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Responding process of soil pH to the irrigation and fertilization in vadose

DI Long', LIU Xiu-hua®’, HU An-yan™’, XIE Lan-bao®, LIU Guang-hui’
(1. Forestry Industry Development Office of Yulin, Yulin,Shannxi 71900, China; 2.Key Laboratory of Subsurface
Hydrology and Ecological Effect in Arid Region of Ministry of Education Chang’ an University, Xi’ an, Shaanxi 710054, China ;
3.College of Environmental Science and Engineering ,Chang’ an University ,Xi’ an, Shaanxi 710054, China)

Abstract: To reveal the variation of soil pH resulted from irrigation and fertilization and the changes in geo-
chemical conditions in vadose zone ,we conducted a three-year of irrigation and fertilization field test.Using the mo-
nitoring data at different depths of 6 m soil profile before and after irrigation in different seasons,we systematically
analyzed the responding process of the soil pH to irrigation and fertilization. The results showed that the pH had low
variability in all tests (CV=1.01%~2.28% ). Compared with that before irrigation, its mean value and coefficient
of variation (CV) changed responsively after irrigation. Before irrigation,the pH of each measured layer had strong
spatial correlation , after irrigation due to the impact of water, substrate, and their interaction, the spatial correlation
was weakened. The C,/(C,+C) decreased from 7.23 m and 3.54 m (0 d before irrigation) to 3.26 m and 2.76 m
(10 d after irrigation ) , respectively.The pH mainly depended on the soil matrix. With the responding of the soil pH

to the irrigation and fertilization, the geochemical conditions (soil moisture content, soil temperature, soil organic
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matter, redox potertial (RP), etc.), soil matrix, nitrogen concentration ( NH;—N) and their interaction affected
the dynamic characteristics of pH. The moisture content or temperature did not have significant impact to pH, but
their interaction did. The soil nutrients such as C1”, soil organic matter (SOM), NO;-N, NH,-N and space soil
matrix at different depths were the main causes for pH variation. These indicated that irrigation and fertilization
processes changed the geochemical dynamics, soil pH, the interaction of nutrients and soil matrix components lead-
ing to the biogeochemical reaction that controlled the characteristics of pH at each depth. With the change in soil
moisture, NH;—N was adsorbed as molecule or hydrated formand H* was released. This resulted in the decrease in
soil pH on the 4th day after irrigation. With the release of H" in the process of ammonia oxidation, the pH lowered
significantly after the irrigation on the 10th day and 30th day of irrigation. Due to ammonia oxidation process, the
soil nitrate content increased, and its impact on pH enhanced step-by-step after irrigation, the correlation
coefficient increased from 0.24(0 d, P<0.05) to 0.41(30 d, P<0.01). While the influence of NH,; -N on pH
gradually reduced , the correlation coefficient decreased from 0.43(0 d, P<0.01) to 0.19(30 d, P>0.05).

Keywords: vadose zone; soil pH; irrigation & fertilization; variation characteristics; response process
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Table 1  Spatial statistical value of soil pH

wr RO pom owm PRE WARECT L, BRAR
Depth/cm Sample Minimum Maximum Mean Star.lda-lrd Coefficient Kurtosis Coeffl‘(tl(‘“,l’ll ks

number deviation of skewness of variation
10 30 8.26 9.03 8.49 0.194 2.73 10.35 2.28 0.21
20 30 8.01 8.84 8.58 0.156 -1.53 5.53 1.81 0.53
40 30 8.46 8.89 8.66 0.113 0.09 -0.91 1.30 0.79
70 30 8.57 8.88 8.69 0.092 0.44 -0.899 1.06 0.42
100 30 8.55 8.89 8.70 0.094 0.38 -0.91 1.08 0.63
150 30 8.38 8.85 8.69 0.106 -0.73 0.964 1.22 0.92
200 30 8.51 8.90 8.71 0.101 0.15 -0.72 1.16 0.78
250 30 8.56 8.88 8.72 0.096 0.05 -1.10 1.10 0.90
300 30 8.36 8.90 8.68 0.115 -0.61 0.66 1.31 0.90
400 30 8.47 8.85 8.71 0.097 -0.62 -0.25 1.11 0.45
500 30 8.56 9.01 8.80 0.105 -0.38 -0.06 1.19 0.96
600 30 8.62 9.02 8.79 0.088 0.69 0.71 1.01 0.91
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Table 2  Spatial and temporal characters of soil pH before and after the irrigation

HI{H Mean FrifE 2 Standard deviation A5 52 ZH Coefficient of variation/%

BIRE RS R MRS WEHE MRS BIRE WS RS
W /em  HER 4K 10K 30K T iy 4K 10K 30K iy 4 K 10K 30K

Depth Before 4 th day 10 th day 30 th day Before 4 th day 10th day 30 th day Before 4 th day 10 th day 30 th day
irrigation after after after irrigation after after after irrigation after after after

irrigation  irrigation irrigation irrigation  irrigation irrigation irrigation  irrigation irrigation
10 8.46 8.45 8.47 8.58 0.146 0.096 0.164 0.356 1.74 1.14 1.94 4.15
20 8.52 8.59 8.62 8.59 0.221 0.073 0.171 0.137 2.59 0.86 1.98 1.59
40 8.67 8.65 8.67 8.66 0.130 0.124 0.127 0.083 1.50 1.43 1.46 0.96
70 8.69 8.68 8.69 8.68 0.095 0.103 0.109 0.065 1.09 1.19 1.25 0.75
100 8.69 8.68 8.72 8.69 0.105 0.096 0.112 0.065 1.21 1.12 1.28 0.75
150 8.70 8.67 8.70 8.69 0.079 0.161 0.102 0.771 0.91 1.86 1.17 8.88
200 8.72 8.71 8.72 8.67 0.067 0.125 0.121 0.092 0.77 1.44 1.39 1.06
250 8.71 8.72 8.71 8.71 0.088 0.110 0.109 0.097 1.01 1.26 1.25 1.11
300 8.68 8.66 8.70 8.68 0.090 0.151 0.123 0.101 1.04 1.74 1.41 1.16
400 8.70 8.69 8.73 8.72 0.111 0.099 0.100 0.091 1.28 1.14 1.15 1.04
500 8.76 8.81 8.83 8.80 0.126 0.073 0.128 0.094 1.44 0.83 1.45 1.07
600 8.76 8.81 8.80 8.78 0.084 0.102 0.105 0.071 0.96 1.16 1.19 0.81
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Table 3  Spatial-temporal difference of soil pH before

and after the irrigation

HURERE] Sample time/d

TR

R Depth/cm

L 10~20"  40~600"
Before irrigation
MESEER 4 K . .
4 th day after irrigation 10 20~4007500~600
:t‘j o 10 *
B 3% L. 10~20"  40~400" 500~600"
10 th day after irrigation
Vil y L ®
HIR%E 30 X 10~400" 500~600 "

30 th day after irrigation *

.o FoRBEER(P<0.05),

Note: * indicates significant difference( P<0.05).
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Table 4 Related parameters of semivariogram models of soil pH during the irrigation pulse

TER Before irrigation

HEJG %5 10 K 10 th day after irrigation

. WIE pim Y fE %S{E Co/(Cy R Yo AL RIE o P fE %fﬁﬁ Co/(Co B YesE E
epth/cm Model Nugget Sill . ange P Depth/cm Model Nugget Sill ,, Range R?
ode €y C+Cc YO ode C,  Cp+c YO
10 =T GS  0.00001  0.021 0.05 1.42 0.16 10 BRPR SPH 0.0013  0.024 5.21 2.47 0.08
20 Btk SPH 0.00285  0.009  25.01 2.47  0.0001 20 E4CEXP  0.0001  0.104 0.1 11.64 0.58
40 =8 GS  0.00001 0.012 0.08 2.04 0.46 40 Hr GS  0.00132  0.031 4.20 2.58 0.98
70 8 GS  0.00001  0.011 0.09 2.94 0.92 70 Bk SPH 0.00115  0.016 7.28 2.24 0.24

100 = GS
150 T GS
200 =i GS

0.00001  0.011 0.09 2.10 0.44
0.00001  0.007 0.14 1.68 0.75
0.00001  0.009 0.11 2.18 0.99
250 =i GS  0.00202  0.009  23.49 2.11 0.99
300 = GS  0.0021  0.101 2.08 11.73 0.50
400 Bk SPH 0.00106  0.007 14.29 2.47 0.13
500 ¥ GS 0.0001  0.080 0.12 6.84 0.97
600 BRI SPH 0.00185  0.009  21.26 1.17 0.06

100 i GS  0.00001  0.018 0. 06 1.91 0.47
150 ERR SPH 0.00001  0.010 0.1 1.53 0.13
200 ERIR SPH  0.00001  0.017 0.06 1.45 0.08
250 Bk SPH 0.00001  0.014 0. 07 1.49 0.12
300 BRI SPH  0.00001  0.016 0.06 1.51 0.18
400 BRI SPH 0.0004  0.009 4.49 1.42 0.12
500 BRI SPH - 0.0001  0.013 8.33 2.47 0.09
600 ERPR SPH - 0.0001  0.008 1.27 2.47 0.11
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Table 5  Correlation between soil pH and influencing factors

R ERH4R EREI0OK ERH XK

¥
Factor . B'efm.re 4 lb 'day'afler 10 'lh.day' after 30 .th.day. after
rrigation rrigation rrigation rrigation
HCO3 0.065 -0.228" -0.023 -0.220"
Cr- -0.425"" -0.355"" -0.422" " 0.005
So% -0.492" " -0.445" " -0.117 0.094
Na* -0.244" -0.392" " -0.051 0.052
Ca -0.474" "  -0.541"" -0.432" " -0.283" "
Mg** -0.297**  -0.493** -0.075 -0.212*
NH;-N -0.429" " -0.286" " -0.419" " -0.192
Total N -0.481" " -0.372"" -0.531" " -0.339" "
SOM -0.549" "  -0.507" " -0.592" " -0.384" "
NO3-N -0.236" -0.196 -0.461" " -0.410" "
:ifjvj:t/z 0.357" " 0.153 -0.091 0.135
Coﬁifity 0.251" -0.047 -0.234" 0.019
R IR 0.002 0.096 -0.025 -0.028

Soil temperature

T+ FRBEMIE(P<0.05), » * FRR BEH L (P<0.01),
T,
Note: * indicates significant correlation( P<0.05), * * indicate

highly significant correlation( P<0.01) , the same below.

RS R  pH (HA AL Z 2 N E |
HRTHI 24, 38 () 36 0 b BR Ak 2 2% 1R 08 55 0 9 1
R pH (EAMER RN E i LR 5 S
FEGEW A F AR, BT TR RA g pH {E AR
PR g PR 36 K A2 HAE L R

BRI AE 1 HEK S Rt AE R 3 (35 6 H i A IR
) HBERAL RS (K4 R B HEAHLIT RP)
MEFRSr (BASRCU) | s & pH A2k, J7
ZOMTEE LW R | A PLT (SOM) \RP .CI7
X 4358 pH (B A5 M A i 23 (P<0.01) ,NH; -N Xf
+ 4 pH {H I .3 (P<0.05) 5 587K 3 FLiGR
B HEL AN 3 (P>0.05) , BUAMI L R B R* Ny
0.53; 4Z R eI BEAEHRT (6 B ARE)
W RE AP (SOM) (RP  Cl A1+ 3K 5>
XTI EEXT -4 pH {H 152 A A 235 (P<0.01) , &%
BRA L HE K 43 X 4 4 pH {H A R g (P <
0.05) , BMAFHIC R EL R H0.55, R 587K 73 <l
JERZ HAEFIXT pH H B8, KT EM4 H 1
YER, 16 A RER 5 pH (HERKAYZE ST C1(S
=11.42%) , Hok & 3 s [ AR AL R (S =8.81%)
MIRP(S=3.37%) , % &+ YKo x5 B 22 HAE
JG (36 ) BARES ), 5K 4 A+ HE IR B X pH
(B RIS S 43 91 }1.24% . 1.91% , B 15 H.
AR5 R 2.45% , TG BTS2 I 26 T B

BEE K TRk A+ 1452 5 R R4l
EAEYIA2AAE (R 6 'h Y CORES) |, X Bk
2= (Ko R EE L HIER LT (SOM) \RP) |, +
3 4 2L K 4 (SO L HCOS , Na™ | Ca™ | Mg™ |
COY ) FIE IR (NH; =N CI” NO;-N( l1 &R
BeAb) ) S5l pH AL FZHFR X e A
R, LR HE SO0 .l A HLE  RP,
NO; =N Fl4 2% pH Y 52 e 4 I 2%, - 18 BORE B ]
(WERT SRS ) 5 B A OC, X NH; -N 5 HCO; |
CO; #ABTC LA REMA , 1175 18 K o i B SO7 x
Ca® .COY xCa™ Fl Ca® xHCO; ML HAEHG (£ 6
DR, R ERE  RIEIRE C L R IEEA L
JF(SOM) .RP SO% xCa® .NO;-N #l Na* % pH A5
Wi A R, SOT MIA R pH AR I AR T [N
2T Ky IR EE RN HCOS A5 I AR BE
g, Hr - SR B A W 2, T+ EAK A A HCOS i I
F5 T COARSTT F A R R R BN Ry A5 IR BE
ClI" , RHEAHLET(SOM) \NO;-N 2% \RP, FEE
MR E A EAERG (£ 6 1 DARE) , FEA R
H R B /NGy s CL 25 JB) R B+ 8 A AL
(SOM) \NO;-N SO3 xCa® RP WL, + 37K 7 x5
JE 5 (] T 8 8 Ak 10 52 ) P R 0 5% . R WY - UK
43 REE S (RS AR IR pH A i R AL R SR A
FEYITR pH B FEAR R,

3 LS HE

RES b A BTJR T A KM B, A
SOT M Na™#RAR &, &b Pk 2B 7, 1S
6 m LA, RP {HYKTF 400 mV, J& F A LT,
HEBE AT pH HY KT 8, 5K T & & Witk
TERY

DI 3 a S99 Yk 1 I I it A 3 56 2 B R
HIJE 138 pH SE5RZUA 25 (0] F AH DG M: SR I 1 B L
JiR e R R KA TR
FARNE I 1T CaCO, R+ E R B R 48 HA —
SERIGE P VE I, BT LA O 56 oK 01 (IS 46 30
K), 13 pH E WA TEA 53 B3, Tk 5 1 1
pH {EZZ thfig 1T 2t — 20, VEBRMENE ) | 1 3%
TR AR I ] 0 52 Wi Y Bt 2R 7K R it S 14 A [)
MiAE, ZEREK &R 18 em JEALE K 10.3 g -+ m™
iF, E R A G B TE) 5 22 15 d, =B VR B AE 40
em DL b, RAR H B2 1~6 d, 5] #xX— 1
] pH 1 B AR, H 2 Pk &2 i) fa) 55 225 5 29 10 ~
30 d*7,
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Table 6 GLM—-RM analysis on the soil geochemical properties and soil pH
AR (R - S
Response status S/ % F Lo
. . Influerce factor Significance
(correlation coefficient )

Ff ] Sample time 0.85 1.39
TEIE Depth 8.11 3.67 *
+ 387K 43 Soil water 0.20 1.002

ACR2=0.53) i%{%@f Soii temperature 0.74 3.67
AR LS. RP 3.41 16.53 *
THEEHLE SOM 2.40 11.88 *
NH;-N 1.06 5.27 #
Cl™ 11.77 58.53 L
A ] Sample time 1.23 2.12
TREE Depth 8.81 4.18 ok
+ 387K 4> Soil water 1.24 6.5 ®
F R Soil temperature 1.91 9.95 ® ok
THEA P SOM 2.00 10.45 * %

B(R*=0.55) JE "
SR LA RP 3.37 17.954 *
3K 4 R
Soil watZXSoil temperature 245 12.79 o
NH;-N 1.05 5.49 *
Cl™ 11.42 59.64 e
AF[E] Sample time 1.98 3.68 ®
R Depth 9.01 4.77 ok
+ 37K 5> Soil water 0.29 1.69
LR Soil temperature 0.50 2.93
THEEHLE SOM 3.41 19.75 *
AL R L RP 1.89 11.03 %
NH;-N 0.58 3.31

C(R*=0.63) NO;-N 2.27 13.91 * %
4% Total N 2.02 12.38 %
cl” 7.06 41.06 ® ok
S0% 1.69 9.88 %
Na* 0.52 3.07
Ca® 0.22 1.22
HCO3 0.00 0.043
co%y 0.10 0.74
Ff ] Sample time 1.23 2.86 *
BRIE Depth 6.18 3.96 w
+ 387K 4> Soil water 0.49 3.44 *
F R Soil temperature 0.99 6.96 ® ok
K S A
Soil waterxSoil temperature 114 8.07 o
AP SOM 2.65 18.67 %
AL AL RP 1.95 13.788 # x
4% Total N 0.81 5.69 *
Cl” 9.50 67.05 # o

D(R*=0.69) NHj; -N 0.00 0.04
NO3-N 2.43 17.14 ]
S03" 0.86 6.08 *
Na* 1.01 7.12 # ok
Ca® 0.27 1.95
SO% xCa®* 2.20 15.54 o
P i) < PR i
Sample timexSoil temperature 2.65 0.67
CO% xCa* 0.00 0.002
HCO3 0.63 4.47 *
Ca® xHCO3 0.25 1.79

TE: S B4 22°F- 5 L5 BSF-J5 i LA

Note: “S” is the ratio between sum squares of deviation from mean and total sum of square.
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B SRS A 4 K pH H PR, T Ko
FR 38 D0 45 + 38 v % 77 19 CaSO, AT Na, SO, il 18 %
fi#e , AR A D7 A S s e, R 8
1) HO B 5 H W 256, A HCOS . — & B X
L RGh HCO; MR EERIL T F= B0 H BB,
MR CaSO, BV IR 1S Ca® BYBE NI, 225200 5 i A1
S YRR, TR HCO; e S SOy 5 Ca™ IWac B
YERF X pH A W& % m, H 530 pH ¥ 5y 1 5
10d #1130 d AR FEER (L), BEER AT
IEAT , 28 R B B AIG, A A ik 72 7 Ak 5 — F B
(AR R AN R) I E, X —FrEd T+
g2 Ve, pH (BT 46 32 A0 34 Ik &2, =5 i)
FHOCH ARSI,

RAEWMEERT, #ALh NO,-N, &
TR BEAFAE H I REI, TS i A f o i v DU A
H AR B LA b % Ak etk AT, £
e SRR B R W R, AR WS R Eh X pH E Y
SN E AT 0 S 5 4 RN R 3% T
HEJEHE 10 K 565 30 R LT i ERm (£ S) ;
T A ERT pH B 52 b AR 5 35 74 25 B A8 Ry TG I
FRm AR I Z AT pH (E 19 1 25 52 i 23 Fr 2L 3|
10 d LU, &4 pH L WAL T RS 2 A
TR B 1) A R S AR B B ) 3t U, 38 Y R G5
Sk N AR B AL B BEI , R G5 pH RS {L, {H 52
B AR 5 1 AR AR b s B IR AP TR,
HUBSE ISR B A T 28k,

ALY, AR MR Al 24 S5 OK Ay R L
HEAPLITL(SOM) \RP 25 ) RURPIWE (B85 5%
R A TAEFHRE RS pH 13 S H-AE, (5 £ 3
FETA BT CaCO, 1 S B IR 26 T i FH 200 X
A RPE D pH Y e 7 B R YR AR A BRI
R A0 i S A W W FH R AT 0%, T B sk A b2
SRRSOV B 2 52 A 0 1 T R A S e
P, bk SO pH E AR 1R, B LA — 3 R 255
K—FRBN A F N,
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