R SR R SRS IS, E0~15 em £
JZ, DU R 55 VR X b SZ AR BRI T AWCD AR B
£, s R AT R 4 AR TR 46 4 W i kst 1T R
A IATIRE , 550 T R JE R FH %

AP S AEY S VR AR 2R 51 s bl +
ERUE R TR E R E SR A AR AR s a2
S 1 R A AR ) E R AR TR
SEIIF Y 2R B, 2 R A 2 e n - SR A B
i, AT 4 IR SRR — B, R SR R R
T 0~15 em 2P AP BB, T 15~30 em 12)2
SEMREE /)N | 5 Ab FHOGE T S5 GCAE ) B0 1 52 i) 22 il A
Ko 7, 5 AREFERFMLL, WA 5P
th SZ Kb 3R f A A TR IR IR TR DI RE 2
P, X AT REAZ HH T 4 R0 S5 AR IR B 08 T8 1) SR &
3 UA AT T A MR DI RR R A

4 #ig

(D)5 BB IR AL, B R AR AT LAA [ 72

http://www.aed.org.cn

JE R 0~15 em 2 - EERR A | R A2 L AU
.

(2)5 HAREE IR T, B T A R
0~15 em 2 353k Wy wb B Y A A F R 2, HLAR
T HERUE R A R A S S R BRI B
FEEL.

(3) 5 AR IR L, B S5 VB 15~30 em
)2 U YRR DI BE 2 AR IR SRR L (R
M 45708

(4) BIZ R+ =+ FLBOR +20 =it 4 FpE P IR
TR T - HE 2 el 32 )2 1 Rk I3 A A RE T et o

SE Lk

(130K, BLa =, bk 5, 56 2 h L e B R i I8 7 [ R A4S
R AL A WERILI]. 50t F2#, 2002, 22(1) : 70-74.

HAN Wen-yan, RUAN Jian—yun, LIN Zhi, et al. The major nutritional
limiting factors in tea soils and development of tea special fertilizer se-
ries[J]. Journal of Tea Science, 2002, 22(1) : 70-74.

2] & FH 0, 25 . ZEROREE b L SRR i R MBI k(D). 2l
i, 2009, 31(4) :156-157.

LI Xiu—feng, LI Yun, Research progress on soil acidity and alkalinity
improvement in tea cultivation[J]. Journal of Tea Business, 2009, 31
(4):156-157.

[3] F ks, KBTI, AAEHT, 55 . LA AR RN L TSR R e st B
E T O AT L] 439, 2013, 50(5) :1013-1020.

WANG Sheng—qiang, ZHENG Zi—cheng, LI Ting—xuan, et al. Effects
of age of tea plantations on distribution of exchangeable base cations in
soil aggregates[J]. Acta Pedologica Sinica, 2013, 50(5):1013-1020.

[4] I . o IR AR 2 b 5 0] i S A BEOR D] DUh AR, 2010
(3):34-35.

LUO Chang - cheng. Reconstruction and management technology of
middle-aged and low-yield tea garden[J]. Hanzhong Science & Technol-
ogy,2010(3):34-35.

[5] Bugg R L. Cover crops and control arthropod pests of agriculture[C]//
Hargrove W L. Cover crops for clean water. Ankeny: Soil and Water
Conservation Society, 1991:157-162.

[6] KR VK, A 77N, Stephen J, 25 . 7 52 VEY) 10 A= SR8 [, b A 25
4%, 2002, 13(3) :365-368.

LIU Xiao—bing, SONG Chun—yu, Stephen ], et al. Ecological effects of
cover crops[J]. Chinese Journal of Applied Ecology, 2002, 13(3) :365—
368.

(7] £ 4B 2R TR RS (7 it BB RS A T A 25 D) BE 9 52

[D]. Kb IR A K7, 2014.
WANG Hua. Study on the yield and quality of pasture grass in winter
fallow field and its influence on biologic function to paddy field[D].
Changsha: Hunan Agricultural University, 2014.

[8] Six J, Frey S D, Thiet R K, et al. Bacterial and fungal contributions to

carbon sequestration in agro—ecosystems|J]. Soil Science Society of

— 337 —



KU FRSMMEFHR-E375-F 38

America Journal, 2006, 70:555-569.

[9] FEWEEE . v AR AW ZHE P R AR P DR (T, v [ A5 B, 2009
(4):10-12.
LIANG Xiao=hui. Crop diversity and protection status in China[J]. Chi-
na Agricultural Informatics, 2009(4) : 10-12.

[10] XAk . IR AEY 22 FEPEXS A A 38 R EUARE TE RS2 [J]. Aol 36
BiRbAI, 1990, 9(6) :26-27, 37.

LIU Cheng-yu. On the impact of crop diversity on the stability of
farmland ecosystem[]]. Journal of Agro—Environment Science, 1990, 9
(6):26-27,37.

[11] Berdahl J D, Karn J F. Hendrickson J R. Dry matter yields of cool-
season grass monocultures and grass—alfalfa binary mixtures|]J].
Agronomy Journal, 2001, 93(2) : 463-467.

[12] Sheaffer C C, Miller D W, Marten G C. Grass dominance and mixture
yield and quality in perennial grass—alfalfa mixtures[J]. Journal of
Production Agriculture, 1991, 3(4) : 480-485.

(3] AL, X UL, sRE T, 45 AHEFR T N B S A

TR A /N AR AR AT D). AR 4R, 2009, 30(2) £ 175
179.
YANG Heng—shan, LIU Jiang, ZHANG Hong—yu, et al. Analysis of
microclimate characteristics of man—made alfalfa and smooth brome
grass grassland under different sowing patterns|J]. Chinese Journal of
Agrometeorology, 2009, 30(2) : 175-179.

[14] Trannin W S, Urquiaga S, Guerra G, et al. Interspecies competition
and N transfer in a tropical grass—legume mixture[]]. Biology & Fertil-
ity of Soils, 2000, 32(6) : 441-448.

[15] Gaudin A C M, Tolhurst T N, Ker A P, et al. Increasing crop diversity
mitigates weather variations and improves yield stability[J]. PLoS
ONE, 2015, 10(2) :e0113261.

[16] BEAG T, A2 T, TRAES, 55 . St FIRS FFIE FX/NAZ A KT
HEBERG PE RO 2RSS AR FREE I, 2013, 29(3) :329-334.
LU Yi-qing, ZHU An—ning, ZHANG Jia=bao, et al. Effects of no—till-
age and straw incorporation on soil enzyme activity during wheat
erowth(]]. Journal of Ecology and Rural Environment, 2013, 29(3) :
329-334.

(17145 4. BEASEE AR b 240 A RIS M /NS b S8 S P L
BB TP E R, 1991(6) :23-27.

LI Song. A comparative study on enzyme activities in the soft loess of
wheat fields and perennial legume field in the east of Gansu[J]. Chi-
nese Journal of Grassland, 1991(6) :23-27.

(18] AR . L3R S A TE M. bt i [l i ik, 1986.
GUAN Song—yin. Soil enzymes and their research methods[M]. Bei-
jing: China Agriculture Press, 1986.

[19] Garland J L, Mills A L, Classification and characterization of hetero-
trophic microbial communities on the basis of patterns of community—
level-sole—carbon—source utilization[J]. Applied and Environmental
Microbiology, 1991, 57(8) :2351-2359.

[20] AR 259, BUREEE, X1 0. BB X e 2 FH - S D g i R
TEPERSZ R[], v B4R, 2014, 36(1) :37-43.

CUI Hui-ping, ZHAO Gui-qin, LIU Huan. Effects of herbicide on the

activities of urease and alkaline phosphatase in oat field[J]. Chinese

— 338 —

Journal of Grassland, 2014, 36(1) :37-43.

[21] Burns R G. Soil enzymes[M]. New York : Academic Press, 1978.

2218 E AN M b W SF . SRS N TR AR R
WEFEHE TR, B FH 5 558 A 2441, 2003, 9(1) : 105-109.

CAO Hui, SUN Hui, YANG Hao, et al. A review soil enzyme activity
and its indication for soil quality[J]. Chinese Journal of Applied and
Environmental Biology, 2003, 9(1) :105-109.

[23] DIk, SRR, 2B, 45 B3R L s AL MR S - S

PER R BTN AR R 2 4 (A SRR, 2001, 32(4)
427-432.
JIA Ji—wen, NIE Jun—hua, LI Xu-hua, et al. Study on the relationship
between the soil physical—chemical properties and soil enzymatic ac-
tivity of activity of plastic greenhouse[J]. Journal of Shandong Agricul-
tural University( Natural Science), 2001, 32(4) :427-432.

[24] 75 W7, FRAE, R, 55 . REABRR R 342 AR 1P 376 0o bk b
3R S G PERSZ R[] MOl RE:, 2009, 49(12) :65-71.
FANG Xi, TIAN Da-lun, QIN Guo—xuan, et al. Nutrient contents and
enzyme activities in the soil of Cunninghamia lanceolata forests of
successive rotation and natural restoration with follow after clear—cut-
ting [J]. Scientia Silvae Sinicae, 2009, 49(12) :65-71.

[25] PN, sk AL, 280, 45 . Az R AL b SRR W RS P R
BHT 5 i R ]. SRR2E4R, 2016, 33 1) 1 129-135.

SUN Ji-ping, ZHANG Yu—xing, LI Ying-li, et al. Effect of sod cul-
ture on soil microbes, enzyme activities and humus composition of
pear orchard[J]. Journal of Fruit Science, 2016, 33(Suppl) : 129-135.

[26] Z= 57 4, BUR UK, 3K B . REAT B Y L3 A W24 00 ] 1
FAl K224, 1992, 23(4) :375-379.

JI Li-sheng, JIA Jun—yong, ZHANG Sheng—wu. Biological effects of
straw direct application into soil[J]. Journal of Shandong Agricultural
University, 1992, 23(4) :375-379.

27 E & FEFFIE X L 3ESR 0 R B S S PRS2 T D].
AR LR K, 2011
WANG Lei. The effects of straw turnover on soil nutrition, microbial
biomass and enzyme activity[D]. Hefei: Anhui Agricultural Universi-
ty, 2011.

(28] & Bk, ##%, LI Guang—di, %5 . PRI B XT SR A2 1
SR 7 R G P R S R D). A TR S I RNE R, 2009, 15(5)
1085-1092.

LUO Zhu-zhu, HUANG Gao-bao, LI Guang—di, et al. Effects of con-
servation tillage on soil nutrients and enzyme activities in rainfed area
[J]. Plant Nutrition and Fertilizer Science, 2009, 15(5) : 1085-1092.

2913 BB, EELoR, I, 55 AR 200 it PS50 1338 47

HLER AT R 52| L3241 2006, 43(2) :347-351.
PENG Na, WANG Kai-rong, WANG Kai-feng, et al. Effect of rice
straw incorporation on concentration of organic acids and available
phosphorus in soil under different water regimes[J]. Acta Pedologica
Sinica, 2006, 43(2) :347-351.

[30] i =/l A< SO, AR SORT . 3B A Wt SR R A 0. AR
24k, 1993, 12(6) :6-10.

GAO Yun —chao, ZHU Wen —shan, CHEN Wen—xin. Estimation for

biomass and turnover of soil microorganisms|J]. Chinese Journal of

http://www.aed.org.cn



EWI5E, 55 AR AR OO R P A IR D REZ AR B

202055 A

Ecology, 1993, 12(6) :6-10.

[31] Insam H, Mitchell C C, Dormaar J F. Relationship of soil microbial
biomass and activity with fertilization practice crop yield of three ulti-
sols[J]. Soil Biol Biochem, 1991, 23(5) :459-464.

[32] 2R, WAL, 5K 55 55, 45 . AN IR) B HE A B it xoh b 3l A o A
AFHERFZ)]. 5 R, 2003, 34(2) : 140-142.

ZHU Hai—ping, YAO Huai-ying, ZHANG Yong—yong, et al. Effect of
fertilizer system on soil microbial ecology[J]. Chinese Journal of Soil
Science, 2003, 34(2) : 140-142.

[33] Garland J L. Analysis and interpretation of community level physiolog-
ical profiles in microbial ecology[J]. FEMS Microbiology Ecology,
1997, 24(4) :289-300.

[34] f—22, FEiE W, B, 45 RKIIRNE XS R 32 -3 A Jy =
REMER LA WK I RE ZAF PR SE IR [T, DUl R 227

http://www.aed.org.cn

%, 2017, 35(2) : 144-150.

XU Yi-lan, TANG Hai—ming, CHENG Ai-wu, et al. Effects of differ-
ent long—term fertilization treatments on rhizosphere soil microbial
community functional diversity of paddy field in barley—double crop-
ping rice system[J]. Journal of Sichuan Agricultural University, 2017,
35(2):144-150.

(35 J&  WF. ATH, REaA, 55 . A R A el L S o3 A K L

BEE PEDFFE ], PHALARBRBL I 2240 (A A BE 22 M), 2007, 35
(6):99-103.
LONG Yan, HUI Zhu-mei, CHENG Jian-mei, et al. Ecological dis-
tributing of soil microorganisms and activity of soil enzymes in vine-
yard green covering|J]. Journal of Northwest A&F University, 2007, 35
(6):99-103.

— 339 —



