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Effects of Shading in Summer on Arbuscular Mycorrhizal Fungal Diversity in
Plantation Soil and Tea Quality
SUN Xiaohong, WANG Guofu *, XIA He, YU Xiaowei, ZHU Yanlin, WU Shaohan, WANG Lingfeng
(Yuanpei College, Shaoxing University, Shaoxing, Zhejiang 312000, China)

Abstract: [ Objective] Correlation between the nutrients and arbuscular mycorrhizal fungi in soil and the quality of tea
produced at a plantation shaded from direct sun exposure in summer was analyzed. [Method] The nutrients, fungal diversity,
and tea quality at a hilly tea plantation in Zhejiang Province were determined for a correlation study on the effect of summer-
shading over the tea bushes. [Result] The shading significantly increased the pH, organic matters, total nitrogen, alkali-
hydrolyzed nitrogen, total phosphorus, and available phosphorus in the plantation soil by 15.38%, 17.8%, 163.6%, 77.86%,
45.45%, and 27.80%, respectively. On the other hand, it reduced the fungal diversity index and richness. The DGGE band-
sequencing analysis showed that the dominant fungi in the non-shaded control soil was Glomus, which was lower in abundance
under the shading. The shading increased the contents of total chlorophyll, amino acids, and caffeine in tea leaves by 46.18%,
33.16%, and 32.30 %, respectively, but that of polyphenols declined by 10.41% over control. The tea quality was judged to be
superior with the shading treatment. [ Conclusion] Shading in summer increased soil nutrient contents and improved tea
quality, but reduced the diversity and richness of arbuscular mycorrhizal fungi in the plantation soil.
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2 b R 55 25 B 4 B B R AT TR, s
TR . 1 ZE AT B AL P AR A R AR A%
SRR, R S OKE, MR, Kb
PERCRLAE, TR RS R sk as Y HR
A it & A A2 IR R, S EOS E + gh
Ca. Mg %81 LA oo R AR B, igh . SR
Z 2R W E AR, A - U A
2RV, S I R 3R o R
5, FLEEH 225 bE T R A SR AR AR B
( Arbuscular mycorrhizal fungi, AMF ) 7 T3 |~z
fEFE, Ae5 REAM YL LA . R R, &
WARPR TP AR 2 AM H Y, F8m AM HE
FIE BB 6% 50 3 0 B AR T, (R R AR ) R SR
W RFR ARGy, MY ARKET . IR
Y. AM BB TT L R AR D7 Rk R B, AE
N 52 /0 1 8 v i e BRI v A 2 R 1,
| @NEARIPN=D ISR P8 I =1 => i biiid ) =P PN |
T HEFRSY . AT AM ECTR DL K AS I i TS e A 9 R
Ao LD e i G ) R ] AR 3K 6 3 o AT 5 38 B 2%
T SRS . AM HR 2R DL R, i —
IR R I E B BIA ASRE  E554r . R IEAEE
HRFNAS O 5 T 9 A FR AR AE LAY Ry 2% ik 2 7= R 5k el
- S AT R A B A
1 #HH575*
1.1 HiEE

A0 A W VLA 2% T & S B (120°69'E,
29°90'N) #E47 . AW APy E L, W 12~15 a,
S XK T b, U 15 G B RN B (X
B 2 ANAb3 . SRTTFEMREERA O =X, 7 2% bl B A
0 SERE KR, W TOUES M I 1.8 mo o 3l BT A
F18m, PES5m, K 20m; XFTHEALHETE Sm, K 20m,
WU e 3 EE . M4 S H 10 B &4 TRl 2B A4
B (ISR 70% ), a6 AW b, 3 B R AE
B (10 H 10 HASL ) 4, 5 T 2016 4 5 A
T, ELAAE 4, KEGER - RANE, B
S LR F 2 — Bk 3 000 kg-hm °, FEAEH KA i
AW, FHH 1500 kghm ~,
1.2 R#EEHE

T8 B A RS 4 AE ) 2020 4F 7 H 20 H R4E 4%

FESh o AR RAEAL SR MR S50, 7R SEE0 X R
5 SR ABEEE, UK EZEdo, 1R
20~30 cm BYFE NI, BRI AR I )2,
R 0~20 cm 1, SR AEAFIRE 4 B AT
HHOROER, BMAKE, FElBE TS LEE+L
gerpar g, PR RS AT, SRS B
A3 0, VY ET 4 CUKF RS, 1 E T
IR OKAE F T3 B i A= R Is S 26, 1 =
WE R T b, B0 2 X 4 AR
IR RAH 1 2F 2 0, Fe MR . B4, THM T
2, TR ES, BT KA IR
1.3 WMRGE
131 FE LR AN 2 SRR E -5
pH A ; SRAMBE R E H AP ; RATBRIR S
BRI AR BRI LL 5 DU e - A A s SR ARk
EABRE -FR BT LL AR D AR R AWLIRE &
0 0 AR SR PR -1 RO D 1
K™,
132 X3 AM ABE SHMMNE I AMEKEDY
DNA 2 BUR | ZR Fecal DNA MiniPrep™ Kit i 7] £
( Zymo Research; 5%%5: D6010), &M B 540 5§
AT BCK L T4 15 . $2H+ 1 S DNA T
nested-PCR, %3 3 ¥k PCR ¥4, B9 .3 117,

% 1 nested-PCR 5|4]
Table 1 Primers used in nested-PCR

ElEY 514551

Primers Primer sequences

GeoA2 5'-CCAGTAGTCATATGCTTGTCTC-3'

Geoll 5-ACCTTGTTACGACTTTTACTTCC-3'

AM1 5-GTTTCCCGTAAGGCGCCGAA-3'

NS31-GC 5'-CGCCCGCCGCGCGCGGCGGGCGGGGCGGGGGL
ACGGGGGGTTGGAGGGCAAGTCTGGTGCC-3'

NS31 5-TTGGAGGGCAAGTCTGGTGCC-3'

Glo 5-GCCTGCTTTAAACACTCTA-3'

B2 3 K PCR 7= ¥ 2233 QlAquick Gel Extraction
Kit #F A7 2 fb IF AT R UK o0 2, PREBUR LSS, AT
DGGE Bt R 4 e . DI Iasek H QIAEX 1T Gel
Extraction Kito YJE MYk, % 4% pBlue-T £k (dt T
WHESEA YRR BRA R ) . et b 2# 8z A 40 i
DH5a, PCR ffi i i 5 25 TaKaRa /A ® A7, L
XPHER PR, $R i 5 H 0 R B R R A
133 ZetREMNZ 7k MR ENE RN
JeeEE R, I E IR AE 645 nm Fl 663 nm Ab AW
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IR, A LB S RIE S GB/T 8313—2018 (2%
Wb 2k Z2 W MDLZR 2R A AR N O ik ) 5 AR
Fim I E 2 ) GB/T 8314—2013 (A 25 &0 e A
A E ), oGRS B GB/T 8312—2013 (4%
R S )
14 Gt

B 43 B R Excel 2010 1 SPSS 22.0 4t i1 %k
fF, KA R 2 BRI (o= 0.05) b BHLH] Y 22
SEEEPE, I Quantity One #kf4 1T DGGE 44 %t
T3 AT AT SRR B AP R] AG I 2 59 DGGE 284 B o
>R 1 biodap # 1 A~ XM E AR ZREVERR B, 5K
ZRAERER MG AT

S obs
Sohsn' n: Z“] ni(ni_l)
i i i=
Hhannon = — Z N In N; Dsimpson = m

i=1

Hshannon /f—% % %.%ZQ g *‘iﬁ 1@ *lﬁﬁ ﬁ ’ Dsimpson 1—% %j\?} jEﬁlZ

TRZREVESE B0, n, i DGGE K3 b 4545 i 3 8
B, NMTAHZAN W E R 2, S, AR
DGGE i il H R i) 25717 B K0

2 ZRE55H

2.1 FRELERAX LIEF SR

W 1 s, 8 F 5 A B 4% bl 1 58 pH 4351 K
45139, BUNTET 45, #ABRILGIE, A
b PR ) A5 e+ 18 pH (AR TR BT A A5 el 3, A5
ANEE. NE2P I LUE S, BB JE 5 A PLT R
TN 17.8 %, i B 250 B S A B A T Y
SRR J R85 o 0 sk B Ak B A 2% el A T 24 e R
TR, AAGE. AT EMAAS SR EES
TR LM AL B A5 FE 45, 43 BN Tk 77.86 %.
163.6 %. 45.45 %, 27.80 %. I FEWH, FKEKEH
IHE I X5 14 o - % 4y K 3 0 - A WL Y B
YER

*2 FELEFSEE
Table 2 Contents of nutrients in plantation soil

- B & B SR WA B LR R R
Treatment Organic matter content/ Total N content/ Hydrolyze N content/ Total P content/ Available P content/ pH
(gkgH (gkg™H (mg'kg D) (gkgH (mg'kg D)
Y] Shading 5337+1.244a 58003 a 238.34+33.566 a 1.61£0.20 a 482.62+0.087 a 450%0.01a
CK 4530%1.185b 220%£03b 134.00£8.047 b 1.13+0.07b 377.64£0.020 b 3.90£0.00 ab

[F1ZHHf 5 AN A 7 B R OR 2 37 i 35 P<<0.05), K3,

Data with different letters on same column indicate significant difference at P<<0.05, the same as table3.

22 FELEFAN L% AM EE SRR

PP AT, o BF A B A4 4% I + 38 DGGE 48
SR 1) B0 TR B LA R A5 B H 22 B I o 9 4
PR, RF XS AM HEFRRZ . £08+
HEAM E B 2R RN 2 3 s . Hidh, SRR
AL TR L Y EEREE R AM B ZREPE R E Y
Fm T AL B, 2 W AR B Ak 38 1 2% el 4 oA
B AM HLTE TE BE ) B0 I £ 1 O B A B Y 4 4
ZH . JBEBA AL BRAY 4 8RR S DGGE 1 #4545 5 R B
Ao ) A AR A R AR N S5 S 7 R — K
IFi FsF 25 R 45 5 o

SR T A M T AR A A G A% Bl - ER B AM
B BERI R, % DGGE &3 i 3 43 454 4T
M, S5 03 4. 251 4% DGGE 4547 F Xt iR -
K43 55 AR R B BEE TR G SR 1Bk R AM
HLIH . S 2-16 fRR M AM B3 B 2 8 T Bk 5
J& (Glomus ), %% 14 iR 00 o 5 BR2E 5 8 A1
IE F ik 98.29%. Horr, Zkal 3. 4 Fil 11 FrARER 1M

B PR S T[] — B Ao [) ERE 32E O TS 38 95 A B A £
S5 SR L ST N o el 1 S 7 S S (1 B S
21 I 22 HRANJE AM ECBRT o (7 Fsf 1 3 9 Ak B 20 G 100 1)
T K 4 F B W (Distoseptispora aquatica strain ) .
WA MK E ( Ramaria rubella ) FA 1% 37 30 3 Ao B
W& ( Uncultured Paramicrosporidium ) . K4 F W
( Distoseptispora aquatica strain ) &K ¥ T /K AT HY
H',
2.3 EFEFALENFMER ST BRI

A, TSRS EA -, TR
MR R B B AR . A atat R, 2
AL W Z R R PG . SREGE BT 7k, 7]
PABHES — &R 43 i 4 B, i 25 880/ 32 21K B
LMAVER, AT LA rh b e 2 A . A
P S AT, 2 ad 3 [ Ab B G A% i R AN G B A G A%
R4 2% a RIS 25 b DL S 5 S B S
fne RS A PR R S B R, B
I NI B AL BRA 33.16%, AT L5 2 0 S I A R T
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Fig. 1 DGGE banding patterns of arbuscular mycorrhizal fungi
in plantation soils

#3 ZELIEAM EH DGGE £
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Table 3 Shannon index, richness, and evenness of plantation
soils based on DGGE bands

pisc FAAREL BB HRE FEE

Treatment Shannon-Wiener Simpon’s index Richness
JERH Shading 2.06+0.11b 0.99+0.01 a 8+1.20b
CK 293+0.24a 0.99+0.02 a 19t1.57a

FHMMR R

2 1 0 8 R e JBE L R 2R I SR AR
T N PR E R R B AR S 2R 2, T
X Fof 2 M 2 p T 21 22 B R R R 1) R i R 2 I e
MIRRFTRER) o B3 5 TR, R 28 i B A B Y
ZR I v 2 22 By 2 W o R e T Ak TR ) 2
L O T A SR AR I B 2 B rh 2k i 5y
LU AR 2/ T AR e B 25 el A5 2, 356 1Tt 913 25 ol ) 255
00 IR Ak PR I R B T B FE L g SRR e B 2 v
N 5 A T 2 e B AR B A T

3 HwLaR

AP B (AR, 2t
WAL . AR LR AR BE 1 RN IR 43 A ROPE SF Y OC B A
U 3 B 2% B A AL R i TR R A
g, HIERARE HHOKMA . 2. 2. AR
BEAF E W UE FROC R TR NS TR+
B, UAEMHR W A A R T AL R, ([
WA S A . B AT, SRR AS
R FEE ZFEEIR A b AT B AL, ROtk
L b A SRR, A8 W 52 w255 el A [R) 2
TR, BARAY R R G T A B Y o3 i
T (I SR, A A T T i 21

T3 pH A S HHEAE Ty . RUEWTEPE L) KA R
KAEBYIMOC, A LTS i IR 1k 3% pH £
(i 12— WS A I A B
i, AT LUA R SRR A R

AFFREY, HZEEOIME 1 pHE T &, XAl
RSB E H AP & T A G, A R Ak
pH N M 7E 4.5~5.5 (UL, 13RIk ) i i 1
JITWE, EAREEI, WIgmEm ek g g™,
A3 g v 4% e 28 B Ak 3 A ] S R AR B R S AN A
FESLE[R] P, 3 B A BEAS 418 pH b FH5 4.5, A B)
T i 2% bl IR Ak ) i

AP AR PR L AM B & — DR A LK.
E 255 el - AM L AR O AR T R G B
AP, I gl Bk ] B 2 00 B Ak 3 S T A AT 4% el
AR AM IS 35 B LR, BRI
i BT fiE B2 i R e Ak el 3 AM ELR 2 REME, BT
H RN R BT 1AM BB 224 M 5 ma AF 5 R
B, AEXT i FE R A IR AL AR 7R W) Pl b B 09 TR AR
e A2 ST L B AR A RE TR BT R B, Kb
HERIREAR TN AM BRI R 36 B, R AT 55
fhEFEES AM HERILERR, WMZmH AM
FURR ) 35 A ZREPESE . 59 M5 % 3 1 1 5
T HERD AMF 7] DL SO 248 1 A PR AR T B s s i i
R, EL R R 1 S A AL ) 2 ) AR R
FEVERYSE AL o R BAS s B T K AR T
( Distoseptispora aquatica strain ) 2§ HH5 T 7K 3 5% 1)
FLRR, T AE S5 B Ak B S A el 4 BB R B A
XK, Frhb ] g SACIEG T AMF 51 W) 09 4 S 1A 0
AKX 2P T R A M R T )

RSB F N BT R R AR, &tk
[9] Ak B ) A% it S 3R L B RN . P U T D B
WA R T At g R WA, AR TaAe=
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Table 4 Sequences of arbuscular mycorrhizal fungi DGGE bands in plantation soil

%l HEABA T ARALPE BaS
Band No. Similar strain Similarity/% Accession number
1 Fuscheria uluruensis 94.89 KF733753.1
2 ERYE T I8 FL 1K Glomeromycotina sp. 100.00 MG829430.1
3 REEFRHIIRFET B E W Uncultured Glomus 99.15 IN644353.1
4 A IR ERTER B 5 W Uncultured Glomus 100.00 IN644353.1
5 KEFFRINPRE R AW Uncultured Glomus 99.15 AB695035.1
6 KB IR ERTEE B B W Uncultured Glomus 99.57 IN644349.1
7 KEEFRINIRBEE R K Uncultured Glomus 100.00 GU353685.1
8 REEFEHIPRIER B H W Uncultured Glomus 99.15 KP238340.1
9 KB TR ERBE T B HH Uncultured Glomus 99.15 GQ140612.1
10 RIGFRIBRFERTJE K Uncultured Glomus 99.57 KP238340.1
11 REEFRIN PRI B H B Uncultured Glomus 99.15 IN644353.1
12 FREEH L1 L Glomeromycotina sp. 100.00 MG829430.1
13 REFFRNIRTE R IR L Uncultured Glomus 100.00 AB695035.1
14 RKEFRIRIER B H A Uncultured Glomus 98.29 DQ510942.1
15 REFFRHIIRFET B E W Uncultured Glomus 99.57 KP238340.1
16 KBEFR BRI B A Uncultured Glomus 96.58 KU359437.1
17 Wi 055 B R FL B Mortierella sp. 100.00 MK123406.1
18 Wi 785 14 |8 LT Mortierella sp. 99.57 MK 123406.1
19 RIZFEIFRBERL ) E B Uncultured Glomeromycota 100.00 KF745197.1
20 KEEFRIO L Uncultured fungus 99.57 KU359465.1
21 WA EE 14 &8 K 1 Mortierella sp. 99.57 MK 123406.1
22 KEEFRO T Uncultured fungus 100.00 KU359465.1
23 KA TFHER Distoseptispora aquatica strain 99.57 MKS828314.1
24 R KIATE Ramaria rubella 96.57 AY707095.1
25 AREEFREAE R Uncultured Paramicrosporidium 100.00 KP137393.1

x5 TREERLETFHETENSYRESE

Table 5 Effect of shading on chemical composition of tea

posiil K HER
Treatment Shading
4% %a Chlorophyll a/ (mg-g ™) 2.06+0.24b  2.79%0.01a
-4t %b Chlorophyll b/ (mg-g ™) 0.69£0.07b  1.23+0.06a

4% A & Total Chlorophyll/ (mg-g ™) 275+ 0.02b  4.0240.07a

SR FEER Total amino acid/% 1.96+0.05b  2.61+0.05a

%< %2} Tea polyphenols/% 143240012 12.83+0.03b

ML

7.31£0.02
The ratios of tea poly phenol and amino acid a

4.921+0.03 b

MRS Caffeine/% 1.61£0.01 b
[EAT AN [F) - BER IR TE0.05 /K P b1 28 7t i 3 1 o

Data with different letters on same column indicate significant difference at
P<0.05.

G AMBEFES . wmEsk . RS ) SRR,
PRE AT T RSS9 DR (1 3 B A S
SR, TSR ARG A Wk LA EEAE A, A

2.13+0.0a

I B 2% A R S 1w VR, HESROECEITOR X 2SI R AR
B S0 itk 5 PR . 2% oo e B T
DI 255 o e B LT, S o i R R,
AHESE T AEAE RURE RO A LR 3 . RS % B0 BT 75 366
HERD, TTRAMCE LR PO R BRI A, &
AR BN A AT 2B R R o A R
53— 5 T {6 25 0 O 558 i 2R 0 0 PSS L o
KL, BRLWH &R TH. h b2
KA O R, EEER SRR, M B
FAR AN, SIS kIR A, SRS, I B
F AR AR b ) 26 B P S A R S AR
AP IR, WA LA IR A, 2SI R X A R
kAR

TERIIR T, ERER T ER . 5. =5
I8 SHOER . H 2 Sy, 4 TR
VR EE H 2%, T oot 2 e BR A A0, ol 3 R 1Y
5 T RN A T T A R R 3 R a1
AT LU 3R 25 0 A A 1R P T , A TR B L
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