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M B AW YMAN D AE R HIATRE, RIEE E 0 R T4 E AR £ KA E W
+E4KE pH 1,%1 B EMA A R AR AR f A IR EEEEN AR EEATW A
WORAHREHATHR, PR, ZREN.A0~60em L EF MAD LRI AERE L3 T4 48R
BEEMAE L RREN W ENRROES L RERHE T AR RN mE N AR RRNES, 0~
20 cm £ 23T A A E Mt 20~40 40~60 cm £ 2 4 5] E 0.03% ,28.74% ,0~20 cm + B JREE & P 20~ 40,40 ~
60 cm + & 271 & 14.10% ,169.70% ,20~40 cm -+ = B 4 88 7& Pt 0~20,40~60 cm + B 25l & 21.74% 59.53% ; % 0
~40em EEF M AERENE AT AW KAEREHNEABRRNES FEHEEI XMED T S H L
S, E kA R A 83.11%~97.28% , LR R AT, S AW KM 2.49% ~16.49% , EH B E R D, b
A BN 0.13%~0.44% ; T @ Ab B A EAR 2 (0~60 cm) 3% 4 K& pH 1 B 5 E 45 5] 4 2.94% ~8.00% .8.30~
8.79.101.92~210.87 uS « em™", WAL A H KX % & B4 H WA 4 B H 16.47 ~30.14 mg - kg™ | 15.37 ~25.49
mg - kg™ [95.83~163.60 mg - kg™ 2.85~5.43 ¢ - kg, HMAMOM KU, TR ERE L E LA AT N LR
EUHELERER ANRAEEREEEMA(P<0.01) ; H3EHT AW REHH G L ANR A3 ER
éﬁﬁiﬁi—ﬁﬁaﬂkoon LAEHREFEELEAEEREE EMX(P<0.01) LA EMEES LERLY
EREEMK(P<0.05), TAMNEN , MBS AIZ BT A A B REEET N EZWEF, A7
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Characteristics of soil factors, microbial quantity and enzyme
activity in potato root layer in Yulin sandy soil area

XIE Kui, ZHANG Teng, LI Zhuoyuan, MI Feiyao, LI Yuan, ZHANG Fan, WANG Xiukang
(College of life sciences, Yan’ an University Yan’ an, Shaanxi 716000, China)

Abstract: 16 local potato varieties were selected for the experiment. Single factor analysis and redundancy a-
nalysis were used to analyze the soil water content, pH, electrical conductivity, alkali hydrolyzable nitrogen, avail-
able phosphorus, available potassium, organic matter content, catalase, urease and sucrase activities as well as the
number of soil bacteria, fungi and actinomycetes in Yulin sandy soil area. The results showed that in 0~60 c¢m soil
layer, the activities of catalase and urease in potato root layer in Yulin sandy soil area decreased with the increase
of soil depth. The activity of soil sucrase increased first and then decreased with the increase of soil depth. The ac-
tivity of peroxidase in 0~20 cm soil layer was 0.03% and 28.74% higher than that in 20~40 ¢m and 40~60 cm
soil layers, respectively. The urease activity in 0~20 cm soil layer was 14.10% and 169.70% higher than that in 20
~40 cm and 40 ~ 60 cm soil layers respectively. The sucrase activity in 20 ~40 cm soil layer was 21.74% and
59.53% higher than that in 0~20 cm and 40~60 cm soil layers respectively. In the 0~40 c¢m soil layer, the num-
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ber of soil bacteria, fungi and actinomycetes decreased with the increase of soil depth. The number of bacteria was
dominant among the three types of microorganisms, accounting for 83.11% ~97.28% of the total number of microor-
ganisms followed by actinomycetes, accounting for 2.49% ~ 16.49% of the total number of microorganisms. The
number of fungi was the least, accounting for 0.13% ~0.44% of the total number of microorganisms. The soil mois-
ture content, pH and conductivity of the root layer (0~60 cm) of different potato cultivars were in the range of
2.94% ~8.00% , 8.30~8.79 uS + cm™' and 101.92~210.87 uS - em™', respectively. The contents of alkaline ni-
trogen, available phosphorus, available potassium and organic matter were in the range of 16.47 ~30.14 mg - kg™,
15.37~25.49 mg - kg™', 95.83~163.60 mg - kg™ and 2.85~5.43 g - kg™, respectively. The correlation analysis
showed that the activities of catalase, urease and sucrase in potato root layer were significantly positively correlated
with the contents of soil alkali hydrolyzable nitrogen and organic matter ( P<0.01), and the activities of soil bacte-
ria, fungi and actinomycetes were significantly positively correlated with soil organic matter, available phosphorus
and available potassium (P<0.01). Potato tuber yield was significantly positively correlated with soil bacteria ( P<
0.01), and tuber soluble total sugar was significantly positively correlated with soil actinomycetes ( P<0.05). Re-
dundancy analysis showed that alkali hydrolyzable nitrogen and organic matter were the main driving factors for the
change of soil catalase and urease activities. Organic matter and available phosphorus were the main driving factors

for the change of soil bacteria. Available potassium was the main driving factor for the change of soil fungi and acti-

nomycetes.

Keywords: potato; sandy soil area; soil factors; enzyme activity; microbial quantity

LA E ( Solanum tuberosum L.) @I FF, — 44
FAKEY) , 2 B R AR EEY, (UK T
N FERAERNY . BRER/NE KRS EK
REARAG B Z Bk S EE R B AP 4ER W b
R PR AR S5 E SR Y o, HHA AR KNG 7 ) 1)
FPEY) ., HA S EAH FET BITR, 5 100 g
B Ca 11~60 mg,P 15~68 mg,Fe 0.4~4.8
mg, FIEE 0.03~0.07 mg, #Z B E 0.03~0.11 mg,
JEFLRR 0.4~ 1.1 mg'™ 38 i £ FH h 4% SR b 78 A1k
PSR 2 N kD SRR T EH
ZAN BRI AR B2y | Sh DR A A B4R
R R S R AR — K, 2Bk
CHERTE 1 1Y 23% Rk A | X PR RO £ 2 4
B TR b DX 58 22 AL B i D4 b IX 22 B T o, A e 4%
E R RAEE T mE ISR,

TV A S 338 o B 23 DO ARG, R B A
e TN EENIY, 25 T REMARENTFZ LY
A2 RS R e S A A BILI A A SR
(1 5l MG ER AN AR 3 7 OCHEMEAE T . RAFY
TR RAEW A KR F R H AR, 13 pH
AHLBT R AE 4 5 K R0 S A R PR
R R EEIERR . Velasquez 25 BF5E & L, K39
it A PT ARR L BB W K X R RE S RS R Ak
AR e, WRE SRR B R R S8 5% ~
20% BCEAE Py R ] b F T A )

SRR AR EAE 3 SEAH B AT DA s )
X5 3% o3 09 A AR E0E 2E A R B R
Turner 251 5T A B, G A W k) R M 1 W | i
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T TR AL B R B AR AR B AL
SFUYHFR R, B R AR, 5 S S
PEA SN G 5, e RGP 4 i, BLAE B BN
PP 5 R BE 5K . Baldrian 55 WF5E KL, 3%
AR AT LUAE A i A4 A, 50 v A BILRK PT LA 3+
PR I TR S RN A 0. Feng 561 BF9E &
B, FE e 5 ) b, A ST 1 O R A 1
RIS, FEA LR & i m R R 2 1
TR R sl Wi BR A 42 2, SR Wi s Pk v, MR A
LB & AL ARR D e Kb iy 12, 1
BTG PRI, Sardans 267 WFST R B, Y 00 [
15 21% , IRFFEVEFEAR 10% ~67% ., 25 11, 13
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YERL, L3EK > (pH (H AR A LTSS 3
LR R DA G, B AT RIVE A A



194 TR A X AR

5540 45

g SREE B T A Bk R
PR IR T A oA | b S R AR
EXER,

FURT, X 5858 R IR 9 A B S5t s 2
A —LERIE , H 2 4R P A R Ao D =Xt IE 25 X
WA=y s i [ v X S B AR E L
SR R DL R T PR AR A DG AIE S I R AR
1, ABFFELMARTD 11X 16 A~ Eh 4% 5 5 Rl 5T
G BN R E RN T RIERUE Y RGR | IR
LAY G R A 1A o Ve e P e b 37 2 X7/ N
A IRREHG PR R 5 A A e, S e
A )8 BRI B 5 5 IR A £ IR = 1) B
loti=h

1 ARSIk

1.1 X585

TRIGAE B VG 44 A AR T B0 A A Bl i el
AR AT, IR A F AR 48 109°457307, JL 4
38°22'37" MEKEE 1 100 m, i 56 b A 7 X U8 T
B BB 2 S, 2 AR R KR THTE 6,78
A4y 0K & 400 mm, 78 & & 1 900 mm, 4F
H HRI£L 2 900 h, 4E i 8.6°C . il i X 3k
Uit £, 1 pH {2 8, LA E N 1.38
g - om”  FHEAHLR SRR 3.46 ¢ - k™!, TR
REEN14.32 mg - kg, LIS R TENS.8
mg « kg™, FIEMESATEN 2.1 mg - kg, HIEA
MW 6.2 mg + kg™', FIHEHN SN 67.4
mg + kg™,

1.2 Rt

I A K 16 A H 48 R, 28k 1014
(T1) WP 15 5 (T2) FHES 5(T3) mEo6
(T4) "W 220 5 (T5) Ak 6 5 (T6) k¥ 35
(T7) AW 11 5 (T8) JEZE 3 5 (T9) el 7 %
(T10) \FP2E 10 5 (T10) M 33 5 (T12) FEM 35
5 (T13) % 10 5 (T14) ,Shepody ( T15) FE40 34
S(T16) , AT 2020 4F 4 A 28 HFPHE,9 A 20
H sk,

FET ) 2 4 20 k) it TS 62 % SR B P L 48 i S
TR B, B BB KR KR | it AE 2R A
AV 7K T 2R G0 S A N, T T it I e PR T K
Hh St A A T I AR AR 2 b 2 3 P T
ST TR, 43300 16 FH DR 3% W R — B N 1R 1 TR 5
Ko b, & B0 N 46.4% ;N 18% . P,0, 46% ; N
13.5% K,0 18% ., Jiti}IE >R FH ] — i AT 7K - 4, AR

214 Hly 4 7t HE 7K -3 N-P,0,-K,0 & 200-80-
300 kg « hm™, AR¥E AL B AR R ME 7RI 0] PR
TE BT B 25 0 KA JE A FE SR T R S vt S
539K 0% 20% 50% 30% F1 0% ,

ARG — i UG 2B, BN X 2 28 /)N
X420 m,y'i—l": 1.8 m,%ﬁtﬁﬁ%) cm, BREE 25 em, FiFE
PR 45 000 AR - hm™ #A0 PR HHRRA FhiE %
B ALK | (R B AR [R], #E R AT 70% &
BETH BT ) T ) A8 2R B 2~ 4 A2
AR, FRRE R 8~ 10 em, HERK USG5 — Wik .
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TR B T AR R X R AL 5 AN A,
6 MREE A, BENRE N 10 em 2R EEREN 0~60
em A BT i 0 5 R . 58 pH (BRI G
PHB-4 fHE#52C pH #1002 , 6l g 2R Bl 10k
ME AR ] NaHCO, 12 42 586 T Hb {0 1k | 143K
BRSRFH NH,OAc 1248 KA 6 R R A L &
K FH AR R B0 - B RR AN BE I g

1.3.3 A mAY YT E AL AR R
P v R G T T 5 - B Tl S PSR 35—
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taykimzE"
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Bk, BRI R E A RR R A B
HACE R S T - d NP Bl 1 5 3, TR H A
RG-S HIRR R, M, W R
AR SIURAT ARG R ILT 37°C R 85 T 0 3 B 0
7% 2~3 d JF #EAT AL, LA SR LT 28°C fH i Ky %
FEBIE IR 3~4 d AT IR R B SR LT 28C
TR A B 9% 5~ 7 d Ja O
GERL
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Canoco 5 VAT B AL ¥, FH Origin 2021 #E47 &
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2 HEREH
2.1 DREIRE T IERE ST

Th4A B A SRS PR TE 0~ 20,20 ~40 cm 1 40 ~
60 cm +ZAEEEUNE 1~3 fias, it E AL ST
PER G IR (3 N R IR (£ 1) ,0~
20.20~40 .40 ~60 cm )2 i S Ak SRS Pk 24
43 5145.42 5.26 4.21 ml - g7 ,0~20 em )2 40
~60 cm + )27 28.74% . {E 0~20 em +J2,T1 +3
A SR M, O 6.10 ml - 7', T14 A,
9473 ml - g7t T1 H T14 5 T 28.96% , 2 535 ik
FARF,T1 5 T2, T3 TR EWZER, £ 20~40 cm
+J2, T3 e A A SIS e, M 6.16 ml -
g T1HfR, M 4.43 ml - g7, 7£40~60 cm +JZ,
T6 + HEit S Ak S 1 P R AIG, FL A A BTG ) 2 P22
5o BHETEALE S O ME, T3 e, TS AR,
T3 [ T5 /& 25.83%,

F1 DRBRELEH,0,EFHE (ml ")

Table 1 H,0, enzyme activity in potato root layer
g b + 2 Soil depth/cm FH{E
. Average
Code Variety 0~20  20~40  40~60  value
T1 1014 6.10a 4.43f 4282 494
- W15 5
2 ol 6.09a 590ab  4.52a 5.5
== =1
T3 5 5 5.98a 6.16a  4.64a  5.59
Qingshu 5
e =N
T4 %65 ooy S5.68abed  3.56ab  5.05
Lishu 6
0 5 X
T5 Zhomgohu 20 H88de S1Sabedel 3.31ab 4.4
FhAS 1,
T6 WHOE™T  SOlede  5.83abe  2.76b  4.53
Xisen 6
A=)
T7 B35 ispde 5.50abed 4272 5.07
Longshu 3
A6 =
T8 FOULS S S labed 5.30abedel 4.11ab 497
Huasong 11
il g L
T9 %3 5.10cde  4.94bcdef 4.83a 4.96
Zhuangshu 3
160 7 =
TI10 FOUTS S o6ede 4.56ef  4.08ab  4.63
Huasong 7
hE 0 B X
T e 10 S02be  480cdel 455 499
A8 33 H
TI2 3T s odede 5.05bedef  4.54a 494
Huasong 33
A5 =R
TI13 ST S bede 474def 4.11ab 464
Huasong 35
> =]
T14 B 10 %5 473¢  4.99bedef  4.64a 479
Longshu 10
T15 Shepody 5.51abed  5.6labed  4.81a 5.31
RE=Y =R
T16 FHAE S bhede  5.47abede 4392 5.07
Huasong 34
TEHIE Average value 5.42 5.26 4.21 4.96

AR REFRIR R ) 25 53 8.3 (P<0.05) , F A,
Note; Different letters indicate significant difference ( P <0.05)

among varieties, the same below.

IR P 1 i A9 R R 1Y) 3 o 2 R T A
(£ 2),0~20 em L JENREEE VI E N 0.89 mg
-g' +24h7" [ 20~40 cm 1 JE N 0.78 mg - g -
24h™" 40~60 cm )2~ 0.33 mg - g7 - 24h™",0~20
em T2 20~40 .40~ 60 em + 250 14.10% |
169.70% ., T£ 0~20 cm F )2, T4 + 358 IR IS M e
W, M 1.13 mg - g - 24h7", T13 & Ak, N 0.63
mg + ¢+ 24h”",T1 I T13 /& 79.37%,T1 Fl T13 +
R EA W V2R, 7E20~40 cm 1)Z,T14 +
SRR G Ve A, N 1.40 mg - g7 - 24h7' | T13 £
%, 0.52ml - g', 7£40~60 cm +)2,T6 + IR
it 7% P A A, oA A BEOE B 25 5. 7E 0~60 cm

2, T14 BREGFE MR, B T13 15 89.90%

R Tt 1% P Pt o SRR B (1 in = SRS N S
FEAR A (2 3) ,0~20 em )2 IREETE LM N
56l mg- g’ -24h™",20~40 cm + /24 6.86 mg -
g +24h™" 40~60 cm +JEH 4.30 mg - g7 - 24h7",

x2 DRERETEREEME (mg- g -24h7")

Table 2 Urease activity in potato root layer

b g i + 2 Soil depth/cm FI1E
. Average
Code Variety 0~20  20~40  40~60  yulue
T1 1014 0.90bed  0.77bede  0.37ab 0.68
I Fu =)
T2 o155 1.01ab 0.95be 0.55ab 0.83
Shaza 15
ey 5
T3 EJ w55 0.99abc  0.82bcde  0.56a 0.79
Qingshu 5
=y =
T4 ””% 6= 1.13a 0.91bed  0.33ab 0.79
Lishu 6
205
TS Zhongshu 20 0.99abc 0.99b 0.39ab 0.79
3L, < =
T HROT erhed  06dede  0.18b  0.56
Xisen 6
0 ==}
T7 b 3 0.77de 0.62de 0.20ab 0.53
Longshu 3

1Emi 11 5

T8 0.92bed 0.90bed  0.19ab 0.67
Huasong 11
=

T9 &35 0.76de 0.66cde  0.34ab 0.59
Zhuangshu 3
AR5 7 B

T10 FUT g 8abed  0.71bede 0.27ab  0.61
Huasong 7
hE 105

T11 Zhongshu 10 0.94abed  0.80bcde  0.47ab 0.74
ABNT (SN

T2 33T 089hed  0.50bede  0.39ab  0.68
Huasong 33
A =)

T3 ST e 0.52¢  02lab  0.45
Huasong 35
P10 2

T14 b 1055 0.86bcd 1.40a 0.32ab  0.86
Longshu 10

T15 Shepody 0.89bed 0.57e 0.37ab  0.61
ABNT =)

TI6 3T 080cde  0.54e  021ab 0.5
Huasong 34

A Average value 0.89 0.78 0.33 0.67
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®3 DRIRELFEEEEME (mg- g - 24h7")

Table 3  Invertase activity in potato root layer

g A + 2B Soil depth/cm FHE
Code Variety Average

0~20 20~40  40~60  yulue

T1 1014 5.11cd 4.75de 2.75cde  4.20
YhIu 5 B

T2 (/s;: 151;5 573cd  11.92ab  7.15a  8.26

.

== Bl =}

T3 8} f;iui 494cd  5.65de  3.07cde  4.55
" =

T4 ”i?;g z 8.77b 12.26a  6.71ab  9.24

S

bt =

T5 Zf(f_gf}gljo 6.05¢cd 7.22¢de  5.55abc 6.27
Fo AT =]

T6 T(T:‘ef : 471cd  433de  6.80ab  5.28
> =X

T7 Eﬁiiu; 351d  11.11abc 2.80cde  5.80
A5 =]

T8 ]:I'; :"soillgﬁ 488cd  5.67de  33lcde  4.62
B g

T9 35 593cd  S5.46de  5.02abe  5.47

Zhuangshu 3

A6 =)
10 FTE ) 40a
Huasong 7

105
T11 Zhongshu 10 4.25¢d 3.02e

1615 33 5

10.77abc  4.86abed  9.35

2.07de 3.11

T12 4.59cd  8.13bed  4.39abed  5.70
Huasong 33
RE=Yi =X

T13 IS S 05ed 407de 34dede 379
Huasong 35
. =]

T14 1055 o6 470de  1.33e  3.33
Longshu 10

T15 Shepody 4.64cd 3.03¢  3.99bcde  3.89
A5 =]

T16 FLT CS3he 7.54ed 5.58abe 6.55
Huasong 34

SEXIMH Average value 5.61 6.86 4.30 5.59

0~20.20~40 cm +JZ L 40~ 60 em + 24> B
30.47% ,59.53% ., 1E0~20 cm + )2, T10 + 3 fE bk
fitg G PR, 12,40 mg - g7 - 24h7 ROl T4,
T7 %A%, J 3.51 mg - g - 24h™", T10 It T7 &
253.28%,T10 1 T7 HA B EMEXER, 78 20~40 cm
)2, T4 3T P R (12,26 mg - g -
24h7")  HYKCH T2 17 .T10,T15 R T11 &SRB, 5
T2.T7 F1 T10 HAA B EMHE2E R, 7£ 40~60 cm 1
J2,T2 4 R R, Ol 7,15 mg - gl -
24h7"  HOR N T6 . T4, T14 /&, M 1.33 mg - g™ -
24h™"', FE£0~60 cm 21, T10 FREME B 16 P 45 5
I T11 5 218.30%
22 DHRERETEMEVHEHT

A 1 A, 0~20 cm F120~40 em + )2 + 1
HAH B | LR R R A B 2 ek BRI
TR EE (3G 0 - S 200 AT | 0 TR RT3 4 TR A S RO
R ,0~20 em 42 - EP AR TR | ELTE | L R

Byl 107.23x10% efu - g7, 23.48x 107 cfu -

g 6.31x10%cfu + g7',20~40 cm +JZ5351 K 49.02x
10" ¢fu + g™' . 11.69%x10° cfu + g7' .3.80%10* cfu + g™",
TP AT | BN LR G 0~20 em 1R
20~40 cm )24 57 29.89% ,100.85% .66.05% ., H
AT AR ST LR A T, IR Y
B b e X B, B R B R A X D 4l
BRI 5 B0 83.11% ~97.28% , FLURETi
LW, HEY R 2.49% L) I, FEAE =280k
P e (5 R 0.13% ~0.44% T8 B gk
WM T11, HUOE 16, 5/ A T4,

HE 1(A)ATH, E 0~20 em +J2,T11. T4 T5
TP AR IE KR, 43 5 150.33% 10" cfu
- ¢7' 143.67x10%cfu - g ' [ 142.67x10%cfu + g”', 1E
20~40 em )22, T10 458 P 40 B8 B V- A Kk,
H76.67x10%cfu « ¢, 7E 0~40 em 1 )2, T11 L4
A E R R L, fE XM AR ET S
94.70% , .Uk i T6, T16 138 rp 41 B ¥l & fe /b, T16
5T11 HBENEES T TI6 & 172.83%,

I 1(B) RS0, £ 0~20 em +)2,T11.T9 . T16
T B R ECR K, 415 44.67 %107 40,00 x
10°.36.00x10%cfu - g~', T7 . T8 /v, 5 T11.T9.T16
BAWEMEES, 1£20~40 em +)2,T9 + b &
B R, N 18.00x10%cfu » g 7', 5 HABAL FIAT B
FEZESE FE0~40 em )2, T9 T11 3 A
B L} 29.00x10%cfu - g7 FI27.00% 10 cfu -
g, AN 0.44% 0.24% , T8 f% /b, T9 T11 It
T8 5 167.77% 140.07% .,

B 1(C) %1, 7 0~20 em )2, T4 . T16 +
b+ R R AR K, 4100 R 11.73% 10 efu -
g ' 12.67x10%cfu « g7t KK T9 T8, T1 +3E ik
LB/, 3.00x10%cfu - g7' o 7E 20~40 cm
+J2,19 -5 B AR &R, H9.30% 10% cfu -
g ' T2 T3.T7 Boh, 5HAN A BEW2EZR, 7
0~40 cm 1JZ,T9 HIEP L HER K2, N 19.13
x10*cfu - 7', 5 bR 14.42%,T1 T3 . T5 . T7 % /0,
5 H A AN A W 2= R
2.3 ODHREREIEETHHEBME
23.1 X3EALKEF pHIE ©FF A 5D
BRZE ORI A 2 s, BEE IR
FERBE I, 138 5 K i 2 IS KR D i R
£ 0~20 em + )2 HIESKE RIS ,20~40 cm
T2 FIEE KBS 5,40~ 60 cm TJE I FE
B, T7 AP 30~40 em LEZKER K, N
9.48% , T4 AbFH 50~60 em + )2 & /KA, }2.16%
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Pt
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S 2150 e b a .
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=2 abc ed abe | | aped
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5 phafy P
Z 50 ¢ £ lef]
S g
0 N
T1 T2 T3 T4 TS T6 T7 T8 T9 T10 T11 TI12 T13 T14 T15 T16
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~ (B)
a
-m'?o ab
£ g 40 a ab b
s ¢ cd abc
= SS| de N
T3 abe cdefg  cdef 8 abe SSI cdefg  cdefg
12 201 hofy o be abeodefe ¢ g gbe & g a e 8 be c be *Bab be SS
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Fig.1 Number of microorganisms of soil in potato root layer
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Table 4 Number of soil microorganisms in potato root layer 0~40 c¢m soil
RETRS LR AR " -
. e itk HHHR g EEREE e
mn . . . . Number of . . .
. Number of bacteria ~ Proportion Number of fungi Proportion . Proportion Total microorganisms
Variety /(10% cf 1 /% /(102 cf -1 % actinomycetes /o /(10%cf -1y
cfu - g o cfu - g o J(10%ch - 1) o cfu-g
T1 91.6667 97.28 0.2100 0.22 2.3500 2.49 94.2267
T2 76.1667 95.01 0.1333 0.17 3.8667 4.82 80.1667
T3 76.0000 96.30 0.1550 0.20 2.7667 3.51 78.9217
T4 90.0000 92.38 0.1750 0.18 7.2500 7.44 97.4250
TS 80.3333 96.46 0.1667 0.20 2.7833 3.34 83.2833
T6 102.3333 96.52 0.1533 0.14 3.5333 3.33 106.0199
T7 80.1667 96.31 0.1250 0.15 2.9500 3.54 83.2417
T8 74.3333 91.03 0.1083 0.13 7.2167 8.84 81.6583
T9 56.5000 85.15 0.2900 0.44 9.5667 14.42 66.3567
T10 92.6667 93.21 0.1967 0.20 6.5500 6.59 99.4134
T11 108.6667 94.70 0.2700 0.24 5.8167 5.07 114.7534
T12 70.1667 93.60 0.1667 0.22 4.6333 6.18 74.9667
T13 68.1667 92.98 0.1433 0.20 5.0000 6.82 73.3100
T14 49.8333 93.16 0.1567 0.29 3.5000 6.54 53.4900
T15 92.6667 95.16 0.1617 0.17 4.5500 4.67 97.3784
T16 43.1667 83.11 0.2033 0.39 8.5667 16.49 51.9367
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T13 S /KBl e, HOR & T7.T13,T4 +
HEEKE P IME AL, DA% S KE T H1E
TE0~20 cm + 2N 5.46%,20 ~40 em + 2K
7.01% ,#£ 40~60 cm + )24 5.93% ,20~40 cm +)Z
H0~20 cm + )2 528.39%,20~40 cm +)Z [ 40~
60 cm /25 18.21%,

AN b Pl EH B BEAR 2 pH 3 AR LR AN 3R 5 P
TN BEAJETREE BIREIN A 5E pH (E 52 B/ S 1
I, 0~20 em + 2 pH fHi R, H 20~40 cm

8% JK 4 Soil water content/%

+ 25 2.02%, [t 40~ 60 em + )2 E 0.12%, 1E 0~
60 cm 12,16 /> Eh £ 2 5 A 11 pH {E7E 8.30 ~
8. 79VW BN, T9 4% pH ffmr, b 8.79, HKJE T10,
T8, T11 +1% pH {HAHXHA .

ANTR] R B AR 2 M SR A A R A R
6 7N, Bl JZURBE 3G N e S AR S e 1
KIGU/N#HY, 20~40 em +JZH S 0~20 .40
~60 cm +JZH TR 45.21% 40.48% ., T2 +1
FL S RS (B AR, TO A%, T2 HE T9 5 93.03%

+ 1% K & Soil water content/%

2 4 6 8 10 12 2 4 6 8 10 12
0 T T T T T 1 0 T T T T T 1
—o-T1 o
-T2 ——
10 F —a-T3 10 F o TI10
o -v-T4 = ~A- Tl
220} ~0-T5 S0t -y TI2
= = o T13
2 -4 T6 2
8 17 3 « Tl4
= 30 T8 =30 —o- TI5
3 o & e T16
i} =
E a0t w 401
T sof Tsor
60 60T
2 DHRERELIESKE
Fig.2  Soil water content in potato root layer
x5 DHERELE pH ERHE
Table 5  Characteristics of soil pH value in potato root layer
B8 VR R
i%{*&_ T2 T3 T4 TS5 T6 T7 T8 T9 T10 T11 T12 T13 T14 T15 T16
Soil depth/cm
10 8.71 8.80 875 880 839 859 853 877 871 8.74 839 850 842 8.81 8.75  8.55
20 8.62 8.64 865 864 840 8.60 824 8.66 9.01 8.78 8.25 835 8.21 8.60 854 8.36
30 845 847 864 849 828 856 8.25 8.51 8.76 8.68 820 822 820 847 8.46 8.17
40 853 845 839 842 829 855 844 859 872 871 822 819 820 854 844 8.08
50 8.63 848 845 852 845 844 859 874 869 867 822 826 833 844 833 8.26
60 8.74 870 869 890 874 858 882 882 882 88 853 856 8.55 8.87 842 850
*6 DHRERBELEHSE/(pS:cm’')
Table 6  Soil conductivity in potato root layer
R
8 j: TR T1 T2 T3 T4 TS T6 T7 T8 T9 T10 T11 TI12 T13 Ti4 T15 T16
Soil depth/em
10 13452 106.10 115.84 114.02 11470 96.82 123770 8326 76.04 89.68 121.96 109.30 139.90 10848 94.10 143.70
20 20698 184.62 15532 16798 11820 91.90 24504 13252 84.58 93.84 220.04 161.16 217.72 203.94 100.76 208.04
30 228.88 2065.02 221.50 220.35 155.68 14336 27620 14232 11396 106.72 237.90 20848 25620 248.60 102.54 253.50
40 180.16 251.75 237.26 237.62 168.30 147.12 27048 123.54 12390 12030 231.96 22840 23444 224.60 117.76 259.16
50 181.82 215.66 209.80 18042 13560 141.52 22258 9228 12588 114.84 207.78 19698 166.86 216.02 126.02 183.86
60 153.02 15726 11870 87.14 7530 8838 12724 7593 87.14 87.76 12324 123.12 12268 105.78 13512 126.04
232 ERAME A I ANEEE  on LRIIRIEIL, 0~20 cn £REMRAT R

H & 3A AT, T2 76 0~60 em 1 2080 & B R i
1,0 90.43 mg - kg™, T3 K2, M 82.83 mg - kg™,
T9 F2A%, 4 49.41 mg - kg™, T2 [ T9 (583.02%, +
SEn AR R T B A TR B A B 0 2 B R R A, £
el A FEAET 14 0~40 em +)2, 7F 40~ 60

YA 25.35 mg + kg™ ,20~40 em + )2 S
SEYE N 25.24 mg - kg™',40~60 em + EHAH A
HEHE N 16.68 mg - kg™ ,0~20 em +JZH 20~
40 cm +JZ R A S B 0.43% ,0~20 em 12 H 40
~60 ecm L JZIE A & B 5 51.98%
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HI Pl 3B W] AT, Th 4% AR 2 A AT Akl 1 i B
R IREERSING FFE,0~20 em + )24 50 & 7F
PIE A 28.85 mg - kg™, £ 20 ~40 em T2
50.97% , b 40~60 cm TJ2E 117.74%, T12 £)2H
5 i RRUAE A S, HUOE T14,T4 | T5.T6 7 F
T11 RS EHRAR,

& 3C A5, 7E 0~20 em +J2HT, T16 R4
S s, M 263.30 mg - kgt T4 Bk,
138.30 mg « kg™, T16 Lt T4 & T 90.38%, 1 20~
40 em 2, T16 BEALH & & Y &S, A
152.40 mg « k™', T4 4 )2 HERCH & & 9 /1%,
T16 T4 % T 68.77% ., £ 40~60 cm +)Z2H1 T1,
T1S SRR & VI (E 3, T4 4 23808 % 27
PIE RN, 8 SO o Bl TR Y 2
PFRERE S, 0~20 em 1 )2 HACE & EOEHE N

1107

- (A)

2100}
_E 90t
o
g 801
T
Wg 70
E'S ¢
=
EZ 5o
$1 R
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¥ 30
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=
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178.93 mg - kg™, [t 20~40 cm H140~60 cm + /25
T 35.93% M1 126.15%, 1E 0~60 ecm + )21, T16
T S i R AR R, O 490.80 mg - kg,
T4 38 208 & i B BUE A AR, 7 287.50 mg -
kg™, T16 It T4 % 70.71%,

HH I 3D AT, B AR B AR ZE A LT B
TEHRERE MR T REE,0~20 em +2H P
SHEEHE A 5.05 g - kg™ ,20~40 em +)EHHLE
FEEE N 4.42 g - kg ,40~60 em - EA LR
GHEERE R 2.35 g - kg',0~20 em )2 20~
40, 40~60 cm )2 53 5 14.51% . 114.89% , A HL
FEEEFIIEIE 0~40 em )2, MA[E 5 FH D
BERE T 7E 0~ 60 ecm +JZH WL & & B EE
LN 16.30 g - kgt TI3 A, T9 [ T13 &
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Fig.3 Contents of alkali hydrolyzable nitrogen, available phosphorus, available potassium

and organic matter in potato root layer soil
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AT it S AR R A e R B2 S AN R 4
IRNo AR AR B 22 R TS P A,
F77.97 t « hm, HRKOGE T, TS =& T1 &
333.16%, [t T2 T3, T4 . T6 . T7.T8. T9, T10, T11,
T12.T13 . T14,T15 T16 43 5 7 183.42% .264.68% .

43.91% ,11. 85% , 141. 92% . 38. 05% . 200. 86% .
70.05% . 8.53% . 183. 42% . 139. 76% . 95. 22% .
61.63% ,123.54%, T1 F1 T3 P25, 5 H AL B
AREMEESS, T EABS ERE, H1.36 g -
100g™" , R ZE T2 T8 . T9, TI5, 551K 1.29,
1.27.1.19.1.15 g - 100g™", T13 Hf%, T11 [k T13
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277.78% ., T11 VM & iy, A 13.35% , Hofh 4%
B RP L ZETE R S A 7.82% ~10.14% , T11 5 H
flu s A A W PE2E R, T4 (T8 T13 Al VM Sk
Sk, 5 HAL A A B2 R Hob T13 &
L HR T4 . T8, TI3 [k T2 & 477.78% ., T15 4
HECHRTRE, M 11.54 mg - 100g™", HRE T11
T2,T4 . T9 & E AR, T4.T9 5 H A & A A &35 P
255t o IR TRh SRS A AR i H A 22 R,
T1 AR50 B e K, Hok o T11, T12 . T13 . T16 /)N,
T1 F T11 #547.35% , [t T16 & 347.12%,

25 DREREIERSESLIEMEE.MEDN

XE

251 LEMEN HMAMHKETSELERTFAER
SFr R T A, SRR LI AL AR S
e T A AR R A RO | R A L iR
il AR TR | LA TR S S IE A O (P<0.01) , 5+
HESoK i A iR 2 0 2 IE A OC (P<0.05)
T SENRMG S A e TR A A A AR | SR

FHUTT R 20 DA | A 2 ) 2 A B IE ARG (P
<0.01), HIFEEMEEGE + Rk A A AT DL 2 )
e B 35 IEAR G (P<0.01) . T3 5 - el & .
AR A A PLBT L 2R T ) R A
FIEAHR (P<0.01) . TIEET S T3 Rk AL
B A AL ISR B ) S IR AR G (P<0.01)
T S A o R A AL R (]
W FIEMK(P<0.01), BREFREREH &Y
FREWEREE P52 3 AR G (P<0.05) o AT 1k Spl
T A R R 2 W IE AR G (P<0.05) . HAR
SRIES pH A AN EE AR 5 B3 IEAHDE (P<0.05) , 5
K DR T B R UM O (P <
0.01) , 5 RER A IG 1 52 3 A58 (P<0.05) , B
257 S U R B A 2 IEAR G (P<0.01) , 5%
K S AR AR 2 U G (P<0.01) .

252 LAFEREIERTL BTN HEY
HERASH A G RS £
M FIUA TSR (5 #2826 9) &M, RDA HE



201

AR X S % AR = S N A M S PR R

e

it

55 4 39

“([PaorR]I] ) PA9] [O7Q 1B MuRALIUSIg

# % S ([BRIP) [P89] GO0 18 RIS ol0N]

T (XK ) AN 10°0 T s = " T (i K ) A $0°0 = 7

000°1 000 «SO0C0 861°0 L800  ILI°O 920'0 2000 10— CCI'0—  « «CLTO- 9010+ 61€0- 6900 00 . .06C0 1200 1210 160°0— PRIA ol
Ayisuaut
000°1 790°0 ««0PE0— . . 0CE0 101°0 900 Sc0'0— 6L0°0— €800 <000 X CCCO 4 +98C0- . .68C0— SS1o  .0eC0 . 60C0— TIT°0 L100 Surumoig
FE
. . D umwejry
000°1 « = 00C0— . .80€°0 1600 00— 800 8L00 00— £€80°0— SSI'o- 200 €LIO- €0'0— LZI'0  8E1'0— 100 cl00 0 ¥
. . ) . . . ) . . . - . ) . . . esns ojqnos Teiof
0001 6L1'0— 101°0 00— €90°0— 650°0— 6v1°0- [SE PL00- 8200—  .SECO 00— CIT'0- 8200- 80— S00— YR
000°T 6C1°0 651°0 L20'0- 160°0— 00— 650°0— 110 « +80€0— 6C1°0 900  €I0 9c1I'0- TS00 SIT°0 wotor] M 1L
000'T S200- 000 #90°0- 6100— 200 SAN 00—~ 6200 9v1'0 1800 60C0— €€0°0 LT00- yorerg {He
oYW OTURSIO)
000°1 wxLEL0 W TW0 4 . ECS0 00 9000- 8010 ««¥E0 . .6870. LSO, 9800, .85L0 . .L890 ey
uwmissejod
000'T ««V8L0 . EIS0 50°0 LETO- [0 «.8I¥0 ..9190..vy0 +IT0..S590 . .90 Iqe[ieAy
e
snaoydsoyd
000°1 « « 0670 910°0- a0 IE10  ««LSE0 & €SP0 LLVO  TT00 .« 1S90 . . SPSO Iqe[eAy
uaBonu
000'1 + 8050 4 . 6C€0- .90C0 S00'0— 861°0 . «S6C0 . . FIE0, L SELO .. 1990  pazk[oipdy 1eyy
W
. . i . ) . . . . Aanonpuon)
000T  «+2690—. .0S¥0 61°0— 8¢00— T800— SLI'04«SLTO . .€CE0 sk
000T .« .6970- 8¥1°0 LE00  S000  6W00— 9ST'0- . I1T0- Hd Z¥H
. . ) . . ) . JUAIUOD TOTRA\
0001 961°0- LT°0- I'0- €000 €100- 6000 T
. . . . . § alpokwounoy
0007  ««€970..29C0 S600 810 « 1CC0 P
000'T «+TLYO 0104 . SIFO  ..L9TO sndun,| [EIEf
000T TLOO.«S9S0 . .91%0 ruapeyg |7
000 « «LLTO L« 1€C0 aserong i eHT
000T . .COL0 oseaI() fik¥
0001 ase[eIe)
BWENER
esns uaSoxyu
: Aagsuopur a[qnios < : someut - umisseiod - snioydsoyd 9ZA]O. kY Aita oNpuo; d WO fwoumoy snSuny euoprg aseong asear IseeR
MIWF Surumorg ) S\.%Ew QEM > “E_Sm ;Www oweSi)  S[e[IEAY  S[qe[leAY P ﬁ, [P Apronpuoy MI_ U Y ' _M_E\:Mé ) _Mw_: «r,_ ,W_AE\M_ o ‘JM ! .W.EWMJ
: i1 & e k y £ =D
Hol BT REEET %JHM_W " WHE A WINY  ER my WMMM@ st F ) B ME O HNE SR S SRR
I i

Aenb pue pppif ¢sio10ej [10s o1ejod Jo sisk[eue uoreELIo) 7 9[qR],

WERXHHEE EL FHHETERE L%



202 TRIB XA AT

5540 45

R8 LDHREREIERTFELIEERE RDA SHER

Table 8 RDA analysis results of soil factors and soil enzymes

2%
2H Axis 1 Axis 2
Parameter
- 4
FPAEE 0.2107 0.0231
Eigenvalues
R R i
. .3
Cumulative explained variance/% 21.07 23.39
e 22 K
*ﬁi%;& . 0.5062 0.3668
Correlation coefficient
ZM BAUA 7 St
ZHC B AL S5 89 88 9973

Cumulative explained fit variance/%

®10 DHREJFREIRETSTEREY RDA HHER
Table 10 RDA analysis results of soil factors and soil

microorganisms in potato root layer

¥
ZH Axis 1 Axis 2
Parameter
e
FEfEfE 0.3549 0.0111
Eigenvalues
R i
35. .
Cumulative explained variance/ % 549 36.60
. mﬂé%é& . 0.614 0.452
Correlation coefficient
T A R A B i
FROMBRIE S 96.92. 99.04

Cumulative explained fit variance/%

®9 DRENETFBEXTHERET RDA LR

Table 9 RDA results of soil enzyme related soil factors

T %%f; m%k%/%
. Interpretation Contribution F P
Soil factor
degree rate
AHN 12.9 55.0 13.9 0.004
oM 33 14.1 3.7 0.066
AP 6.5 27.6 7.7 0.006
pH 0.5 2.0 0.6 0.456
AK 0.2 0.7 0.2 0.674
SW 0.1 0.6 0.2 0.750
SC <0.1 <0.1 <0.1 0.982

2|
iy I I ' ' ' 06

T SW- b K i, SC- R HE 5% AHN - 4
AL, AP - E AT B0, AK— B B S0, OM - +
AHUBE, CA- 39 AUl S, UA - IR B, 1A - HEWE G
TIE,

Note ; SW—soil water content, SC-soil conductivity,
AHN=soil alkali hydrolyzable nitrogen, AP—soil available
phosphorus, AK - soil available potassium, OM - soil
organic matter, CA-soil H, O, enzyme, UA-urease, IA-
invertase. The same below.

Bs5 DRIJRELEREFEUESLTEET RDA HF

Fig.5 Ranking of soil enzyme activity and soil factor RDA

F11 DHEREIEMEWHERXTERTF RDALR
Table 11 RDA results of soil microbial related

factors in potato root layer

oy RIS
. Interpretation Contribution F P
Soil factor
degree rate

oM 27.5 75.1 35.6 0.002

AP 3.2 8.9 4.4 0.032
SW 3.1 8.6 4.4 0.03

pH 0.8 2.2 1.1 0.294

SC 0.8 2.2 1.1 0.298
AK 0.7 1.8 0.9 0.324
AHN 0.5 1.3 0.7 0.434
I,\f

- S AK

SA
sc M AP
N I
— .
SB OM
sw AHN

wy
=)

|

—0.5 1.0

T SB- AN, SF- LT, SA- R
ZLH,

Note: SB—soil bacteria, SF-soil fungi, SA-soil acti-
nomycetes.
Eo6 SHREFRETEMEVHESTIEEF RDA HF
Fig.6  The number of soil microorganisms in potato root

layer and the ranking of soil factors by RDA

VPR AT P B T 3R B 2511 23.39% , 3t
MR T LIRSS LN T RRARR T EN
99.73% , Wi fift 8 1) DT R S i s, R 55.0% , HAk oA
MU, 398 PR X6 - I P %) 5% 1 /N Ay - A
A>H MU SA 808 >pH 5 >8> &K 2> S
R R A A LT I A S DR R T 4
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K, ML FoR AT - ERERE S i AR pH (H 5 3
PG P 25 S M O, 4 b ek e SRR A BIL T
458 5 S A S R DR I A A Ak ) FR K B R T

AN Rh B 44 B U E e 5 L R
TR B (18 6 £ 10 .35 11) %W RDA HEF WY
HIPARH R B T 00 W B B 2519 36.6% , 3t
fERE T HIEMA SRS AT RRA T EM
99.94% , A HLBTH ST R =, N 75.1%, L3R4
W5 A YL A S0 A G, 3 L R
SR A IR 5 S S A G, TR | Rk A AR
WEAADC, b A LT R R0 2 1 4 T A
AR FZ RS 7, SR R iR
PR A IR N

3 0w

TEVD I e b, 1 53R 20 F SR AR, 1 A 3
PR RS P R Y s R S A — e R R
e - S o bR, DT T LA S o A Ay A FE 4 P4
W% GO RY], R ORI T R
Yy AEWIFN S, A P o T ) AR Wi P AR
b, ATLARRPEAN £HEAE 2 e | e
WVERVEN T RIE Ty e bR, LB alisE o + R0
RPN+ SN S AR R A AR R,
ANTR] it ol % 2 9 ok AR A S T 1 4 B g R
JEE (3G 0 2 BRI R 3 S9N ER SR (g 25 A
L, IR S R 2 T R X 5 R e R A i
FAER—F, AR LI, ML 0~20 em £ )2, 7F
20~40 em +J= T2 T3, T4, T5 .T8. T12, T13 .
T14 \T16 TIEREERGS M B BUR R A, -
SFE R T % P B M TR R Y 1 £ B e T e S
RS X 5 R B 5 % B sT 45 R TR] X T
e 7] it o 48 S50 1 48 1o W il 1 52 e AT G
- RS PE R I, AT DA B S g e AR i
PAS A b2 vk R R A RE ) R T
R 1 5 S Y S R B A OGBS ) - il
TR B A T A R ARG &
B, s AL S R SRR A A O
AR AP BT Y 35 A0 G, S RERE S 1
B R A AL i AR OG

IR S AL A pH (E A L
ARV 1 38 o 1 1Y AR s, IR YRR
Tt 136 A P 498 A AR B 3 D AH G, 33 A W A
i TG PR T A B G I A R AR, A

PR IR R R e 2 0 — D R R, 2
A PR AR A B R R
ARG ST EEE RN, TES 5 18T
AHUBTHY 53 A% | I8 B 5T B8 18 A A TR % 1] 3
PRI RAE R T 5 SN T L) KA LB e
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