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B OE: DARER 2, 4 M IR EEME IR G, BT BARARERE A N I R
WBCRE . B TEANR S A SR SIS R 2E . SRR, M A ] IR A R 1, 90%LA
b HUEHHELG, BARER R LIRS ER I, B REIHAR ARG AR R A
T I LTI AT PR A, A RS PR i . BARAE R LU I e AU, ARl AR AW
T, BT S AEX BN T 196.4%. 56.53%. 66.67%H1 77.08%. HARZAEE 2 ERUARS. HRLHE. ML
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Effects of Natural Grass on Soil Microbiology, Nutrient and Fruit Quality
of Nanfeng Tangerine Yard

FU Xue—qinl’* , LIU Ju-er’, and HUANG Wen-xin’

('College of Life Sciences, Jiangxi Normal University, Nanchang 330022, China; *College of Food Engineering, Nanchang
University, Nanchang 330031, China; *Jiangxi Agriculture Department, Nanchang 330046, China)

Abstract: Using Nanfeng tangerine yard as research subject, the variation of microorganism
category, enzyme activities, soil nutrient and fruit quality were studied under different conditions such as
2 years grass, 4 years grass, 8 years grass and clean cultivation. The bacteria quantity in the soil of
Nanfeng tangerine yard, ranked first, account for 90% of total microorganisms. Most detected soil
microorganism quantity and soil enzyme activities, except phosphomonoesterase, were increased under
sod culture treatment, compared to clean tillage. Natural grass can increase the organic matter and the
content of TN, TP, TK in the soil, compared with the control, the soil organic matter and the content of
TN, TP, TK in 8 years natural grassland increased separately by 196.4%, 56.53%, 66.67% and 77.08%.

The contents of alkali-hydrolyzable N, available P, and available K in soil with grass 2 years were
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significantly lower than that of the control while increased by 25.98%, 3.1%, 90.57% in soil with grass 8
years. The naturally grown grass significantly increased the soluble solids and soluble sugar of Nanfeng
tangerine. Correlation analysis indicated that soil microorganism, soil enzyme activities and soil nutrient
mostly showed very significant correlation each other under different culture models. Naturally grown
grass could improve effectively the soil microorganism quantity, soil enzyme activities, soil fertility and
enhanced fruit fresh eating quality.

Key words: citrus; yard; natural grass; soil microbiological characteristic; soil nutrient; soil enzyme

activity; fruit quality

i TR SAT A G TG AR T A, SR E R LI RR A, KBk, HEE
B, B ZFEVERRAR, REPUEPERSSE— RANVEEHRE B Ora4d 56, 2009; T HEFRZH,
2012),

TRl A B RS B AR SR OB AR 7 ik ] g s HEAT 1) SR el L B A, PR T RIF AR
NG (Ingels et al., 2005; Whitelaw-Weckert et al., 2007). H1EF 1998 F- B [l A= A o £
R A R RIS A A EHE) T (TER, 1998), (HR &= XAk, L& 2ok, 85 fp
RS R M EEe = AN AR, Iz 2B GHHE I, H a2 5 kb T 5
RN Y B ORI 2%, 20035 ZE4FF 45, 2005). AR DALt o0, i
TN H AR AR BN IR B TE . IR RS BT, DU R b G B A
3, $ e A A S SRR AR B AR T, BT R o A T TR AR R

1 ARSI

1.1 iRIE R
AR T 2012—2013 FAEVLVA EF B EE EEEUI T ZXA T RS 116026,

FE 269 d Aty o Wabd A% 224, AN 30.5 hm?. H3E 48404, pH 4.71, ST 9.24 ¢ - kg™,
PR 57.12 mg - kg™, AL 40.23 mg - kg, A 1822 mg - kg, A 4.15g kg, WL E
021g-kg', 48 4.06g- kg'.

BB 15 4E, PRATHE 45 mx 3 m.
1.2 Rt

VEELE HRAER 2 F, 4 5. 8 FEREH 4 DMbF . AERAFNX 535]F 2011, 2009 F1 2005
ERBEFAT R HRAER (EEEMFR. MESE, fREE., —HE%5), MmN 1.2, 1.6
1.4 hm?, FHEXRE 2 Y, St 6 . AR HE IR HIRR AL, NN 1.0 hm®. BEFLX 411
T, 3WRER . FACEE N HADSE A — 5, HOE R,
13 H@mIEESIE

2013 4 8 H P A A HL /N X% T PR 38l o H A O ~ 40 em L2 14F, 202,
PRER LR FUR RSP PIATE R I F B AAE R [l se e s, AR ORAPAE 4 °C, I IE A8k
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B R R T ISR I E

TN TR TR . TURR D] SRR RN AT 4 2 o A R ECR IR RS (R4EK 4, 2006)
Wi . Wi RE RO IR, BRI SR &K 1 SRR, BwEEH ST &
Preris g, BRI IR Ashby TCRIGTIRIE, 21 4E 3000 il 1a 5 77 FH bR dradh I B R 5k

TIEAHUTIN G BRI A L, e LK., Sl 20 e ey 5ok, A
Rl e AR EL (02, BRI € K Ao fEvs, pH (RS vHIE (LA 1:1 oK
W) (Hi4H, 2000) .

R A N 3,5 - A KA R LBy, DRI PRI e R AN — R Iyl LL fa vk,
ot T2 P P T i 00 s FHORT A RS DR A IR 09, ok S A i i 000 s P AR = L (s, 2 1 i 0 e
Rk (OGRAHT, 1986).

2013 4 11 HHAIFE &AL BN X BEDLIZEL 5 MRS BUER IR IR, WAR. #. 70, b,
R 5 AN ST ST e . FESEAEFE W E F GY-1 RS RE v, STk [ T A
5E ] TR-100 A 6AL, v R & DU e H] NaOH FR AN v,  ml v Mmoo 20 e i L
ik (54, 20000,

KH DPS V7.55 F1 SPSS13.0 #3477 25 70 BT FUAH & 0 H o

2 HiIR 5

21 AEERBAREENTIEHEMH SN

M1 AT LA, R T R E Y LA T O T, B TR R E I 90% L |, o
T R AN R, BCTRANAF A R R PR . BARAR R B AR IR AR BT R AR T AR
K. ANFER ERA S HEMAE R E R . MEATRLE R TG PR, A
SRAETE 2 AR AN R K Ok CEERHIREE N T 308.5%), HARATE 4 4F A2k 4 KMt ok CEL ) i i
T 23.6%) . FLER AR 4E o0 il e I B0 LT, ASRAETRE 8 SR EUE K (il o)
BINT 173.7%. 164.0%), S5HEHERIERIEEZ 5K BRAEFEE E T ES G RETBE (8
FEACBERLEXS BB IN T 134.4%), AHAN[FIAERR AR A B 22 S AN i o

1 TRFRAAEEN TR MMEHTM

Table 1 The effect of natural grass of different years on soil microorganism quantity

T/ TR/ LB/ Ied B/ LT o e/

AR 7 e g e 3 e S Lol A
(10°'CFU - g™ (10°CFU - g™ (10° CFU-g™) 10’4 - g 0™ 4~ - g

Year Bacterium Actinomycetes Fungi Bacterium Cellulose-decomposing acteria
0 1.65+0.21d 530+0.52¢ 3.92+0.17d 3.52+0.89b 225+3.26d
2 6.74+0.59 a 6.01+£0.54b 522+021¢ 8.18+1.14a 3.78+2.52¢
4 581+0.38b 6.55+0.11a 8.59+0.74b 8.11+027a 480+533b
8 4.21+£0.26¢ 5.36+0.13 ¢ 10.73+£0.82 a 8.25+0.16a 594+245a

VRO BRI (RO ARG TR ARSI 7 % (P <0.05). Fll.
Note: Year 0 means clean cultivation (Control) . Values with different lowercase letters are significantly different among different treatments at P

< 0.05. The same below.

22 AREFREAEEN LIREEELIRME
SRR S T SR AT B R AR R R T T AR, e IR AR T s AR AR —
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(Mengelk & Kirkby, 1987). M3 2 W[40, HARAE 8 4, BRUEIR P NRHEG PEAR T AL, IR
JORMG ik S A S A B 1 i TR S8 v TR IR, U AR AR SR R T e g e, (R
IRy A e AR IR SR S I 2 S W R . REE R R R AL T IR A A R, e AR
PO 24 > 44 > 84E, A RIEE T 68.41%. 51.19%H1 25.95%, 5] [ SR 5 3
FEAL TR = TR I IR A R IR A SRR NG, e R R Ok 8 4 >
44F >24F, SAEELNTIRZN IR T 25.31%H1 26.03%, 1M1 4 A1 2 4F )43 5 EE AT R PRAK T 16.82%.
34.77%H1 20.12%- 35.01%, UL FHARAERL 8 ARG I A R LN 4 T XTI, T FARAE R 2 4FF 4
CEI L3 AR ) ZE T R BEIR IR BTG MR A 8 4 > 4 4F > 2 4, MR, &
AL RN T 7.4%. 31.98% 44.21%, UiW] H AR A 510 L35 b R AE )R H I e LA B AR Y. 22 T
PR b AL I PR S I TR /N WU R RS, AR LA 8 4 > 4 4F >
24, LA REE T T 29.08%. 16.02%- 1.58%, W] AR AF B i -4 v J65 B o & B v Tt IR

F2 TEEREREEN LIREFEEHIZE

Table 2 The effect of natural grass of different years on soil enzyme activity ug - g - d!
IR TR IR B IR B MR pukERR A Egal
Year Sucrase Urease Phosphomonoesterase Peroxidase Protease
0 78.45+221d 36.27+1.87b 163.15+£3.54a 70.04 +5.16 ¢ 4453 +1.18b
2 132.12+6.47 a 23.66 £2.09 d 91.02+1.34d 71.15+£2.72 ¢ 28.91+3.36d
4 118.61 +2.15b 30.17+4.14 ¢ 11097 £5.26 ¢ 81.26£3.12b 3557+£225¢
8 98.81 +£3.76 ¢ 45.45+2.96 a 151.04£1.36b 90.41 +£6.02 a 56.12+3.44a

23 ARFEMRBAEENLIEFSSENEN

I 3 TCUEH, B QSRR N, TIEAPUR. 2. 2. SRS EEIHE
L LIRS, ARAEE 8 IR E T 196.4%. 56.53%- 66.67%A1 77.08%. Blfi#%
AN RO I S TR B R L TF A, AR AR R 2 SR S R B AR, 4 S AR R 61.91%
62.01%F1 89.06%; HARAERL 8 WEI B T, 23 AILEXH L= T 25.98%- 3.13%F1 90.57%, 15t HH
EHARA T LI HRUT, AT RO R A R R RO RE, LT SRS
JEZK” BIfEOL, AHRERE AR AEFAE R, Mg ), el R o AT 2 B4 &

®3 TRFMRAREEMLRMFSZENTM

Table 3 The effect of natural grass of different years on soil nutrients content

! g ke - mg - ke _ _

Year pH HHUB £ e gl TR 280 TR LGl
Organic matter  Total N Total P Total K Hydrolyzale N Available P Available K

0 4.63 a 9.13+0.16d 398+0.24d 021+0.05¢ 397+0.75d 50.65+2.67b 39.01 +5.04a 1846+247c¢

2 4.63 a 10.37+0.43 ¢ 4.85+0.29¢ 021+0.11¢ 437+090 ¢ 31.36 +3.17d 24.19+223¢c 1644+1.18d

4 4.65a 18.82+0.79 b 5.72+2.06b 0.29+0.03b 594+ 1.16b 46.18+291 ¢ 31.28+3.61b 28.71+2.52b

8 4.65a 27.06+1.32a 623+1.38a 035+0.16a 7.03+3.14a 63.81+£3.19a 40.23+£522a 35.18+4.79a

24 TIEWMEYRE. HIEEEEM. TIEFSZEHEXSH

3Ty OUHEANID & IR RISV RIR, 10 3R P () Fh R0 AR A
FERE ke HEERG SRR G efh 25, 20005 BES7 25, 2003; Fi524E 2%, 2006; XM SC 245, 2007).
ANFERR BAR A AT LRGS0 I FAAAEE UM OME (3R 4), 3 b i b 25t
R, AR MR (r<0.05) B EEHR (r<0.01), KB, SEABSAEVR. TEE-
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A B AR OGRS A AR AR R R A, A
LI . R R A A OG . e U S Ak A MU R A R P B AR AE
HERR, R LA,

R4 THEEMESLERSTERXSH

Table 4 Corretation analysis between soil enzyme activity and soil nutrient content

5E HHUR [CR %A K Ja ke A5 Al X
Factor Organic matter Hydrolyzale N Available P Available K Total N Total P Total K
HEREEY sucrase 0.582 0.156 -0.962" -0.953" -0.413 -0.754" -0.182
WE# Urease 0.981" 0.885™" -0.514 - 0.491 0.779° -0.393 0.586
T P G I - 0472 0.119 0.981" 0.776 0.526 0.975" 0.358
Phosphomonoesterase

4L Y Peroxidase 0.673 0.815™ 0.188 0.324 0.861"" 0.418 0.714
% 1§ Protease 0.948" 0.867" - 0.462 -0.372 0.712° - 0.431 0.360

*ROR SWINER R BOR 1%ER W E R, TR

* means the significant level of 5% and ** means the significant level of 1%. The same below.

AFER RS A TN R O R SRS L RAIUR. &
S RETRIBRARE . HOSC A RSB B S R, A MR B (R 5). il
BEUL, LA HURRIE R ARG, T L R R TR B, SR 0 L
WP TR0 ST AT L3 AT R (R AU SR, 0 e
SRS I YRR L

®5 TEREPNESTERSSBIEXSH

Table 5 Corretation analysis between soil microbial quantity and soil nutrient content

N PR TR T TR X N T
Factor Organic matter Hydrolyzale N Available P Available K Total N Total P Total K
#}14 Bacteria 0.961" 0.892" -0.432 0.932" 0.854" 0.116 0.722"
M Actinomycetes 0.865" 0.866" 0.328 0.824" 0.892" 0.434 0.821"
L Fungi -0.896" -0.914" -0.454 -0.741" -0.922" -0.521 -0.807""
1% Acterium 0.881" 0.932" 0.423 0.918" 0.858"" 0.408 0.734"
RS i ] 0.990" 0.918" 0.565 0.871" 0.821" 0.519 -0.901"
Cellulose decomposing

bacteria

HIZ 6 IR, AR EREFSEI TR S A R BROE. SRR R
o R OC, UL L R L U TR A e AR A mT DL R I
i WERR FIRNE . B2l AT YR 0 T B 8 IR ARG, DLW £ R 3% 0 A o BAXA ]
fie kT SRR SR M A A 1 MRS P e s ISR S AN TR L TR £ R R Y AR

#6 TREREVEESDREFEEIIT

Table 6 Corretation analysis between soil microbial quantity and soil enzyme activity

SES HERHE JhR ity i P2 P I A A
Factor Sucrase Urease Phosphomonoesterase Peroxidase Protease
41| % Bacteria - 0312 0.915" 0.259 0.713" 0.307
WA Actinomycetes -0.414 0.714" 0.304 0.702" 0.419
B Fungi 0.556 -0.552 -0.532 -0.819" -0.521
[ % Acterium 0.469 0.715" 0.481 0.541 0.445
LTYEZ S A 0.564 0.823" 0.715" 0.816" 0.712"

Cellulose decomposing bacteria
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WS B IEAOG, UEWIAN TR TR TR L 2T 430 0ok v A BEACE 40 mT AR 3t o S A s 2 PR i v
RS S U S SO S R AR G, U R A B 2 R DR R

25 AFEFREAEENREMEAFNE

T ATRLE AN RIAERR AR AR R el B o A RS SR bR AR AR 25 5. B IR L, BR AR SE
fHRE 22 AN AL, HARAERL DA T DU I ] S vk DR RN vl s s & i, PRI R, i
HH AR A R RE I ) 5 T A R SR A T FARAE T S AR VAR T S L WIS R
I3t FHARAER 2 4R 1.26 5. 1.17 £%, AIRERR & 80 HARA R 2 4R 1) 83.6%, 1t W] H AR AR it
BROBRKC, 0T et e = A R S B ol R T

R7 FEREREREEMREREIZE

Table 7 The effect of natural grass of different years on fruit quality of Nanfeng tangerine

M %/ (kg - cm?) AP TR/ % A E TR Yo AV TERE Y%
Year Firmness Soluble solid Titratable acid Soluble sugar
0 1.15+0.04 a 10.04+£0.16d 0.95+0.08 ¢ 127.14+£3.82d
2 1.18+£0.01 a 1226 £0.27 ¢ 0.73+£0.06 b 130.17 +8.24 ¢
4 1.17£0.02 a 1326 £0.12b 0.72+£0.05b 138.16 £5.03 b
8 1.14+0.01 a 1541+£0.22a 0.61+£0.04a 152.25+6.14 a
» A
3 g

FEAS ] A ] LB N - 3 R B SE 1, N A O AT A AR, A fn e it 5
BRI OFER, 201D ABFFR, HARE RS T3, S5ar At
ek R (Whitelaw-Weckert et al., 2007) —&. AN[EEFR HARAET LR LIEMAEY S LA
i AR AR BRI SRR IEADG, S50, WABAHOCIEAN R, I SRRy
A AE SR AU AR BIOC R, AR B0 =G FME A 2 .

AR TR SR AR B A A R IR I B — SRR (N AR, 2010,
JLVE I B8 S e - AR s R A A R SR, R VPO R ). I A I Y T R
b CHEET 58, 2010). AWFFURE, BARARERENRG. DREG. ok 400 SN A B i T 2 42
i, IR K JOE TR T RO B Wk, R BRE R T ARG, LS A LR
ST E, WAE PRI E R RN, SR, MmN TR S AN, XS
ISP OBWE %5, 2007; Sirrine et al., 2008; fLHE %%, 2009; ¥#&2F%4 %%, 20100 —F. &
WL R I, BERR ANRM S — EAR TR, X REAS (2013) MF5die—8, HIERIET
B9t

AT ORI, EARAE 2 ERE, IR O RS R A, T H AR 8
ERFIR S BT, HARERRI AR (2005). AESRFE (2007) IBFSTA SRIEA—S, UL AR
HE, SEATAE R S IR IS, REE AR R AR R K, Sk N, BRIk, fEA
SRAEFLITHT A, DR R = AT el K TR R A A 2 AR AR RARES ) 5 AR R DGR T Y, Rl A
SRR 25 2 11 SR D A T A R R (A S R M e B R R W BRAERL. — FURI R A
TR S, B AR AR R AR N, IR AT G, BEEE NS BRI IR A
Wit m, AL b T BRI T RE R s .
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