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Assessment of soil fertility of tobacco-planting regions in central Henan

based on principal component analysis
Xu Peiyao', Ding Yanfang', Hu Jingyan', Zhao Lingling’, Zhao Jing', Wang Haitao"
(1 Tobacco Research Institute, Henan Academy of Agricultural Sciences, Xuchang 461000, Henan China;
2 Henan Luohe Tobacco Company, Luohe 462300, Henan China)

Abstract To investigate the nutrient characteristics and fertility of tobacco-planting soils in central Henan, a total of 231
typical surface soil samples (0-20 em depth) were collected from tobacco fields in Xuchang City (Xiangcheng, Jian’an,
Yuzhou) , Pingdingshan City (Baofeng, Ruzhou, Yexian), and Luohe City (Linying, Wuyang, urban area) for testing.
Principal component analysis and cluster analysis were employed to analyze the nutrient characteristics and comprehensive
fertility of the soil samples. The results showed that the tobacco-planting soils in central Henan were weakly alkaline.
Among the soil nutrients, the contents of organic matter, alkali-hydrolyzable nitrogen, and available phosphorus were at a
medium level, the content of available potassium was relatively sufficient, while the content of water-soluble chloride ions
was relatively high. Principal component analysis results indicated that the overall fertility of the tobacco-planting soils was
at a medium-to-low level. The ranking of the Comprehensive Fertility Index (IFI) of soils in each city was as follows:
Pingdingshan (0.24) >Luohe (0.21) >Xuchang ( —0.31). Cluster analysis classified the aforementioned tobacco-planting
soils into four categories: Category I : Soil pH was near neutral, with relatively high contents of alkali-hydrolyzable
nitrogen and available phosphorus, and slightly high content of water-soluble chloride ions; Category Il : Soil was weakly
alkaline, with relatively high levels of both soil nutrients and chloride ions; Category Ill : Soil had a relatively high pH
value and a low content of alkali-hydrolyzable nitrogen; Category IV : Soil had low contents of both available potassium and
water-soluble chloride ions.
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Fig. 1  Distribution map of sampling points in central Henan tobacco area
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Tab. 1

Evaluation standard of main nutrient grade of

tobacco planting soil in central Henan

D LAR®m)  2(8)  30h4)  4(fK) SRR
pH >75  >7.0~75 >55~7.0 5.0~55 <5
AU/ (g kg")  >40 >30~40  >10~30  6~10 <6

WA/ (mg-kg™)  >150  >120~150 >60~120 30~60 <30
AR/ (mg-kg™")  >40 >20~40  >10~20 5~10 <5
B/ (mg-kg')  >200.0 >150~200 >100~150 50~100 <50
KM EET

/(mg-kg™")

pH{E K 5.5~6.5, BS54 Ak AR K AR
22 25 v 0, P R - 38 pH RS TR Ry 5.1 1~

>45 >30~45  >20~30 10~20 <10

8.85, ¥J{H H 7.66, 7% 73 R EH 10.86% , ix £ W]
HIX 4 58 pH (B4 A KB 4R, HAT 68.83% 11
BE S pHAE K T 7.5; WIS ok E, =17 138 pH
EI7E 7.0 L b BARHER S 70 B >R W > T,
AP T0E Ly it EL R 55 B A 2406 /N F 7.0, 49 51 R
5.94.6.89, T 43 3 AF B ik A 1Y) S R M Y L
212 BIEAWR AR

B HLT R R T ) LA A
IR B R ) 3 b 2F M T RAE ) K-, i
SR M R I P 7 SO A AT 2 T X A L
AR 20,0 gkg !, HH12L 10.0~20.0 gtkg !

F2 BTN pH (B i AR S

Tab. 2  Descriptive statistics of pH value content of tobacco planting soil in central Henan

- v - ) N SIS TV R A3 AT AR %6

izt Hu X FE A gl Yila«brifize 5 R2EU% e Yy Sy gy

M 36 6.47~8.64  7.91+0.51b 6.44 83.33 5.56 11.11 — —

-2 14 5.16~7.26  5.94x0.64e 10.69 — 7.14 57.14 35.71 —

SETL .

FF 18 6.00~7.98  7.39£0.55¢ 7.47 55.56 2222 2222 — —

¥ifE 68* 5.16~8.64  7.37+0.94 12.71 58.82 10.29 23.53 7.35 —

I 50 18 8.15~8.78  8.52+0.18a 2.06 100.00 — — — —

s PEBH 23 5.72~8.01  6.8920.63d 9.09 17.39 26.09 56.52 — —

pH i X 24 6.12~8.85  7.82+0.81b 10.32 70.83 8.33 20.83 — —

¥ 65* 5.72~8.85  7.68+0.9 11.69 60.00 12.31 27.69 — —

jEiSS 26 7.70~8.36  8.15+0.14b 1.74 100.00 — — — —

v | 36 5.11~8.28 8.04+0.52b 6.49 94.44 2.78 — 2.78 —

a Ei3 36 530~820  7.44+0.75c 10.11 55.56 25.00 16.67 2.78 —

¥ifE 98 5.11~836  7.85+0.64 8.13 81.63 10.20 6.12 2.04 —

Boh 231% 5.11~8.85  7.66+0.83 10.86 68.83 10.82 17.32 3.03 —

LSRR 1 G AV ST O e N
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Tab.3 Descriptive statistics of organic matter and alkali-hydrolyzable nitrogen content in tobacco planting soil in central Henan

e v - " . 2 ST VA s I I )
=t Hi X FEREL AF T PR AR RE% RE) 28 301%) a0 SR
bl 36 3.95~35.46 18.806.73h 35.77 — 5.56 86.11 — 8.33
=1 14 9.05~25.16  16.70+4.70bc 28.18 — — 92.86 7.14 —
ST
FF 18 14.80~25.90  19.26+3.33b 17.29 — — 100.00 — —
IE 68% 3.95~35.46 18.49+5.62 30.41 — 2.94 91.18 1.47 4.41
I 50 18 14.18~23.63  19.36+2.92b 15.08 — — 100.00 — —
GHUR AR S BH 23 10.00~24.40  18.77+3.95h 21.06 — — 100.00 — —
IR IX 24 13.51~33.57  22.755.72a 25.13 — 16.67 83.33 — —
/(g-kg") y .
I 65% 10.00~33.57 20.40+4.77 23.36 — 6.15 93.85 — —
JEiS7e 26 9.57~21.30 15.54+2.86¢ 18.42 — — 96.15 3.85 —
o A 36 8.90~22.30 15.27+3.13¢ 20.48 — — 91.67 8.33 —
VP 2 36 12.63~34.17  19.00+4.29h 22.61 — 2.78 97.22 — —
BIE 98 8.90~34.17 16.71+3.92 23.46 — 1.02 94.90 4.08 —
%oh 231 3.95~35.46 18.27+4.93 27.01 — 3.03 93.51 2.16 1.30
T 36 19.27~147.94  92.34+31.69abc 34.31 — 16.67 69.44 8.33 5.56
T [N 14 56.42~177.53 107.83+36.07a 33.45 14.29 28.57 50.00 7.14 —
FiE 18 44.09~362.62 105.70268.19a 64.51 5.56 11.11 7222 1111 —
i N 68*%  19.27~362.62  99.07+44.82 45.24 441 17.65 66.18 8.82 2.94
I 50 18 17.89~43.67  32.75+8.04d 24.56 — — — 61.11 38.89
WRESE 2 %KH 23 33.03~143.12  96.76+22.92ab 23.69 — 8.70 82.61 8.70 —
B BEIX 24 30.96~196.79  73.37+41.13c¢ 56.05 8.33 — 4583 4583 —
Hmg-kg) I 65*  17.89~19679  70.4038.18 5423 308 308 4615 3692 1077
JEiss 26 75.00~136.24 105.62%15.51a 14.68 — 15.38 84.62 — —
U P 36 23.39~79.82  42.62+11.77d 27.62 — — 556 75.00 19.44
i FEI 36 40.60~173.40  80.01+25.37he 31.71 2.78 — 7222 25.00 —
PIfE 98%  23.39~173.40  73.0731.47 43.06 1.02 4.08 51.02  36.73 7.14
B 231%  17.89~362.62  79.97+39.53 49.43 2.60 7.79 5411  28.57 6.93

T A B AR A BT

2.1.3 RIEAAEE AT FORERR BT

BEE ARG AR S BRIR R L H
TR SO LA TR T R A K
BEER FEORIE T A R 5 5N AR . i
FATTHN B M AR i Dy 3.24~
117.29 mg-kg ', FH4(H K 21.44 mg-kg ', & 25 AL IR
FERGR 78 5 R ABK 64.60% ; BEAK KT, + A 500
B i A EA R KT, ELAS i XOP 38 e HE e
B> F T >TFE T, 206 12.55% 4R

FH A A7 7 Sl 155 B0 5 DAL ORBE 437, AR TR B X
A A A A B AR IR O, o i B R R
AR S R B K, 15515 70.04%.

B SRR MR R KA B W A RN RS Y 75
JCER , Ho i E R AR B R R
PRI - S R A s S i e AR 2R KR T A B
SO R 2 4 85 , T4 AR A S o Y
}49.00~704.57 mg-kg ', -3 55k 197.74 mg ke,
A5 5 R BN 39.88% , & W - HEH Ak B A B A 43K
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Tab.4  Descriptive statistics of available phosphorus, available potassium and water-soluble chloride ion content in tobacco planting soil in central Henan
~ . v - e . 3 M3 AT 1%
ity Hi X FE AL AE R PiHsbriizs TR RN% ) 20 30hE) 2 SGRID
T 36 5.20~90.40  20.54+13.47bc 65.58 2.78 36.11 55.56 5.56 —
et (=3 14 11.40~61.00  28.54x15.06ab 52.76 28.57 28.57  42.86 — —
F+ 18 13.80~52.80  22.6429.66bc 42.68 5.56 3333 61.11 — —
¥l 68 5.20~90.40 22.75+13.12 57.68 8.82 33.82  54.41 2.94 —
I 5t 18 9.72~29.59 16.52+5.71¢ 34.54 — 2222 7222 5.56 —
P %&Iﬁq 23 4.00~40.20 23.7+10.05bc 42.39 435 6522  21.74 435 435
1 WX 24 13.39~117.29  35.15+21.14a 60.15 29.17 5417  16.67 — —
mg-ke ) ¥ 65 4.00~117.29 25.94+16.2 62.46 12.31 4923 3385 3.08 1.54
JE 26 4.54~41.04 15.29+9.39¢ 61.45 3.85 1923 5000  19.23 7.69
- N 36 5.88~51.55 16.34+9.34¢ 57.12 278 25.00 4722 25.00 —
a K 36 3.24~70.63  20.40+14.29bc¢ 70.04 8.33 3333 36.11 16.67 5.56
¥l 98 3.24~70.63 17.55+11.52 65.65 5.10 26.53  43.88 2041 4.08
B 231 3.24~117.29 21.44+13.85 64.60 8.23 3506  44.16 1039 2.16
gl 36 97.90~428.62  241.31+72.88a 30.20 75.00 19.44 2.78 2.78 —
et (=3 14 108.81~328.31 182.38+70.01bc 38.39 28.57 28.57  42.86 — —
EEH 18 109.70~455.18 237.73+108.49a 45.64 50.00 2222 2778 — —
¥l 68 97.90~455.18  228.23+85.25 37.35 58.82 2206  17.65 1.47 —
I 51 18 133.78~313.27 221.64+43.16ab 19.47 66.67 27.78 5.56 — —
T puT—— %ISEI 23 104.10~331.30  176.67+51.89c¢ 29.37 30.43 3478 34.78 — —
1 WX 24 155.72~340.53  235.50+49.09a 20.84 83.33 16.67 — — —
(me-ke) ¥IfE 65 104.10~340.53  210.84+54.47 25.83 60.00 26.15  13.85 — —
S 26 118.06~308.86 187.33+51.73hc 27.61 23.08 46.15  30.77 — —
v &M 36 49.00~231.00  117.64+37.23d 31.65 5.56 556 5278  33.33 278
. Eo3 36 94.90~704.57 204.12+96.84ahc 47.44 4722 3056 19.44 278 —
¥IfE 98 49.00~704.57  167.90+78.10 46.52 25.51 2551 3469 1327 1.02
B 231 49.00~704.57  197.74+78.85 39.88 45.02 24.68  23.81 6.06 0.43
gl 36 11.70~225.15  41.56+38.91bc 93.61 16.67 38.89 2222 2222 —
. [ P50 14 22.80~121.70  51.10+28.37b 55.53 42.86 28.57 2857 — —
T EFE 18 19.75~146.05  69.20+36.38a 52.58 77.78 556 1111 5.56 —
¥IfE 68 11.70~225.15  50.84+37.68 74.11 38.24 27.94 2059  13.24 —
I 5 18 6.40~40.20  23.03+8.69cde 37.74 — 2222 3889 3333 5.56
TR . HEIH 23 3.10~66.80  30.27+14.57cd 48.12 17.39 3043 39.13 4.35 8.70
Ao e BRIX 24 13.20~251.00  74.27+61.64a 82.99 70.83 8.33 833 1250
/(mg-kg™") ¥IfE 65 3.10~251.00 44.51+44.64 100.30 32.31 20.00  27.69 1538 4.62
S 26 9.45~41.50 19.88+8.36de 42.03 — 1538 1923  61.54 3.85
e M 36 1.10~23.69 7.60+6.39¢ 84.18 — — 278 2778  69.44
a o3 36 11.50~93.90  33.19+21.46bcd 64.64 16.67 16.67 3889  27.78 —
¥IfE 98 1.10~93.90 20.26+17.9 88.37 6.12 1020 2041 3673  26.53
B 231 1.10~251.00 36.08+35.98 99.71 22.94 18.18 2251 23.81 12.55
2 BORH DG o G bm o, SR A58 5 3k rh S5 KPR FoEBHAERKLTFNEFRITTRZ — HEHEE

7 b6 23.819% , 35 7F & K F-H 00 H 315 69.70% , o
Fr Bt 200 mg-ke 9 39 17 45.02% , X UL
AR - R AR e A A AL T A e KO, A
X3 i HE T R TR SR>V B e 3
B4 P TIT S 0L 19 e~ 8 3 sk 5 e A )
I, S 3 Ao o A P g it S v i —
A v B IER 2 A R A K oK

JE—M S EAEY . AL X R A — B
o, 1 R RS R RO N R B R
PEAS 22, SRS . — MRy 1B S R i SR S R TR
0.3~0.8 mg-kg ' I it BB UF , P oK PR S8 1%
H/NTF30.0 mg-kg M E R4 R B A4
KM F & L R 1.10~251.00 mg-kg',
Y8 oh 36.08 mg-ke ', B RN 99.71% , X KB
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NI =R R AR e i S G
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Fig. 2 Correlation heat map of various nutrient indexes of tobacco

planting soil
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PR CF SCRIR B SO R 1.2.3.4.5.6 3278 ) , &)
FITR AR AR AT IS 0T I B A

BAT RRAE A 7 22 BTk R B Ry 22 Tk 3 (I
F25.366). L STAL KMO K540 1 1-5>0.5, HELER
FIRFERIE FE 4G 16 ik 28 <005 , 3¢ IH T i $5 08 3 A5 o
T EA 5T . h R 6 W UL HiF 44 o1 R 2=
TTHRIE 85.382%(>80% ) , Ui A3 i T i 44~
53, CLREAS S AR X A T A F L

%5 KMO RIEVEFIF K

Tab. 5 Kaiser-Meyer-Olkin measure and Bartlett's test

KMO RS VI R4 0.647

L5 R AR B RS 56 IR TT 286.043
H 15
M 0

6 4TS HRFE (A SR

Tab. 6  Eigenvalue and contribution rate of each principal component

ERLY FHIEAE TR/ BB %
1 2.505 41.749 41.749
2 1.122 18.702 60.451
3 0.817 13.611 74.062
4 0.679 11.320 85.382
5 0.540 8.995 94.377
6 0.337 5.623 100.000

H2 7 AR 8 AT : 5 — 40 I T Bk 2 Ry
41.749% , it 0 A AL RN R 3 AN HE AR IH A
ZE M R E AR A T s sTEk R
18.702% , pH {EL FEE SCBH 2 > 48 bm IR 7 1% £ 47
ke AR A A TR 13.611% , A 4K
B TG 28 2 AR AR AR 2 e AR 5 2R
DY 3 8 B BTR AN 11.32% , K IR MR B T 2% &
BB B S b BT 4 TS E 4
PC,.PC, .PC,Fl PC, 37 , i & [l F 314545 21 32 5l o
1957 ZEBUERE , HAS I R ER RN -

PC, =-0.276X, + 0.462X, + 0.454X, +

0.430X, + 0.392X, + 0.406X,, ()

PC, = 0.750X, + 0305X, - 0071X, +
0.520X, - 0.215X, — 0.093X,,

PC, = 0.045X, - 0.089X, + 0.480X, = _,
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Tab. 7 Feature vectors of each index in the first four principal

components
) AT i
TR . . — .
TR ERS2 ERGE3 ESr4

pH1H -0.276 0.759 0.045 0.284
FHHL 0.462 0.305 -0.089 0.024
R A 0.454 -0.071 0.480 -0.481
B 0.430 0.520 -0.164 -0.262
A 3 0.392 -0.215 -0.720 0.237
KA T 0.406 -0.093 0.462 0.751
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Tab. 8 Evaluation table of soil fertility in tobacco planting areas of central Henan
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I 50 18 -0.74~0.11 -0.28d — 16.67 83.33 —
. $EIH 23 -0.89~0.61 0.02cd — — 65.22 34.78 —
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B 231 -1.17~4.63 0.00 1.30 6.06 36.80 54.11 1.73
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0.262X, + 0.237X, + 0.751X,,
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Fig. 3 Spatial distribution map of comprehensive evaluation of soil fertility
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Fig. 4 Pedigree diagram of cluster analysis of 9 counties
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Tab.9  Soil nutrient content in various areas

X5 pHIH AHURE R/ (g kg') WA T E/ (mg-kg') AREES R/ (mg kg ) M EE/(mg kg ) KIFHEE TR/ (ng kg ")

1% 710 17.50 97.56 21.98 187.63 33.61
n% 7.7 2027 90.47 26.11 238.18 61.68
Mm% 852 19.36 3275 16.52 221.64 23.03
V3 804 1527 42.62 16.34 117.64 7.60
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