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pH Changes in Different Typeﬂs of Burple Soﬂs in SouthwestChlna

zHKNc Haitl', }HANG Y WANG Ding', XIB Jun'| ;.HANG_ ;’_ , ZHANG Yu-ting"?, WANG Jie" | SHI Xiao-| —jun'?
(1. Colloge ﬁf'ﬂesources and Environmental Science, Southwest Unnelsmﬂ—q?ﬁongqmg 400715, China; 2. National Monitoring Station of Soil Fertility and Fertilizer Efficiency on
Purple St_):js, Chongqing 400716, China)

Abstract: The advantages of fertilization in increasing crop yield have been widely recognized, but the long-term effect and mechanism of fertilization on heavy metal accumulation

and potential ecological risks in different types of purple soil in Southwest China remain unclear. In this study, we conducted a long-term positioning experiment of maize-cahbage
rotation for 13 consecutive years. Four treatments, namely, chemical fertilizer application (NPK) , organic fertilizer application (M), organic-inorganic combination application
(NPKM) , and control without fertilizer application (CK), of acidic, neutral, and calcareous purple soil, were established. The soil physicochemical indicators and the total amount
of heavy metals in the topsoil of each treatment, including Cu, Zn, Cd, Ni, Ph, and Cr, were measured. The Nemero comprehensive pollution index (P,) and potential ecological
risk index (RI) were separately calculated by using the single-factor pollution index (P,). The characteristics and ecological risks of soil heavy metal pollution after long-term
fertilization were evaluated. Furthermore, the relationship between soil physicochemical index variables, comprehensive pollution index of heavy metals, and potential ecological
risks were analyzed through the partial least squares path model (PLS-PM). The results showed that the physicochemical indexes of soil and the total amount of heavy metals were
significantly different under different application treatments and soil types (P < 0.05) , and the effect of the application treatment was significantly higher than that of soil type.
Compared to that in the NPK treatment, the average increase in soil organic carbon (SOC), available potassium (AK), and available phosphorus (AP) content in the NPKM and M
treatments was 62. 53%-236. 07%, 105%-505.71%, and 444.92%-1 269.95%, respectively. Each application treatment significantly changed the pH of acidic and neutral purple
soil, with a significant decrease of 1. 58 and 1. 87 under the NPK treatment and an average increase of 0. 61-1. 70 under the NPKM and M treatments. After long-term fertilization
the total amount of heavy metals in the three different types of purple soil increased. The average increase in the total amount of heavy metals under the NPKM and M treatments
(93.63% and 96.39%) was higher than that under the NPK treatment (51.79%). After long-term application of organic fertilizer, the Py was higher, with the highest P, under the M
treatment of calcareous purple soil, reaching a moderate hazard level. Moreover, the RI of each treatment in acidic and neutral purple soil was higher than that in calcareous purple
soil, and the pollution level and ecological risk of the heavy metals Cd and Pb were higher. The redundancy analysis of physical and chemical factors, Py, and RI showed that AP,
ApH (relative to the initial soil pH change) , and NO, -N explained 57.7%, 11.2%, and 9.7% of the variance variation, reaching a significant level. The PLS-PM analysis results

showed that long-term fertilization increased the accumulation of heavy metals by increasing soil AP and exacerbating pH changes, leading to potential ecological risks. The results
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can provide a theoretical hasis for nutrient management and heavy metal pollution prevention in arable land with purple soil.

Key words: different types of purple soil; pH variation; soil heavy metal pollution; ecological risk; partial least squares path model(PLS-PM)
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Table 1 Undisturbed soil basic chemical properties

Eisgn i k4 4515+

pH 5.81+0.12 6.82+0.15 8.35+0.09
(S0C)/g-kg! 10.06+1.45 10.43+0.87 10.73+1.23
(TN)/g kg™ 1.040.09 1.1620.11 0.99+0.09
w(TP)/g kg 0.23+0.10 0.4420.07 0.4320.03
(TK)/g kg™ 18.70+1.87 19.40+1.65 23.40+2.02
w(AHN)/mg-kg™  81.20£8.76  111.01x10.21 78.5+4.32
w(AP)/mg kg™’ 17.30+2.98 18.90+3.08 15.00+2.31
w(AK)/mg-kg™  133.00£21.00  97.01+12.10  126.04+16.10

1) SOC: + 3 A ML ik (soil organic carbon) , TN: 1 HE 4 A (total
nitrogen) , TP: + HE 4w (total phosphorus) , TK: + HE 4 81 (total
potassium) , AHN : 4= 3 i fi# %&( (alkali hydrolyzed nitrogen) , AP 1 1
H % (available phosphorus) , AK : 5645 %4 (available potassium) ,
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Table 3 Potential ecological risk index pollution classification standard
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CK  5.78£0.32Cc  7.90:1.12Ac¢ 9.49+0.37Ab 12.32+2.12Bc 10.63£0.70Bd 79.532.62Cd 70.67£10.97Aa  17.00£10.39Aa  12.33+0.58Cc
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Fig. 2 Total amount of heavy metals in three soil types under different fertilization treatments

6 FlEE 4 )& 4 PCA W 3 /R, A2 4~ F K
oy Il BT R DT 2578 5 (1) 86.6%. K WA [H] it A
fi+HELS R e LA THEA L, NPKM A M
Qb PRAE NPK AL PREF 25 CK i, 5 CK 2 5
E N (E 7 NI e o2 S
PERMANOVA Z5 R £, AW LI E &R 4
I 7E AN [ it B8 7 5XORT A 98 28 A () 3 A7 7E i 2 2

B 2 18] o T W o3 AR

(P <001, B 3), HHERRAGE T X0 R
51k 0.05 F10.80, it AT Jr X 3 o i AR M
T Hgeden.
23 KIWIMEIE T R ZER 6+ + 1 f 4 85 e
R AIE I TR 7R A 25 KU A7

3R (e A A SR TS e Bcn 2 5
R, 6FNEE 4 JE A BN IS YR B0 b Phos E Rk,



4 4] SIS« PR R [ K T 5 pH R Al 4 SR W A A 2 KUK R A 2445
3 PIRTF 1.0, 5945 ke k8 P EETS e NiJG R fi

CK NPK NPKM M
Ac A A A A
Ne ®© e ° ®

]

A
2_Cal ] ] "
1_

fime [ °

=X ]

) []

“© oot = A

~ L]

3] m, 4

(=¥
-1L R

—> |. PERMANOVA:

FIEAT: R2=0.05%*

WMAARTT 3R : R?=0.80%**
1

-3 -2 -1 0 1 2 3
PC1 (73.1%)
wx IR AE 0. 01 K W 58 35 A0 3G e 7R 7E 0. 001
VSR ETE Y PS
B3 FAEEBLETIMIESEEEENERTHW

Fig. 3 Principal component analysis(PCA ) of total
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under different fertilization treatments
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Fig. 4 Potential ecological risk index of soil heavy metals
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