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Abstract ; In order to reveal the response of integrated fertility of apricot orchard soil to three different artificial
grasses patterns ( Pattern A; Apricot + Lily; Mode B: Apricot + Purple Alfalfa; Mode C: Apricot + Lily + Purple
Alfalfa; Control group CK: Apricot + clear tillage) in the eastern Gansu province of loess plateau, using conven-
tional methods to determine the soil physical and chemical properties, enzyme activity and soil microbial community
and other soil environmental indicators. The results showed that: the soil alkaline phosphatase and invertase activity
in pattern A (18.18+0.51 wg + ¢™' - h™") and C (213.15£3.69 pg + g”' - h™') were the higher activity, while the
soil urease in pattern B (25.52+0.79 pg - ¢ - h™') and C (26.44+0.57 pg - g”' + h™') were demonstrated the
higher activity. and the content of soil available potassium and available phosphorus had no significant difference a-
mong the three patterns but the soil alkalized nitrogen content in model B (36.46+1.84 mg - kg™') was the

highest; the trends of 4 kinds of soil microbial diversity index in different grass patterns was pattern C> pattern B>
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pattern A>CK , and Shannon-Wiener index and Pielou evenness had no significant difference between pattern B
and pattern C; Nonmetric multidimensional scaling analysis sorting results showed that the soil integrated fertility
difference were strongly affected by Patrick richness index (r>=0.8489,) and soil urease activity (r*=0.8111).
Variance analysis revealed that 79% of the total soil integrated fertility variation in the rhizosphere soil of apricot or-
chard was explained based on the soil physicochemical properties, enzyme activity and soil microbial community
properties. Soil enzyme activity and microbial community properties were the main environmental factors(41%) af-
fecting the soil integrated fertility. Moreover, the independent effects of soil physical and chemical properties

(3%) ,the impact on soil fertility was significantly lower than soil enzyme activity (15% ) and microbiological prop-

erties (13%).

Keywords: apricot orchard; artificial grass pattern; soil integrated fertility; eastern Gansu Province of

loess plateau
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Table 1 Basic parameters of the sample tree in the studied sites
FEHBARES T4/ em B /m SR/ m 3LV EN
Site code  Trunk diameter Height Crown Management way
TERFRES AR B BREE 50 CHLCE 28
A 7.03+0.02 2.42+0.23 2.77+0.33 Clean cultivation and sprayed herbicide under the crown of apricot ( extensive
management ) .
AT A AL RN BE)
B 7.07£0.02 2.3420.38 2.7420.67 Day-lily buds were planted under the forest ( fine management)
MF RS AE 78, 7= 2 i 2300~ 2600 kg - 667m™2 (i 43 )
C 7.40+0.07 2.46+0.85 2.84+0.48 Alfalfa were planted under the forest and its output were up to 2300 ~2600 kg *
667m™2( general management )
AT A B AESER AL , 2 A ORT AL )
CK 7.33+0.05 2.52+0.18 2.86+0.41 Day-lily buds and alfalfa were mix—planted under the raw ruderal forest ( fine

and extensive management)
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Table 2 Rhizosphere soil enzyme activity of apricot orchard with different grass patterns in eastern Gansu Province

TR AR (mL g TR

DHPERSTRAG (pg - g+ ' - h7")

AR (g - g ' -hT)  EEE/ (pg-g- ' ohTh)

Sample code Catalase Alkaline phosphatase Invertase Urease
CK 13.95+0.68 a 8.43 £ 0.85a 150.68+3.52 a 12.16+0.95 a
A 19.28+0.38 b 18.18+0.51 b 182.06+3.29 b 19.07+0.65 b
B 20.84+0.48 b 13.38+0.62 ¢ 191.05+£3.94 b 25.52+0.79 ¢
C 21.31+0.78 b 17.99+0.53 ¢ 213.15+3.69 ¢ 26.44+0.57 ¢
F 27.872 62.659 77.641 82.589
P <0.01 <0.01 <0.01 <0.01

TE P E bR R [ S AN 5 B3R 2 7 e 22 5+ 2.3 ( Duncan, = 0.05) . T I,

Notes: Data are means + SE (n=3) ; significant differences among treatments within each variable were tested using Duncan’ s multiple range com-

parison (P=0.05) and are indicated by different letters. The following tables use the same representation.

®3 BRFEISFEMRAREERX TERKIRERTEELER

Table 3 Rhizosphere soil physicochemical properties of apricot orchard with different grass patterns in eastern Gansu Province

AHLBT

LR Available K Available N Available P Organic matter pH KL
Sample code . 5 . 5 Water content/ %
/(mg - kg™) /(mg - kg™) /(mg - kg™) /(g kg)

CK 157.01£1.52 a 12.31+0.82 a 14.77+0.37 a 13.11 +0.11 8.15+0.03 13.07+1.17 a
A 176.43+2.28 b 24.03£1.75 b 22.31£1.17 b 14.09+0.12 8.13+0.04 10.29+0.62 b
B 174.93+1.38 b 35.91+£1.99 ¢ 23.74+1.69 b 18.79+0.51 8.12+0.06 10.89+0.94 b
C 179.65+2.77 b 36.46+1.84 ¢ 22.22+0.32 b 15.68+0.64 8.11+0.03 12.62+1.06 a
F 134.527 50.424 32.321 2.335 0.373 22.812
P <0.01 <0.01 <0.01 0.15 0.775 <0.01
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Fig 1 DGGE band patterns and models of rhizosphere soil microbial community of apricot orchard with different grass patterns
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Fig. 2 Changes on rhizosphere soil microbial community diversity indexes of apricot

orchard with different grass patterns in eastern Gansu Province
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Table 4 Factor component characteristic root and contribution rate and cumulative contribution rate
JEHRFFIEAR B SR R AEAR
R T4 Initial eigenvalues Rotation sums of squared loadings
Comporent AL Tk % it T % RAFIEAL T/ % Fil R %
Total Variance Cumulative Total Variance Cumulative

1 9.034 75.28 75.28 7.603 63.355 63.355

2 1.406 11.718 86.998 2.837 23.642 86.998

3 0.651 5.421 92.419

4 0.382 3.182 95.601

5 0.282 2.351 97.952

6 0.096 0.796 98.748

7 0.089 0.739 99.487

8 0.032 0.27 99.758

9 0.021 0.173 99.931

10 0.008 0.068 99.999

11 0 0.001 100

12 -3.20x107' -2.66x107" 100

TE BB B ik
Notes: Extraction method were principal component analysis.
x5 TENREERTFREREEMREREEFESER
Table 5 Rotating comprehensive factor loading matrix and component score coefficient matrix
et 5 Rl - A A A TR
A Rotated component matrix Component score coefficient matrix
Environmental variable AHATF1 ANHATF2 AFEF1 AHETF 2
Common factor I ~ Common factor 2 Common factor 1 ~ Common factor 2

R Available potassium (X, ) 0.938 0.202 0.162 - 0.099
B8 % Available nitrogen (X, ) 0.788 0.511 0.056 0.121
LW Available phosphorus (X;) 0.940 0.016 0.206 - 0.211
AL Soil organic matter (X, ) 0.234 0.853 - 0.148 0.455
1A AL Catalase (Xs) 0.883 0.406 0.102 0.036
kMBS FREGF Alkaline phosphatase ( Xg) 0.887 0.065 0.183 - 0.169
FEALNE Invertase (X;) 0.886 0.333 0.120 -0.009
WA Urease (Xg) 0.801 0.493 0.063 0.107
pH (X) - 0.050 - 0.807 0.178 - 0.471
Shannon-Wiener ZFEMEFE %50 (H) Shannon-Wiener index (X10) 0.938 0.323 0.134 - 0.026
Patrick & EHEEL(S) Patrick index (X)) 0.640 0.650 - 0.010 0.239
Pielou B4 3850 (J) Pielou index (X,,) 0.936 0.326 0.133 - 0.024
Margalef 3= EEF840( D) Margalef index (X,3) 0.864 0.214 0.128 -0.019
7K Soil water content (X ;) 0.635 0.302 - 0.104 0.021

TE : TSR HOR M Rk el Jr i o 7 22 o RIEASHE

Notes; The factors were extracted by principal component analysis and rotated by varimax, then calculated the factor loading and the score of the factors.

1 14 WA AR | HE RIS A IR
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A RN A AR b L8 B A4y (&1 3)
Kb W EIELE B IR0 T, TN — R
P A

3 BT Bl 2 1 XA ) A b A AR AR
b+ LR A IR AR AR I B, 3 Fl A B AR SR B AN [R) 72
JERGIN T A PMAR B 28 A I 7 o DL &R 5
WE T LA C LA &
(P<0.05) , 1A= B Al A 8] 22 F R 8 0 0K il
NHFFEHE 5 Pl R T 25 53 5 32 A4 v R R L

RO > s LR AT RS TS A AR
At R TR A48 RO - A HILAR A B R0 K+ e
AW 2 REE T BRI AS R ], 2 1 S B R A
B3 A AR 25 57, T X b 2 52 R il = 18 2 80 I
A RUARRR A 22 AN Y AR T4 RS Bk g
IR B, UIEMERIE G 15 XA R C +
LRSI S B (P<0.05) | TR B I A i) 25 5ok
IR K (H 35 T R CK, BB B AR 3 =
it X T e SR ] A A8 25 e m A R 4 TR B
BLVE A M IS A SR YA T IR A 1 A KA R
T2 DX A SR ] - A5 T S B
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T A P A AR , 3% T Bray-Curtis AHSFE %L , 1%
JIFIN R (Y 14 35 4 S PR B DR 40065 3] 4 FhRe b iy IR
E%géﬁﬁg( NMDS) HeF I E s Ji9p i 22 %0 Stress =
0.0481, BEH1% — 4k NMDS 43 H1 B AT — & M5 3L
R, TR R PR R E B Y 99.95%
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-~ wn
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T
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b

+ 44.39+5.44

a 37.08+4.33

+ 35.08+3.82

I 25.861+3.66
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Soil comprehensive fertility

o
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Fig.3  Changes on rhizosphere soil comprehensive fertility

of apricot orchard with different grass patterns

H & 4 7T W 36T Bray-Curtis A5 PEFE 0, AR
B Ml C 7£ NMDS HEFP I & AR B4, midE A v F
B B\ C FI CK Z[a], Uil 4 Fhe b A7 A 2 25 5
14 AN R AR B A 2 NMDS HEF A9 45 31 5
N, 14 TSR T A 9 A4S i 54 NMDS

HEFP4h R A, Ml 4 AT L, 45 FF HiL7E NMDS
HEFF I L1 0 53 2 B2 5 4 398l 0 M rh IRl (7 =
0.8111,P=0.002) , %54kl (r* = 0.743 3,P=0.002)
it B AL & (P =0.689 1,P=0.007) i E A X4
Pt Akt 2R E T EEY
Patrick 3= 8 45 %0 (r* = 0.848 9, P = 0.001 ),
Shannon-Wiener ZHEVEFEEL (17 =0.697 4,P=0.006)
il Pielou YJ5)EFEH(r*=0.649 7,P=0.009) #155;
st S HEAL N T, 6 WAL Trh U s
ML SHEH A 54 & (£ =0.510 5,P=0.035),
IG5 T B 52 e 25 AR RO ) A R S - A T 22
S B B K43 5l 2 Patrick =F 5 B R B
IR, AR R A B (7 =0.758 5,P=
0.001) &AL o E AL S A YR Shan-
non-Wiener ZFEEFE B0 Pielou YA FEFREL. B A
5T A5t A R s T I 398 A AR B A A 4
Bkt | A R ok SR ] A P A A A R M ot e A A
TR RN A Fr 22 5, G R A B T 3R
RMR  RARH Y REA R & A LR & 2, X
ST SE S A — 2, VA Bl AR i DX A R - S A1
FAMUR A b | A O EER SR b 13 A M2 KA
A= WA R B 5 T e e R A BRSO R T A T 22
S, B ey in - SRR g L R AR T N7 B AR b
SRR SR A BN T Bl R b DX A R SR 1) R M R
JEEREE,

W CK Stress=0.0481
® Pattern A
A Pattern B
pel S Pattern C . 85 A T B .
< * Organic matter Urease g Environmental factors ! P value
Interplanfed W i 0811
pattern % filf Urease .
o AL Invertase 0.7433 *’f‘
8 sl { g it 41k AL i Catalase 0.6891 **
24 u S [_I[“Ve} ase A= B 5 Pattern 0.7585
SN e - =, ) i L) Soil organic matter 0.5105  *
?,’ [~ { ° .- CaI:élasel H 0.6674  **
- kY J 0.6497 **
~~~~~~~~ .-3.~___________________. gl S 0.8489
wy
IS 1 ! L L
~1.0 —0s 05
NMDS1

TE AR L BR T S54RI 5 A G SRR DN 5 IR AR ATRE A T AR T 22 5+ AU S ARt 20 S AR S Y L BRI X 7~ (35K

oo o ox IR P<0.001, = = FoR P<0.01, = R P<0.05

Note: The correlations between 13 vectors and 12 rhizosphere soil samples treated by different planting patterns were tested using the R package

(based on 999 permutations) , and significant vectors (r? values and P values were shown on the right panels) were fitted to the NMDS ordination plots ;

Ellipses represent standard deviation among parallel samples

4 BFELISFRMREMMRARBEEEXMNIEEES HRE(NMDS) HIFRESRERFEX AR

Fig.4 Nonmetric multidimensional scaling (NMDS) ordination patterns of apricot orchard with different grass patterns

and relationship with their environment factors in eastern Gansu Province
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Fig.5 Variance analysis on rhizosphere soil comprehensive

fertility of apricot orchard with different grass patterns
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