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Characterization of soil health by soil nematode ecological index
in mortar black soil
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Abstract Soil nematodes are widely distributed in the soil environment and their ecological indices are closely related
to soil health. To explore the feasibility of using soil nematode ecological indices to characterize soil health status, soil
nematode was taken as the research object by taking mortar black soil in the Mengcheng County of Anhui Province. The
correlations among the total number of soil nematodes, nutritional groups. ecological indicators of soil nematodes and
soil fertility conditions were analyzed. The crop vyield indexes under the condition of long-term fertilization were
determined. The results showed that: The soil fertility level of each fertilization treatment from high to low was NPK +
PM>NPK + CM>>NPK + S>>NPK>CK; With the increase of soil fertility level, the Shannon-Weaver diversity index, the

evenness index and Wasilewska index increased significantly, while the plant parasitic nematode maturation index
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decreased remarkably, and the soil became healthier; Meanwhile, compared with CK, the yields of NPK, NPK + S,

NPK + PM and NPK + CM treatments increased by 337.87 % ,

396.14% , 495.43% and 534.24% , respectively. The

results indicated that the changes of nematode ecological indicators could be used to characterize soil health.

Keywords long-term location fertilization; mortar black soil; soil nematodes; ecological indicators; soil health state
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Table 1 Long-term located experiment fertilization treatment
Jife AE 7 =X
b 7 o AE e} 55 43 i

Fertilization

Treatment Fertilizer nutrient content
method

CK AN it A 0
NPK AT 4l 180 kg/hm’ , 748 AL — % 90 kg/hm’ , A AL # 135 kg/hm’
NPK+S REA AT 7 500 kg/hm? FEFF+ 4% 180 kg/hm? , LA AL — % 90 kg/hm?® , AL 135 kg/hm?
NPK+PM  ZBFE +#3% 15 000 kg/hm® 33 () + 4 & 180 kg/hm® , FL & L —#% 90 kg/hm® , E L4 135 kg/hm’
NPK+CM  A#+4-3% 30 000 kg/hm® 4FEGB) +4iA 180 kg/hm?*, H 4L = # 90 kg/hm* , & kL4 135 kg/hm®
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2019 4F R A2 1% b /N 22 W3k I AN [A] i 2 Ak 3R
) e RE . R RE SRR SR B ST AL BRI
BRI BFEALR A 5 NFE SR B R A R —
20 IR /N X HER AR 20 4y 1 4E L A IR /D
X REEZ) 500 g -4, HUFE R 0~20 em HF)Z 4,
T R ARSI 5 4 CARAEA .
1.3 THEZHRERREE

JEORH B0 IR R R PR m RO ) 1 R 4 i 4y
BV R v R T R O R R R B0
TEIEM IR R . FRER 50 g & £ F RO E P
%y 100 mL K Jf 78 53 1R &), & T 80 AL L
2 000 r/min #.0 5 min, 545 135 W A REBE A
W (0. 8 g/mL) i 4], R L 1 000 r/min B .0
1.5 min, K b3 W45 T 96 %6 7K 1Y Be AR BL B A
PR AR T 1 JH 60,400 1 500 H 5 M 3 6 5% FH K
gk, B 5 400 A 500 H G R HL G 28 Ak 21 98 R
Rige Movh, 4y B 28 i 24 h YLk A B )5 .
TAF [ W (402 HEE, 7 mL; = Z iR, 2 mL; 2
MK, 91 mL) [ 5E , 76 AE W) W fUBE T 2R AT TR £k
RIS . BB 50 g fif + 438 4k
H AR R S K A AL 100 g T 4R HU R
LR FE R SRR . AR 2R Sk R R
TE A5 2 R AR IR R PR R 3 o 4 S R
P FFAEL R EHELR FHEE R /e
e LA R % E S WCOh E s R R
%)
1.4 ZHETFIENEERZ
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JEHE B PO SR 0T R 48 B 4 Bl B AR A TR A K
mF:
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D R
A= D> p (3)
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PPl = > u.f! (4)
FCIT SR R 45 4
WI = (BF + FF) /PP (5)

2 LU R L
NCR = BF/(BF + FF) (6)

Krfep B AR IT AR LB R %L
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TE A 25 TR Y AS T) 2B T SR R T Y ep fE s ST A
T 25 A= 8 OB/ s A 2 Hu R e op B o1 9 LE R BE
FF 1 PP 735l o £ 40 B £k B HL 78 28 B AL ) 2
A 2 B B
1.5 TEBHIBHRNE

- AR M BT W E B R R LR pH,
mOK) + m(+)=2.5: 1,780 ETNE;: G
JBT, E TR AN BRE: 5 A R T IR s A AL R
HO s IS AL B AN I3 O 15 Al S SR Ak B
Fl-SHB6 BT LL 608 5 A 80 L R 1R S B IR SR -EH B T L
ok s A, U5 AR B BRI - R DI BE ks AR, &
MR R P IO e Y
L6 MNEFENE

2019 4 /N ORI 78 454> 1058 /)N DX R AL 328 B
5 ANFE AL BAFE ROIR 1P D5 K S N 4
22 kLI 7
1.7 BIEZITSSH

it #s &k A SPSS 25. 0 B4 ik 47 J7 22 40 B
K F B o A s A LSD 87 &2 4% 22 1k i AT W 3 A
K, & % FH Microsoft Excel 2010 4 Ji%i .

2 HERESH

2.1 AEEEEZGTHLEES
2.1.1 FRE&EZH T LERS

X b 22 PR AR B /0N XY A 8 5% Ay BE AT 43 B
FE A EE A B ISR A LR 2. 5 CK
A8 NPK + PM,NPK + CM #& & T + 5 pH, 1
NPK NPK+S kb B 5 CK A H I @ 2 F& A% T 1 4
pH(P<C0.05), 5 Ajiti BB AH Eb » 2F 2 Tid il L 4% 2% e
Jiti fiE 25 B v B pHL TSR i Ak AT DL R RS A G i
AbER ) & REAR T -4 pH., 5 CK A Lk, NPK,
NPK+S,NPK+PM.NPK -+ CM 4 /~jifi JE! &b B i1
TIEA VL 2R TR R AR R R
Fi i (P<<0. 05) o H v 307 it JIE 4k 342 0%+ 38 AL T
TR CK M T T 28.95%.53. 98%.,
103. 44 % #1 105. 55% ., NPK + CM, NPK + PM
2 AT TC it Ak B ) - SR ML L B A AL AR
Bk RS NPK A H A 2 4 i (P<<0. 05), Horp £
HEA P A NPK 43 93 T 32, 12%F1 33.49%
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2.2.2 AT ERHy4MEGLERA

AHIEFE 2 B pH LA AL L 4 A B AL A
R RO R U 9 3R T R A
R4 A i A T it S Ak R £ - 9 B g K P kAT
TEM 25 R 0L 3. e IR 3 A A A A AE A > 1 19 5
W ERIRT 2 A sy, Wk 3 iR A 1 A )
BT M TTIRE K 65.455% , 45 2 LA 4 TRk R
22.070% , BT 5Tmk R L F] 87. 525 % , Y W HLHUAY 2

A F LA RE S RN O fE R . a4 BT
T TR B 1 O S A L L R e
A R AR TE 18] DI 5  H IR e {4 R T
0. 95, R WA HLI Bl fifp 20 L 4 Wl AT 00 L S 250 5
AR AT L Ty oK 22 Sk B AR T 5
2 Er 5 pH 4B IE 1A 2 YA 3¢ (IR 1 204 {6 7F
0.50 Ph ) XKW -5 pH &8 % d 2 IR
J1K 25 5 B9 S B T 5

R3 EHRSBMAEOMERBITREHE

Table 3

Eigenvectors and cumulative contribution rate principal component

F AR

Principal component

FrAE(H

Characteristic value

1 5. 891

2 1. 986

BTk % HEBTH R/ %
Contribution rate Accumulated Contribution rate
65. 455 65. 455
22.070 87.525

R4 VBREFHEESHSESRHER

Table 4 The initial factor load and component score coefficient matrix

P 7 5 24
i | Component factor load Component score coefficient
Ttem ES %! F 4 2 ERr 1 T 2
Component 1 Component 2 Component 1 Component 2

pH 0.433 0.747 0.073 0.376
A HLJFE Organic matter 0.991 0.039 0.168 0.020
4% Total nitrogen 0. 828 —0.375 0.141 —0.189
W8 fi# A& Alkali-hydrolyzale nitrogen 0.979 0.090 0.166 0. 045
T 2% & Nitrate nitrogen —0.479 —0. 606 —0. 081 —0. 305
4§ Total phosphorus 0. 960 —0. 260 0.163 —0.131
%W Available phosphorus 0.969 0.185 0.164 0.093
48 Total potassium —0.189 0.877 —0.032 0. 442
B Rapidly available potassium 0.976 —0.197 0.166 —0.099

Fi T 2 SEIE 7 [N ¥ o i 9 M A A B A% AN A
[F] 5 08 B s 200 20 A s o AR AR B, SR A SPSS 25. 0
Xt 9 A R HERE Iy N 7 AT AR e AL AL B, 25 2R L3R S
AR T o B Ao AR OR R AT LR 25 3 o 1553
AR N FL=0.073 ZpH+0. 168 ZSOM +
0.141 ZTN+0. 166 ZAN —0. 081 ZNO; +0. 163
ZTP+0.164 ZAP—0.032 ZTK+0. 166 ZAK,F, =
0.376 ZpH+0. 02 ZSOM — 0. 189 ZTN + 0. 045
ZAN—0. 305 ZNO; —0. 131 ZTP+0. 093 ZAP+

0.442 ZTK — 0. 099 ZAK., = ¥, ZpH. ZSOM,
ZTN.ZAN.ZNO; \ZTP.ZAP.ZTK.ZAK 4 5 K
pH A HLET 2% Bl A S A 20 A A 4
BRI AP B bR AR . SRR ) R RS
84y (AOFD . 318 A Rk IF1=0. 655F, 0. 221F,,
NS T LR G155 TFT AR KRR NE J7 8 5 J
Z L MR S Ak, 2 6 nl . 45 it IR b B Y
+ 3 AE 7 45 9 e B IR & NPK+ CM > NPK
+PM>NPK+ S>NPK > CK, £ #] Z& it B¢ jii &b 38
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NPK+ CM Fil NPK+ PM {4 4 38 S5 7K - 45 55 .
FFHC it NPK + S 4 3 0B Jy /K V- ¥k 2 . 8 it 4k A

NPK B J3 7K - 45 F 45 FF B i - A i IS Ak 2 CKOIE
T ik,

®5 BFLEEANEGTELEE

Table 5 Standardized data for soil fertility indicators
Ak 3
ZpH ZSOM ZTN ZAN ZNO;3 ZTP ZAP ZTK ZAK

Treatment

CK 0.32530 —1.26290 —1.244 17 —1.281 82 —0.047 01 —1.172 86 —0.941 53 0.363 53 —1.290 79
NPK —0.497 08 —0.636 67 0.013 24 —0.584 32 1.444 20 —0.788 32 —1.019 71 0.492 22 —0.522 50
NPK+S —1.429 11 —0.095 24 —0.416 93 —0.119 99 —0. 306 34 0.173 04 —0.05591 —1.019 83 —0.086 68
NPK+PM 0.398 40 0.974 57 1.502 27 0.873 17 0.236 65 1.326 68 0.874 10 —1.052 00 1.302 41
NPK+CM 1.202 50 1.020 23 0.145 59 1.112 96 —1.327 49 0.461 45 1.143 04 1.216 07 0.597 56

W :ZpH.ZSOM,ZTN,ZAN,ZNOj ZTP.ZAP.ZTK.ZAK 43 5% pH . A HL . 4 A 0o A A7

(& &/

G A2 A A O 1 A v

Note: ZpH. ZSOM, ZTN, ZAN, ZNOj , ZTP, ZAP, ZTK and ZAK are the standardized data of pH, organic matter, total nitrogen,

alkali-hydrolyzable nitrogen, nitrate nitrogen, total phosphorus, available phosphorus, total potassium and available potassium,

respectively.

x6 ITERNEZEESENER

Table 6 Comprehensive evaluation of soil fertility grades

b 1 F 4y Principal component A HES,
Treatment F, F, 1FI Comprehensive ranking
CK —1.14 0. 64 —0.61 5
NPK —0.75 —0.39 —0.58 4
NPK+S —0.14 —0.84 —0.28 3
NPK+PM 1. 14 —0.83 0.56 2
NPK-+CM 0.89 1.42 0.90 1

2.2 AEMEIEREGTHLEEHERER
2.2.1 FRA#EEHTHLEL EHE

T 30 X AN [ RS g K- 1) A 3 2 Bk A B &5 AR
W E R BBGE Ty 307~787 45/100 g T+ K
FIRE ) SR R e 4 i B BfP e B 22 79 (1 1,
P<C0. 05), Hih NPK+S By £k i s e £, 3k 3
787 /100 g(F +).CK & R 2 fiimx b, 5 CK
#H It NPK ,NPK + S ,NPK + PM, NPK + CM 4~

JIE 3 7K S A X g i A Ak P 2 rh SR 3 T O
JIE Ab 3L, 2 W] 4 g - SR IE ) RE At 2 1S - 1k
S SR IEAR L A HLICHLIEBC i NPK A4S,
NPK+PM . NPK-+CM ) £k H G 85 5 2% 42 = . £ 1
G HLICALIE it Ak B fry + 48 2k R A e 3 e T
Bt Ak AT b B, A L TC AL AE O it Ak 3 b, NPK -
PM . NPK+CM [y 1 58 4k S8 W &L T NPK+
S 3¢ BH A 0T A% FF G it Ak B G 2 A R A R 1 R
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e F 4 25 B it A0 2 2 O it

e B R R B MR K & NPK + S>>
NPK+CM>NPK + PM>NPK >CK, A L % 3 Jt
JIKFRX AR B NPK S 28 dt S 80w T NPKA+
CM Fil NPK+PM, ixX 5 + HEJE 77 7K - 1 22 £k ks 3
HAR—F, "Rl T Rk du S T A
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ARk A T R R R R TR S A R 2 -
BRAR 4 B IRIME o i A AR R LAY
WA XY A KA F B — 2 L T & T
191 B 1 IO AN B 42 v 4 1 4 KPR T
FH - e BB 5 O b R R O A — E 1Y )R
BRAE
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1 AERBAKENTEZHBSHF M

Fig. 1 Effects of different fertility levels on the number of soil nematodes

2.2.2 FREEFHTHLERRETRERH

X Lk i SR BE I BT A R LR 7L
EUEH 20 NME L A, Hof, CK %2 16 8.
NPK %t 15 J& . NPK+S % & 1 19 J§ ,NPK +
PM %5z 18 J& .NPK+CM %51 18 J&., 5 CK
A EE s A8 AL TG AL AE B it 4k B2 NPK + S, NPK + PM
NPK-+CM B @3 Jin 7 26 U@ i 8ot . h TA L
HLHE e e Ak 38 %) A SR 07 5 2 8 T AN it I Ak B, A
U AT A BH 4 v AT ) R R b 22 2R 4 H A
JE BB . A R ) A R A JE A e AT 5
T 3 5 A BE IR B AL R E IR L )RR IIE LV E
St )@, CK.NPK NPK+S 4b £ 4 35 @ 4 2 2 62
WEJE EAC R E R E 22 R AR ) JE T - e
A ) P 4 R i A A 1 3 I T it
Ab 3 NPK+PM,NPK + CM | 4 3 2 3k i @ — 2%
B 2 TR 2k LR 3R . NPK+PM,NPK+CM
Ab B R ) A A SRR R X R IR T CK
NPK . NPK-+S 4b 3, 5 CK 4 i . NPK+PM,NPK +
CM 4b B/ A 9 35 A= 48 SB0AR X5 =F B2 43 0 R B
28.38%.35.45% , M TAHY A7 A Lk — DL
Y J A i NPK +PM O NPK +CM 43 [, CK
+ A R TR A K, T RE A A 2 it A 2R 3%
BC it 400 ) T AR A RO R R B N T R 4
2 SR A R TR T R e A AR AT o 4 2R )

B2 W A HLC WL AE it AN AR KRR & T 3%
o 2 AR L A X R I EL AR W R IR
AR R B, X R W A A 4R i R
WA W AR L A RT R E AR AR
K.

2.2.3 FRGEREMHFTHLERRESHK

H1 2% 8 AT WL A AE ) 2510 F 1 7 AR 22 R 48 5K
(H')WFINEE 2. 00~2. 51, H 5] BEFEE (T I F /N
TE 0. 67~ 0. 85, FL M7 4k M7 - 48 £ (WD 1y K /N TE
0.18~0.61, NPK+PM #y H'{H.J {8 WI {4 &%
K CK Fe/he 88 g 7K SF d5¢ w8 4 4 300 i A Ak B2
TR ZREPEFS R CH ) (3 5] BEFR B (T R EC 37 5% 3
R (WD# CK I ## 5 (P<<0.05), 5 NPK
A H . NPK+PM fil NPK+CM ) H' {8 . J {51 WI
5w (P<<0.05), NPK+S 5 NPK 1y H’
B J{E A WI 22 7R 8% ,NPK+PM Fl NPK+
CM Zfa) H{6 . J M W25 K52,

NPK NPK-+S #y It #5820 (0 oA it JE g
B HEFAR B %, NPK+PM,NPK+CM f#
P EEFE B QO 8 CK I 3 B AR (P<C0. 05) , NPK +
PM Il NPK+CM 1) A 2 R AW, Almd,
A NE 73 7K S 1 £k U i R B0 (NCR) AE 0. 77 ~
0. 88, B IR50 v + A B BT 43 A ok B = 2 LA 4H 7
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Table 7 Average abundance and proportion of soil nematodes of different groups
e I +#E 2k du A% 3 B Mean relative abundance of nematodes
Trophic group Genus CK NPK NPK+S  NPK+PM NPK+CM
T A A 2k 80. 31 69. 82 77.35 59.10 53.07
Plant-parasites W25 JB Helicotylenchus 39.42 % 35. 14 % 32.95 19. 15 % 14. 89 %
€)@ Rotylenchus 5.16 4.11 7.23 3.44 2.15
EALJE Tetylenchus 14. 84 * 10. 01 = 15. 31 * 12,23 = 16. 05 =
WAKJE Pratylenchus 10. 62 * 7.86 3.11 12. 25 % 13.62 %
W B Hirschmanniella 1. 35 0. 34 3.12 2.11 0. 64
2 B I & Filendus 8. 74 11.6 = 13.23 * 6. 06 2.26
# I g Tylenchus 0.18 0.76 2.18 3. 86 3. 46
WO )8 Psilenchus 0 0 0.22 0 0
ML R 13.03 16. 48 14. 85 23.96 28.05
Bacterivores sk J@ Cephalobus 4. 41 4.49 2.08 1. 82 1.96
HkM )@ Eucephalobus 6.59 8. 84 5. 86 11.69 = 13. 36 =
W% J& Acrobeles 0 0 1.52 0 1. 18
WIEE Chiloplacus 0 0 1.74 1. 25 3.45
B JE Monhyster 0.58 3.15 0 4.51 2.88
/N B Rhabditis 1. 45 0 3.65 4.69 5.22
HHEL N 1.81 4.98 2.99 3.79 4.25
Fungivores W 1)@ Aphelenchoides 0.81 2.93 0. 86 2.71 3.39
¥l @ Aphelenchus 1 2.05 2.13 1.08 0.86
ZRE /AR 4.85 8.72 4.81 13.15 14.63
Predators/Omnivores fLIHJE Aporcelaimus 3 5.05 0.22 7.25 1.47
HP4)E Eudorylaimus 1.53 0.25 2.81 2.17 5.56
P2 B Mesodorylaimus 0.32 3.42 1.56 3.37 7.60
P8 Mononchus 0 0 0.22 0. 36 0
T PRFAJE A RE Y e B VE SR S 10408 1
Note: * represents dominant genera, which is accounted for over 10% of soil nematode community.
*8 FAEMIELEMTEEZRESER
Table 8 Ecological index of soil nematodes under different fertilization treatments
Eco?;:?ci?idcx CK NPK+S NPK—+PM NPK+CM
H’ 2.00£0.09 ¢ 2.164+0.07 b 2.2440.02 b 2.54+0.11 a 2.51£0.04 a
J 0.6740.03 ¢ 0.7240.01 b 0.7540.03 b 0.8540.01 a 0.8440.03 a
WI 0.1840.01 d 0.31%+0.03 ¢ 0.2340.01 ¢ 0.4740.06 b 0.6140.01 a
NCR 0.8840.01 a 0.774+0.03 b 0.8340.01 a 0.8640.05 a 0.8740.03 a
A 0.2140.03 a 0.17£0.02 a 0.1640.01 ab 0.1040.01 ¢ 0.1040.03 ¢
PPI 2.32£0.07 a 1.97+0. 05 be 2.16£0.03 b 1.67+0.04 d 1.53+0.09 d

TE « [ A7 80l A A 78 0% 22 57 1 35 (P<<0.

05) s i [F] F 1} m 22 5 R i 3 (P>>0. 05) ,

Note: Within the same column, different letters represent significant differences (P<Z0.05), while the same letters represent

no significant differences (P>>0. 05).



188 BOE Ol RO ¥

2021 4 25 26 &

) 2 A 4% U3 B F8 $ (PPD 78 K 399 it e
At BB 2z fE] 22 S W ¥ (P << 0. 05), H i NPK,
NPK+S.NPK+PM,NPK+CM f# PPI {fi i Z %
F CK., A HLJCHLAL B jiti 4b 22 v . NPK + S () PPI
6 % & 7 NPK (P <C0. 05), ifii NPK + PM,
NPK-+CM f# PPI i i X F NPK(P<0.05),
2.2.4 RENEAKTFG D EFZBME

T ik R ] A 2 A 2SR bR R A 4 A
FREARBE B AT AT VR AR IS AE /N 22 B AT T
GEHnIE 2 froR . SRR 30 ZAF N E it
JES o B 3 7K P X6 8¢ = 1 it IE Ak 3 NPK U NPK + S,
NPK+PM NPK+CM, H/NE TR & | &F )5 K
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B R EL L K e B R A O i CKL, & 2(d) ] A
B AS TR K it I Ak B A /N2 P AR B
INFE PR F I NPK+CM>NPK 4 PM™>NPK +
S>NPK>CK,NPK,NPK+S ,NPK+PM, NPK +
CM 7= i 48 CK 35 $2 T T 337.872%6.396. 14 %,
495. 43 % F1 534. 24 %0, F W Rl %5 + HENE 7 7K 1) 42
S R AR T R R . A LT UL B i
NPK+S.NPK+CM . NPK+PM I NPK %4 =
AR T A R TR, 3R WA HILTE ML T e 2 D 22 R
T AEY R T E B R . A HLICHLIE i 4 B
H NPKA+CM X /N2 77 6 3 i 80OR e b R 2
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Fig. 2 Wheat yield and composition factors under different fertility levels
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¥ RS B K1 5 AT

FBT H A AU AR AR AR5 BRIIE Tk
W N R B S O AR S H 1 IR B A HEIE ) 4
B /INZE 7R R AR AR S A R A AR AR T
RSP BT . Spearman A AL Hr &5 R N3k 9 fr
ST B, RS T LR oy TFT S o5 A
2 dUlcR: R A AR R e/ A R
FIEAE, 5 R R MUE SR WL H T/ 3%
IEASE. 5 PPLRIAH R E MAG. N TR ES
AL R WL H T E 5 E ARG SR

FAELRE R PPILAEHEB ERMEL., NE 7 HY
H JEBEEME. 5 EBERME., SR
HLIFT NG e 5 R i AR B8 bR 2 A 2 A B
FACHE, IEL R A BRI A2 S - EIE
IKF ) 22 57 BA — 3k
3 3

IR R A A5 AR W AR K BT T SR 0 Y
L HECRPIEPEMESN S, RERESE
B EE  mEARE O A Y E A KR
Frgl N 3 rp iy — 43 37 43 AR A S A0 T b



5 12 1]

R SCAAE - R e SR 2 e A 25 8 AR SR AR D 2 TR o 1 30 f BRIR O 9 43

189

R TEKBETERESIERASFHEMNEFTERMBBEXE

Table 9 Correlation of soil nematode ecological index with soil fertility conditions and wheat yield and composition
) N Tk B 7 KRR Tk £k
AR R WISy i s
. Thousand Spears per Kernels
Ecological index PF4y IFT Yield
seeds weight square meter per spike
ERPERA .
0.415 0.581 0.714 0. 852 0.701
Total numbers of nematodes
PP —0.917 % —0.894 % —0.786 —0. 656 —0. 805
BF 0. 967 xx 0.908 * 0.78 0.676 0. 802
FF 0. 341 0.552 0.678 0.536 0. 665
OP 0.891 % 0.858 0.727 0. 581 0. 749
PPI —0.879 % —0.926 % —0.852 —0.725 —0. 867
WI 0.942 = 0. 888 % 0.775 0. 660 0.795
H’ 0. 945 % 0.992 %% 0.901 % 0. 844 0.918 %
NCR 0.481 0.179 —0.091 —0.039 —0.055
J 0. 945 * 0.992 %% 0.901 % 0. 844 0.918 %
A —0.947 % —0.989 %xx —0. 895 % —0.823 —0.913 %

T FARTE 0. 05 B R .
(double-tailed).

O RS AR - 10 97 20 5 1R B AR 2 A T K
T AR MR A HUR R XS LR 4 1 5
Wi e BA it FE A PR BE . 2 0 A R IE L i v A
BRI Ak AR SCFE RN B R A A L
I B S5 R e BT g 3 A LR L L &
A R0 A A B Y . AR RSP K
SOUA [ it A Ak B Y 1 8 HE g AN ] BE g 7K P el e
FIR A MIF 2 < 8 2 TC it = 2 2 IC it = % FF G it >
AR AE > AN T 5 VTR AR I B T 4 R B

i FROR B 5 S P A% i R 23 9 5 DDA
K R HENE 7 B AR Ak 23 1 B A 12 e M 2 i
R4 3 R AR Y AR S AR AR R RAE
A FROIR L AR e o B L AT ) K 1
Pm R F R Z IR ECCHD S R BT
FIEC 3T 2R R 95 B (WD 35 52 i 4B ) 27 2R 2R U
SAJEAE B (PPt 35 B AR 2 WIS T 7K - 19 42 v fig
0 39 T - 98 2SI Wy i 22 R R R R R 20 A Y 24 2
P o 4 5k - SR RO A5 H AU T I N B A I A1
LR A Ak HURY e i R A S R S AR
SE BRI 7 1) R RS SR R TS Y

xx FIRAE 0. 01 A ORE) .

Note: * represents significantly correlated at 0. 05 level (double-tailed).

%% represents significantly correlated at 0. 01 level

SR 2 ULUR ) AR A IR HGRIE D 22 R
A A HEAR DL AT AT Y

PR DAy a6 17 e PR A T T AN () e A Ak
H 25 AT 2EAT L B, I KPS L A
AR bR R SR AE AL PR UTAE O . A HUIE AT AL
JETC i Ak B 2% PF T 5 4 2 TG e 0 A 21 5 it Ak B Y
L IR ZREERR B (H D (35 AR BT R R
IR R AR B CWD B it AR IR 1 J 35 i v AL A 28
2 UL 45 B (PPD B2 # it A0 A 2 25 B AR X 5
T HEHE T3 7K S it 2 B e — 2, R UTIE J1 K A
Xt A48 e D A 26 C Tt R A 2 I it Ak BT A SR SR A
Yy Z e S A EERE DAL L R R eI 254 L O B
RE AR A T AR 77 A e 2 o py L ) X 50N
AR FE 45 RAR — B L, SRR 2 R4
BOCHD A EERRECTD CIUH AR R 38 8 (WD Al
L) aF A 2k B EE 48 B (PPD) A LR AR 22 28 +
{14 - e fi R O o

LR HUAE SR AR AR AL S - IE S K D)
R LA 3K F B B Rk R e B R
(1 7= d AR AR S A B, MR NE T KT A X
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A2 v T B0 it S Ak L G - R AL L 4 R L
AR | R A R L N 2 TR R R R
B TR LA B 7 e R O 37 v TR S UK OF B IR AR
Jit FES Ak R, 6 P - 39 AR g KO 2 5 /N 2 P I
I ERERE,

- R R TE S5 A AR AL S AR R R
B AR S FEA S TP AR BE S, A
R 5T A B0 - Bt 25 = HENE 3 KP4 o 26 U R 2
PEFERCCHD 5 BE R B0 (T A B 3T AR i R 4R 5L
(WD) & 25 $2 &, fi 4 27 26 46 % 48 0 (PPD B
FHREAR, (IR LW AR A, /NG 2 Bl 2 %
B 14 s Spearman AH G 1 43 BT 45 2R R . R
AEATER S AR ) RN 7 R FOR B 18] LA
BEEM I, o H R 8 & 114 TFI FI/NE 7=
AR e A AR AR WILH | J A B3 I A
XK. 5 PPIHEEFENRME., — LR RAERE
FEVERRECCH D (51 BERR BT LT SR 0 R R 2K
(WD) FIAH ) 2 A 4 R B FE 48 25 (PP D 7] LLRAE
0 2% M 1 - B BRI

4 & it

1) AN (] it JES Ak 5 1) -+ A 0 25 9% oh i )
AR WK J2& : NPK + CM > NPK + PM > NPK + S>>
NPK> CK, H i, ZE I8 Bid i 4k #2 NPK + CM Al
NPK-+PM iy 4= AL I3 /KF 5 e 75 AF L il NPK A+
S FIENE S KPR Z  Hugiti AL B NPKJE I3 /KPR T
T FE T i, AN il BB A B KRR g e A1

2) IR A A TR AR S AL T K RN
HEYIME, ME L HEAR 1 KF A4 e, R F/ AR
ZREVERSBCCH ) 351 BE RS B T R0 B T AR 307 4
(WD I 2 58 o A W) 37 A 2k ol U 2 48 40 (PPD
G, g g R IR O R 3 R . AT, NPK,
NPK-+S,NPK +PM, NPK + CM /) 7= f& #% CK 43 %]
TFT 337.87%.396. 14 % ,495. 43 %5 1 534. 24 % , [H
R ER LRI (H D ) B R ) V]
AR 30T R R B (WD TR 4 A A 2R 2R A B
(PPD R EAF A 22 28 + % + 8 fa BRI B — %E /Y
CIERRE

B gt

B R R A 5 e L3R R AT R PT SR A 6
KRR AN, R BRITEFP X A TT LA
Rt EFERREPLTURNA LE,
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