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Comprehensive evaluation of vineyards soil fertility in the eastern foothills
of Helan Mountain based on the minimum data set

ZHU Juanjuan"? ,MA Haijun'? LI Min"? Ni Zhijing'*,Liu Yaqin'*>, Wang Wei'>
(1. College of Biological Science and Engineering ,North Minzu University , Yinchuan, Ningxia 750021, China;
2 Ningxia Grape & Wine Innovation Center ,Yinchuan, Ningxia 750021, China)

Abstract ; Soil fertility assessment of vineyards in the eastern foothills of Helan Mountain was performed using
the minimum data set (MDS) established by Principal Component Analysis (PCA) and soil fertility index ( SFI)
calculated with PCA and fuzzy mathematics. The investigated zone included the grape production regions of
Luhuatai of Yinchuan, Ganchengzi of Qingtongxia, and Huangyangtan of Yongning. Sixteen soil physic-chemical in-
dicators were measured including organic matter, humus, fulvic acid, humic acid, humin, available potassium
(K), alkaline hydrolyzable-nitrogen (N) , available phosphorus (P ), pH values, total calcium (Ca) , exchangea-
ble Ca, total copper (Cu), available Cu, total boron (B) , available B, and selenium (Se). Results showed that
soil available P was the severe variation parameter; alkaline hydrolyzable-N, available K, available Cu, exchange-
able Ca, humic acid, fulvic acid, humus, Se, available B, organic matter, humin, total Ca, total B, and total Cu

were the intermediate variations parameters; and pH value was least variation parameter. The content of soil organic

I #5 B #7:2019-08-03 &8 B #§:2020-02-19

EEWMA . THRHEERFEMRIE (NGY2016158) ;T 5 HAAI AT H (2018AAC03104) ; It R K2 A A 514k sh & 410 H
PEE B ARIAIR (1981-) 2o, TEBEAEA WA, YR, #5807 0] @ ARG 5RkiG . E-mail :7jj0954@ 163.com

BIEEE  BE(1974-) 5 BIEER, FENFMAHIT HEREPS . E-mail: mahaijun2007@ 126.com



%3 ARIFUAAE 3 T fn/ MR AR 1B 22 LA RE A 7 el SR E T 9 173

matter, humin, available B and available P in Luhuatai of Yinchuan were higher by 53.7%, 20.3%, 17.2%,
334.8%, 44.4%, 19.9%, 13.8%, and 15.4% than those in Ganchengzi of Qingtongxia and Huangyangtan of
Yongning, respectively. The content of humus, fulvic acid, humic acid, alkaline hydrolyzable—N, available K, to-
tal Ca, exchangeable Ca, total Cu and available Cu in Huangyangtan of Yongning were higher by 13.1%, 6.1%,
9.9%, 59%, 25.8%, 4.5%, 63.7%, 36.1%, 30.6%, and 31.9%, 25.5%, 45.4%, 77.7%, 30.8%, 10.9%,
59.3%, 28.6%, 79.3% than those in Luhuatai of Yinchuan and Ganchengzi of Qingtongxia, respectively, while the
soil pH value was lower by 4.28% and 4.95%, respectively. The content of total B in Ganchengzi of Qingtongxia
was higher by 12.6% and 14.4% than that in Luhuatai of Yinchuan and Huangyangtan of Yongning, respectively.
Through principal component analysis, the minimum data set was organic matter, pH value, available P, total B
and available B for soil fertility evaluation of vineyards in the eastern foothills of Helan Mountain. Comprehensive e-
valuation showed that SFT of Luhuatai of Yinchuan was 0.543 being classified as medium fertility, SFI of Gancheng-
zi of Qingtongxia and Huangyangtan of Yongning were 0.343 and 0.460, respectively, being classified as low fertili-
ty. According to analysis of correlation, SFI-TDS values were positively correlated with SFI-MDS values and the
correlation coefficient reached to 0.914. Therefore, the minimum data set can be used to evaluate the soil fertility of
vineyards in the eastern foothills of Helan Mountain in Ningxia instead of whole data set.

Keywords: vineyards; soil fertility; PCA; the minimum data set; the eastern foothills of Helan Mountain
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Table 1  Descriptive statistical analysis of soil fertility indexes in vineyardsof the eastern foothills of Helan Mountain in Ningxia
T pum AR AR itg. it WA B B
éﬁi+% UL Al JUL B R R\ PP IR AW
D i Organic matter Humus Fulvic acid Humic acid Humin Alkaline N Available K Available P
escriptive _ _ , _ _ _ _ _
e letke) /(gekg) /(s ok J(gekg) /(ge kg) /(mgkg!) /(mgeke) /(mge ke
*&/J\{E 4.02 0.581 0.223 0.301 1.14 6.44 47.5 0.2
Minimum
*}lj{@ﬁ‘ 13.74 4.17 2.87 1.73 3.98 70.8 320.7 476
Maximum
2% Rang 9.71 3.59 2.64 1.42 2.84 64.4 273.2 474
YJ{H Mean 8.38 1.72 0.973 0.784 2.07 24 100.7 28.4
brif2E
Standard 2.55 0.626 0.381 0.31 0.571 13.4 49.1 76.1
deviation
*EX\JI*.&Z&:/% 1.16 2.1 2.72 1.82 1.37 2.68 2.71 16.8
Relative rang
s "
X%?‘;}&/% 30.4 36.5 39.1 39.5 27.6 55.9 48.7 268.6
Ny - N N A
e S 2 St 24 i o A i
TebT P Total Ca Exchange Ca Total Cu Available Cu Total B Available B Selenium
Descriptive pH values 1 1 1 _ -1 -1 1
o /(g+ kg~ ) /(emol-kg™) /(mg-kg) /(mg- kg ) /(mg-kg) /(mg- kg™ ) /(mg-kg )
statistics
1{&/]\{3 7.84 20.7 1.96 10.2 0.347 12.4 0.25 0.062
Minimum
ﬁij{ﬁ 9.1 87.4 11.7 27.3 2.27 57.9 1.00 0.53
Maximum
2= Rang 1.26 66.7 9.72 17.11 1.92 45.6 0.75 0.468
YJ{H Mean 8.29 57.4 4.28 15.9 1.08 44.9 0.547 0.242
PrifE2E
Standard 0.352 13.4 1.76 3.00 0.499 7.3 0.178 0.088
deviation
ﬂﬂ)ﬁfﬁé/% 0.152 1.16 2.27 1.07 1.78 1.01 1.37 1.93
Relative rang
L ZE
LIRFBUS 45 23.4 41.1 18.7 46.2 163 325 36.2

(9%
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Table 2  Vertical distribution of soil organic matter in different vineyards in Helan Mountain of Ningxia
+Z/cm FEIX FHOLB/ (g-kg) B/ (g- k') WHEMR/(g-kg™') W/ (g-kg') WEE/(g- kg")
Soil layer Planting region Organic matter Humus Fulvic acid Humic acid Humin
FiAEE Lubuatai 12.1+£0.228a 2.45+0.060a 1.29+0.029a 1.07+0.036a 2.74+0.094a
0~20 H¥%F Ganchengzi 8.3+0.327¢ 1.93+0.092b 1.00+0.041b 0.94+0.060a 1.99+0.066b
5 2% Huangyangtan 10.2+0.253h 2.71£0.379a 1.52+0.355a 1.19+£0.042a 2.22+0.151b
PAEE Luhuatai 11.4+0.458a 2.22+0.214a 1.04+0.201ab 1.00+0.076a 2.97+0.074a
20~40 HIRTF Ganchengzi 6.8+0.250¢ 1.46+0.084b 0.88+0.130b 0.58+0.086b 1.75+0.062b
e Huangyangtan 9.7+0.827b 2.54+0.420a 1.35+£0.342a 1.19+£0.091a 2.41+0.111ab
FiAE S Lubuatai 9.7+0.852a 1.51+£0.180a 1.00+£0.072a 0.75+0.080a 2.63+0.203a
40~60 H¥kF Ganchengzi 7.5+1.422b 1.68+0.332a 0.95+£0.213a 0.73+£0.121a 1.76+0.217b
#EME Huangyangtan 8.2+0.583a 1.73+£0.092a 0.90+0.039a 0.827+0.068a 2.21+0.261ab
FiIEE Luhuatai 8.6+0.335a 1.19+0.216a 0.83+0.175a 0.55£0.049a 1.94+0.217a
60~ 80 H¥kF Ganchengzi 4.5+0.498b 0.79+0.204a 0.40+0.177b 0.39+0.027a 1.52+0.109a
M Huangyangtan 6.8+0.175ab 1.36+0.123a 0.70+0.096ab 0.66+0.039a 1.65+0.112a
FiiEH Luhuatai 8.0+0.286a 1.04+£0.13%a 0.82+0.061a 0.60+0.028ab 2.04+0.094a
80~100 HILF Ganchengzi 5.3+0.199b 1.35+£0.391a 0.98+0.343a 0.36+0.049h 1.51£0.373a
T8 2% Huangyangtan 7.2+£0.590a 1.32+0.115a 0.71+£0.070a 0.61+0.065a 1.63+£0.137a

T AN ) PR FOR AR AR A R — 2 JE AR 7 DX A7 A 22 53 25 1 (P<0.05) , T Tl

Note; Different letters indicate that the same index has significant difference among different production areas under the same soil layer. The same below.
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Table 3 Vertical distribution of soil acidity and microelements in different vineyards in Helan Mountain of Ningxia

+J7/em JFEIX pH K TR A/ (mg - kg™') AU/ (mg - kg™')  HABE/ (g kg!)
Soil layer Planting region pH values Alkaline N Available K Available P
P AEA Luhuatai 8.5+0.040b 36.2+2.012a 137.1£5.98ab 97.5+21.26a
0~20 HIT Ganchengzi 8.8+0.037a 23.2£2.560b 113.429.17h 19.8+5.58b
2 ME Huangyangtan 8.1+0.091¢ 38.4+2.191a 172.5+12.03a 84.9+16.26a
P 4E4 Luhuatai 8.4+0.069a 34.6+2.522a 121.5+11.33ab 61.9+9.07a
20~40 HIKT Ganchengzi 8.4+0.076a 15.8+2.034b 105.2£6.43b 17.4%6.73b
5 EME Huangyangtan 8.0+0.086a 36.7+3.900a 152.9+£16.23a 53.9+16.62a
P64 Luhuatai 8.4+0.053a 23.8+3.204a 105.0£24.22a 20.0+4.17a
40~ 60 HIF Ganchengzi 8.4+0.062a 21.4+5.734a 106.4+17.90a 6.4+3.22b
# M Huangyangtan 8.120.063a 25.2+1.804a 132.1£33.97a 17.4%5.11a
Fi#E6 Luhuatai 8.420.031a 20.9+3.484a 48.1+10.28a 13.5+2.33a
60~80 HT Ganchengzi 8.5+0.160a 6.40.125b 54.7+7.20a 1.5+0.60b
5 FEME Huangyangtan 8.0£0.017a 17.6+2.543a 61.1+6.38a 8.3x2.44a
PAEE Luhuatai 8.4+0.075a 16.7+1.134ab 48.6+£6.79a 10.6+1.52a
80~ 100 HIF Ganchengzi 8.3+0.030a 12.0+5.600b 63.0£13.25a 1.7+1.48b
# M Huangyangtan 8.1+0.044a 22.1£2.597a 60.5+7.32a 11.9+3.18a
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Table 6 Rotated principal component matrix of each soil indicator

" _ F RS i (B E
) it&ﬂBj}}Eﬁ\ Principal compo(nent Variz)ible
Soil nutrient indicator
1 2 3 4
AP Organic matter 0.895 0.281 0.047  -0.007
JEFE T Humus 0.834  0.332 -0.339  0.102
B Fulvic acid (FA) 0.733  0.233 -0.345  0.192
11452 Humic acid (HA) 0.786  0.385 -0.263 -0.030
2 Humin (HM) 0.773  0.223  0.093  0.060
pH {8 pH values -0.371 0.826  0.080  0.268
Hif# % Alkaline N 0.842  0.170 -0.038 -0.284
BALA Available K 0.607  0.248 -0.231 0.076
WA Available P 0.542  0.122  0.330 -0.596
245 Total Ca 0.417 -0.757 -0.053 0.057
LA, Exchange Ca 0.169 -0.781 -0.434 -0.232
424l Total Cu 0.764 -0.459 -0.069  0.085
A5 Available Cu 0.879 -0.142  0.141 0.173
4T Total B 0.393 -0.330 0.498  0.464
AW Available B 0.725 0.123  0.475 -0.258
fifi Selenium 0.725 -0.363  0.186  0.243
T HFHIFE Eigenvalues  7.524  2.899  1.209  1.000
ERIFFRA % 47.02 1812 756 6.5
Variance explained
RRBTHRR %

. . . . 47.02  65.14  72.70 78.95
Cumulative variance explained

®7 ETEMIEHERBEEMRD
BEEARFHERNE
Table 7 The common factor variance and weight based on

the total data set and the minimum data set

EEE T/ NVEE AR
T S ¥E bR Total data sets Minimum data sets
Soil fertilizer AT NHT
indicator Common factor "~ Common factor $XE
variance Weights variance Weights

F LI Organic matter 0.883 0.070 0.762 0.217
JEFE T Humus 0.931 0.074
B W Fulvic acid 0.746 0.059
42 Humic acid 0.836 0.066
BAfL# Humin 0.660 0.052

pH {H pH value 0.898 0.071 0.690 0.197

WA

Alkaline N 0.821 0.065
HALH Available K 0.489 0.039

R Available P 0.772 0.061 0.625 0.178
445 Total Ca 0.753 0.060
ZARZSHG Exchange Ca 0881 0.070
2 Total Cu 0.807 0.064
B35 Available Cu 0.843 0.067

41 Total B 0.727 0.058 0.617 0.176

FHEH Available B 0.833 0.066 0.818 0.233
fifi Selenium 0.751 0.059
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Fig.1 Soil fertility index (SFI) values constructed by using
minimum data set index (MDS), and total data set index
(TDS) in different producing areas in the eastern
foothill of Helan Mountain
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Fig.2 The linear correlation between SFI-TDS and SFI-MDS
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