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Analysis and comprehensive evaluation of soil nutrient status for
greenhouse vegetable

WANG Qiu-jun, MA Yan, GUO De-jie, WANG Guang-fei, WU Yun-cheng

(Institute of Agricultural Resources and Environments, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China)

Abstract:  Using the combination of principal component analysis and fuzzy mathematics, the status of soil nutrients
in the main producing area of greenhouse vegetable in northern Jiangsu was analyzed and the soil fertility was evaluated
comprehensively. The results showed that the average soil organic matter content in northern Jiangsu was 2.6% , which be-
longed to moderate level, but the content of soil organic matter in Yancheng was insufficient. The average soil pH in north-
ern Jiangsu was 7.2, but 34.2% of the soil was alkaline, and 2.5% of the soil was acidic. In particular, soil alkalization in
the Huai’an area was more serious. The average contents of soil nitrate, available phosphorus, and available potassium were
152.5 mg/kg, 152.5 mg/kg, and 386.2 mg/kg, respectively. Moreover, there were excessive accumulation phenomenon,
but the accumulation extent of soil nutrients in different cities was different. Factor analysis was used to determine the
weight of each soil index, and the comprehensive soil fertility index was calculated based on the degree of membership. It
was found that the average comprehensive soil fertility index in northern Jiangsu was 0.5, and 25.2% of the total soil fertility

was less than 0. 4. Soil available potassium is the main limiting factor of soil fertility in northern Jiangsu.
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Table 1 Values of turning point in membership function and weights of each factor

£zt SR JE I PR A TR AT R el LR 1B E (%)
AP (g/ke) S & 15 45 20.9
A A (mg/kg) S %Y 25 50 100 150 14.6
AW (meg/kg) S 25 50 100 150 13.7
ML (mg/kg) S 100 150 200 300 18.3
pH E(ILY/ Y] 5.5 6.5 7.5 8.0 14.6
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L5 HESH

B B Microsoft Excel 4, & SPSS sta-
tistical 22 4T F 55047

2 RS0

2.1 TEEAHEARESIT S

2,11 AV K2 LU, Jrdb HLIX
TR S8 H 2. 5%, W2 M 5=
I LA P & A 2.9% 2. 9% |
2.4% . 1.9% , HAF B Z B (CV) 5 B R 19. 5% ~
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Table 2 Soil organic matter content and its distribution frequencies

33. 1%, 85 ZBFIR LR T 48 AR AR STk 0 K
/N, CV<0. 1 B R 5528 S, 0. 1<CV< 1. 0 By A 45
ARSEVE, CV > 1 3R AR Sk o MR SCHk[ 15 ] %
5T XN A AL & AT 50 9, R B At b X
23. 5% - A LT & AR TG AE (2. 0%) . 1
LM G R I A LT S AT
(AR 4> 3 0.13. 0% . 18. 7% \53. 4%,

2.1.2 3 pH K3 aJLIFE Y, TRl i X i 415
pH SEYMEN 7.2, W% AR E =W R 3k 11
pH FEHE R 7.6.7.2.7. 3 .6. 8, HAR 7 R0
B0 6. 1%~ 15. 6%, ¥ CHk[ 15] % + 48 pH {4
AT G, 45 R B, Jn b L X A 45. 6% 1) 3 R
HbE 34, 2% IS RME L 2. 5% 3 SR, TELE
M T = W BRI R P M L R
3.2% .69. 6% 52. 6% A6. 5% , + & B FRYE M) 5 b4y
WK 25.9% 4.3% 18.5% 34.9% , + HE S pE
g7 F4 3R 70. 9% 26. 1% 28. 9% (18. 6%,

AHLBTE A (%)

I Bt T 1 i i
(<1.0%) (1.1%~2.0%) (2.1%~3.0%) (3.1%~4.0%) (>4.0%)
plirg 31 2.0~3.9 2.9 0.5 19.5 0 0 61.3 38.7 0
M 46 1.4~5.5 2.9 0.9 33.1 0 13.0 41.3 30.4 15.2
i 38 1.2~4.0 2.4 0.6 26.8 0 18.7 41.6 18.7 0
i 43 0.8~2.8 1.9 0.4 25.6 4.6 48.8 46.5 0 0
®3 LTI pHERESTHE
Table 3 Soil pH value and its distribution frequencies
, pH (B AR (%)
Hb s, FEAKL pH & SEH(H b2 (ﬁ,;/;)\ R Rt R i Bk
(=<4.50) (4.51~5.50) (5.51~6.50)  (6.51~7.50) (>7.50)
blirg 31 5.0~8.8 7.6 1.2 15.6 0 9.7 16.2 3.2 70.9
TR 46 6.4~8.1 7.2 0.4 6.1 0 0 4.3 69.6 26.1
i 38 5.9~8.9 7.3 0.8 10.9 0 0 18.5 52.6 28.9
i 43 54-~82 6.8 0.8 11.1 0 2.3 32.6 46.5 18.6

213 XEMER MEAPILAES, BILHX
ISR Y& &R 152.5 me/ke, L
M= R IR SR A BN

175.8 mg/kg, 199.2 mg/kg, 166.7 mg/kg, 74.8
HAR S ZBGE R 77. 0% ~ 110. 6% , Horp i
IR S AR R o RS SCRR L 15 ] X e 2

mg/kg,
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Table 4 Soil nitrate nitrogen content and its distribution frequencies

N 2 R A A R R R T R I
(9 15 H B 64. 4% (65. 1% ,52. 0% 18. 5%,

PRIEZE

SRS A (%)

N = . 2

s ey MARER P BRER RRAR 15 z e s
(mg/kg)  (mg/kg)  (mg/kg) (%) (<250  (25.1~50.0 (50.1~100.0 (100.1~150.0  (>150.0

mg/kg) mg/kg) mg/kg) mg/kg) mg/kg)

W2z 31 955588  175.8 135.4 77.0 3.2 0 322 22.5 41.9
@M 46 7.0-991.8  199.2 183.9 92.3 10.8 8.6 15.2 43 60.8
s 38 44.6~1202.2 166.7 1843 110.6 0 2.0 25.0 2.9 20.1
ik 43 11.1-2980 748 65.1 87.0 18.6 25.5 37.2 4.6 13.9

214 EEAHEE AESATLAES, AL XA+
AR 5 1526 my/kg, HEL RN E S
W RIS 2 B4R 93.3 me/kg
191. 2 mg/kg . 194. 4 mg/kg 117. 1 mg/kg, HAR 55 2%
TLFE A 39. 7% ~44. 9% , A4 SCHK[ 15 ] %F 58 3L
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WS RIEAT 09, S5 R R, DR L i IX AR 22. 8% 1 1
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70. 8% 114 - HEA 0w 5 40 v Tl S {EL TS BRI
T HE RIS AT R i T I R I SRR o
Fea33) ok 32. 2% .86. 9% 72. 8% 62. 7%,

Table 5 Soil available phosphorus content and its distribution frequencies

AR AR (%)

Mk AR TR S AN ELZ ) — —
Hi BEAKK ﬁxﬁ'l@iﬁ L8 q:ij]fﬁ P {E]% xa://‘{ £ WA g th P 5

(mg/kg)  (mg/kg)  (mg/ke) (%) (<250  (25.1~50.0 (50.1~100.0 (100.1~150.0  (>150.0

mg/kg) mg/kg) mg/kg) mg/kg) mg/kg)
ez 31 165~177.6 933 40.8 43.8 3.2 3.2 61.2 25.8 6.4
“m 46 28.9~461.4 1912 75.9 39.7 0 2.1 10.8 15.2 71.7
e 38 40.9-4253 194.4 87.4 44.9 0 2.0 4.1 20.8 52.0
I 43 26.7-2482 117.1 50.7 433 0 11.6 25.5 34.8 27.9

2.1.5  BxakaAr M6 nLIAE L, JRdtH X £
SR X 5 Oy 386. 1 me/ke, T TR E R
W R TR T B S ) R 1384 me/kg
490. 7 mg/kg .608. 4 mg/ kg 256. 4 mg/kg, HAF T 24X
T FEIA44. 2% ~56. 4% o FRAESCHR [ 15 ] % 43 34
I T G R R B, T AU LI AN 7. 6% 11 £ 4k
ROER o B AE OF R 6 (1501~ 200.0 mg/kg) A,
68. 4% 1) 1~ e U B 1w Tl FHE . R ARM
TEZUS RN - HEHACE i T I AE Y
FL4r5H 16. 1% 89. 0% 79. 1% 55. 7% .
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N T AR PR B 000 E (H BE 08 AH B LA, AR
AR BUR NG RN U RS A R pia
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SR B AR T s Bk e (1) o M1 w]
AL X AR AR P % pH PR E
BEd/IN(0.3) (B TA) IR G = s o X+ 4%
FEAR o T R 2 SRR X O fe /(0.3
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Table 6 Soil available potassium content and its distribution frequencies

brifE 2

S A AR (%)

Yifi 7 A2 2 A N L
Hi BEAS l@i’fﬁ’kﬂ% *igfl‘ e , B I i B =
(mg/kg)  (mg/kg)  (mg/kg) (%) (<100.0 (100.1~150.0 (150.1~200.0 (200.1~300.0  (>300.0
mg/kg) mg/kg) mg/kg) mg/kg) mg/kg)
2z 31 46.9-362.5 138.4 66.7 482 25.8 483 9.6 12.9 3.2
@M 46 100.1~1128.0 490.7  263.6 53.7 0 43 6.5 19.5 69.5
7 38 217.2~1187.5 608.4  269.3 442 0 0 0 10.4 68.7
I 43 778-7117 2564 1446 56.4 46 25.5 13.9 23.2 325
A <

g

e < s AR MR <

A

Ak

S AU " AR

AEZ B ARMCo i M DR IGE R X

1

THEEAEEREEENTIEE

Fig.1 Radar plot of membership degree values of soil fertility factors
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(RSE24 IFT 43 5] 4 0.5.0.5.0.4.0. 5, &% CHk
(13 ], T 3EZR 6 0 0 48 $lok AR MEFE AT 5T IX 1
Borh S A %%, BIL(>0.80), R (0.61~
0.80), 1% (0.41~0.60),24(0.21~0.40) , 1R
2(<0.20), IFI 573 9 25 R W, 75 At X
25.3% 1) IFI KT 0. 40, e RN E =W ER
W IFT K F 0.40 9 5 L 4r 5 b 22.6% .
26.1% .39.5% 13.9%

3 9 e
31 TEFHSRRASH

ST U DI 42411 > e Yl P w4 A= 2 Vi
W SE 23, A B 75 A M DX 35 e i =% 4 3 77 4 FUIE g
ROAFFAE R Z [ 8, R XA 23. 5% (1) + 3
AHLTT AR TG SE (2. 0% ), Ho v 3k 3ol i X 1Y
FHEA T & BB, A 53. 5% + 50 ML
Fr AT 2. 0%, 33 Uhd Wk 30 15 it i 5% 6 77 X A K
LRI WL B R 1k B 15 it i S A T
K, T HAHEA YL . 75 db b X 15 =% 7= X 0 +
BEAFTERR AL MR L IR 42 , G 34. 2% (%) + 1 pH H K
T7.5,4 20. 2% ) + 3% pH {H/N T 6.5, X 36 75
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Table 7 Comprehensive soil fertility index and its distribution frequencies

H AR IR T ATIER (%)

Hi i T {E FHfE PRifi2E

WAL <0.20) £(0.21~0.40)  1(0.41~0.60) 4:#(0.61~0.80) i (>0.80)
e 0.2~0.8 0.5 0.1 6.5 16.1 67.7 6.5 3.2
M 0.2~0.9 0.5 0.2 2.2 23.9 58.7 10.9 4.3
HERH 0.2~0.7 0.4 0.1 0 39.5 52.6 7.9 0
i 0.1~0.8 0.5 0.1 2.3 11.6 53.5 32.6 0

BWFTEE NN, Bt % =% 1 98 P s 2SRRI 3L
B T 100 mg/kg, H OB & # & & & T 200
mgy/ kgl A BET B S e B L AR 4
S0 AL X 53. 8% + HERS A A A & F 70. 8%
() 34 R0 1= T 100 me/kg, H 68.4% (1) +
SRR B R T 200 mg/kg, X AT RESE i T ER A
A F it it AR B BRI, A S R4 R
FEH AR T A P it ARAR L, & BRAR 22 4% o 7 Jiti A rh
FEREF AT HEFE IR TR 59500 T R A A T
NEAAAEE Bk, B T ARG 2 50 = = e,
I . IS AR A SR BN S
T - HEER Ak, S m s 3 AR K At it 7K A
BTG YA . TR X 30 7 22 5 K ite
JE ST AN [, (45 4 596 035 43 6 AN TR) b X 4
SREAR, R0 E 90 FehrifE, K IA
WFFE X 38 Y AT T 22 M IX 0 AT R & it (93,3
mg/kg) A E R (138. 44 mg/kg) Kb i X i
SRS H(74. 8 mg/kg) WV (H 8 T 1
A 0 3t DX RT3 2 st X ) i 2 G0 A 0l A Tk 2
PR R OE Y AR & I S, X U SR AE =
W b DX ) 3 R o B B AR B T I AR I
DX, B P RN 3% 2 8 b DX 8 i 8% 32 AP 2R A HOGIR =
etk T, UL Ml XA 1B il % S8 28 LA KM AR
T2, BRIl X ) TR il % S8 P S L B SRURT 2 A A
F o RHRHABA H JETE 2 T i i BB 720 oK
22 Ak YESCHRRE , 666 m> LA A= B 1 vp
ERBEAI TR M N 15.6~37.3 kg™ i H OB IR
2 i 666 m® Y &R B 97 43 7 R & 30. 7~ 80. 2
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TR R AE A 2, Ll 43 R 25 s b X1
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2R A N8 138 B FEAREAEA 5T X 45830 5 A4S
segy o B (>0.80), B (0.61~ 0.80), 2
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R IR db b X ) £ LE A N0 T F8 EOF I (E Ry
0.5, B0 HIENE 7 )E T 45 SR 25. 2% 1 - 1 2%
HIEFHEBART 0.4, B0 HIELE AN 1 22, K 4845
S S 4t S T S BA DG X AR g ) = PR A R
Tl AL D O R R, A
[F) 1t DX 11 = HEAE 77 B il PR -9 AN AR ], 9 22 A
FIBREIR F 8 + 3 pH ( H ML IR ™ ) , %M
FIE 2295 - 10 77 B ) R S A B ( s i AL R
2 ERIR A T BRI R A PL (AL
FEw ) o B UL, A Uk 2 Rt g S 327 XN e D
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