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BREI NaCo, R NaHCOy HitHEH%R:
RSC = (COF + HCO7) — (Ca** + Mg*t) (BMRME/F)
REAHRREBUN S B EHEAKD H=H: RC >25 ERUR/FHREM
BiK; RSC ~ 1.25—2.5 BRMR/FHRELHE ERK; RSC < 1.25 BREYBR/FHT
R #EREK o
LM E5-MHEEFORME (SDR): BREMEB KSR Nat +K* § Cat+ + Mg*t
MERARLHE, BT K OSRERBMK, TREAT.EHi,

+
SDR = — &' ___
Catt 4 Mg+*

ANEFRUETUR/ARRN, SDR A5 MBAERETHXR, ¥ SDR > 4.0
W, TRILE > 15%; SDR >2.5 W, L IRBR{LEE K 10—15%; SDR = 1.0—1.5 H,
HERE,—BAR5IEB.

3. B EL (SAR): REBEBRAMNAEMKES &R, HiHHEB3%:

Nat

v/ (Catt + Mg*tt)/2

RPEFRERARERYER/FBR. EEATEHHELE (SSP), Ml SAR #H17]
BT ARH:

SAR =

—_— 2Na%
= + —

EEMMATRRESE 1976 EFrEFR EBK RS LR T

i—yl SAR < 10, Xﬂ%ﬂlk (sl)’ Wm?ﬁ?ﬁ, SAR = 10-18,%7[13%7]( (Sz)’ ‘qﬂ
BEHAEANBKEIFOLM; SAR = 18—26, HBWMWK (S), MIHEFEBHBROW
;5 SAR>26, HBEHAK (S), AEH THB.
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Table 1 The quality of deep alkaline phreatic water in the east and southcast of Hopei province

€ )ik £°E 0 F & = B K o
A& #+ X Stax.:dlrd of water Mineralization KA A
o &;’21 oH quality for alkalosis degree Grade of %ﬁf ?lkahm;
v . lw . we n tota
calt depth sselrscispr[sar| ap| g/t Bczgicm ater quality wel‘lsl tested
n;gggiﬂi 350 |8.0[95.316.7]20.2022.754.3] 0.88 1100 S, 90.5
gﬁéfj&ﬁ&&*% — |s.0[82.5/4.9] 4.5[ 9.0ls4.9| 0.76 860 S, -
*mﬁgﬁﬁéﬂﬁ 303 | — [90.8]3.6] 9.9114.739.3] o0.85 990 S, 89
] 410 [8.4093.008.3/13.207.076.8 0.93 980 S 50
ﬁ‘j&f@gtﬁ‘ﬁ%fjﬂﬁg 461 {8.1[89.0(5.0{ 8.1/11.27.6| 0.67 740 s, 100
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Table 2 Iomic composition of deep alkaline phreatic water and its quality standard for alkalosis in Linxi county
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B HLERERAETHX B EE KO ENMBX+ =4 BRI KET KR
. BAERNE 1o

x1BENEA, SHEEHE. PRRAKVERFSREARTHERYRKEL TR
B, Bt (SSP) — KT 80%, HpEIWAT I0%, SAR HEREEE B, HKXT 10,
BZHMKXT 15, RSC f1 SDR A KBREAER (KF 2.5). EARHPOERR
B E (AP), RAMFH(E KB RE)N 39.3%50 RABK T 50%, HEE#EBX
R %,U LARBRBEREEF KBEEREODSREINNT AN, KB THE
BRENBAK. BN ROEX—HXYHT 119 BREH KRR H L (SAR) T 104 (R
BHKOBRABREP (RSC) H,.&IHER: HHEX - =ANEEHAKAR M LAk R 18
FR3 R0 SAR > 10 iy S FTiRZE A 72.3%,1f0 SAR > 15 SETIRAZEA B AT 46.2%,
B RABRBAERER (RSC>2.5) WEBERHEMN 75%, RSC>5 WEATA
BERHMK 3%, W RN XERERXE 75% D LRI KESHRBEREK, 2
4 TMAlEY DA G F, B AR TEMR LA b R e 208 [R) 8o

ATH—-SHEBEFL, RIMOIEMEEREEY CREXEET 10 MAk 32 AKEA
Y 34 IREFH 7K, EEF KB oo RERNLE 2.

M#E 2 B, EEE R BRADBNEHAKR AR EHRNOREREKEHTE
HHE. AWM FHRFLIERNEMLL (SAR), BRABEH (RSC) HE—HN5_4

%3 REWREKGOESERR] PH |

Table 3 Salt composition and pH value of deep alkaline phreatic water

): 4 B .| P -
Sampling locality ® oW L i &K KEEE
' 14 B
meq/1 11.89 10.60 10.48 10.37
Mineralization degree
Ca(HCO,), 0.40 0.32 0.36 0.36
= Mg(HCO,), 0.44 0.48 1.44 0.80
Bivalent salt
SN %
g iR % 7.1 7.5 17.2 11.2
NaCl 1.28 1.72 1.24 1.88
AR k28 Na SO, 1.48 1.16 1.68 2.00
s lt(mcq/ ?t' Neutral salts
alt composition
%ﬁi’f‘ﬁgﬁ %| 33 2.2 27.86 | 37.50
—yr R
Monovalent salg Na,CO, 0.23 0.29 0.29 0.29
NaHCO, 8.06 6.05 5.47 5.04

Alkaline salts

& SEREy % 5 s
% in total salf 69.72 62.55 54.96 51.40

pH 8.40 8.45 8.31 8.28
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PFH FZtufE (SDR) HAKHMEE THENIEFE. SMNIHBTHM (5) MEH
(S) RoHWLERB, MEETFAREALTEFENER, —FEEFKhaE xR
B Nat, ZH#AE 90% ET,HB5EE Catt, Mgt SRIE, BHE Cat* HERER,

RERE R KD TER, RITATARBE W H S HR (R 3), WK 3ALE
H WREE K ZMNERRBXNEERD, —BET 15 BRYER/F, HLUBEHE
£ 10%, fARITE B (Na,CO; + NaHCO;) Bk 5.3—83 BREMR/F, YBREHSEKT
50%, pH E—BKT 8.00 XRIALIIFITRALE T LR S Fr A EEBLKE B IR
Ko

Z.. BREBHE KR 1 e R AR

R TERNERRR, ORI ROPERTIERRSR T, WEEMK (<o.01
HK) 24 18.9% KR (< 0.001 BEA)K 7.4% . £ & 0.105% , 8 T4 316 RUBRK/
X, pH E2% 75,33 AMRY Ca, Mg 23 X%E, KU BT EX 55.8%, Hh CaSO, 15
35.1%, 100 E T HARBHPNENSBRE 04 BRYUR, BAEN3.23%, SRAK
ERPE B WA, LR 0.8—0.9 32/F, B FHY 980 TR/ EK, FRITFI/NIK
FT&E®% 069 /I KWMBEIE (AP) 25 69.7%, M_MERMRAF 7.1%,

RBRERERANRN 7.4 BXE 80 EXRNER, EABY 1.0 BRBANRTL, &
BT i ek EG , B ERA AMT GRS

BAKENREBRET, BF/NZHAKAR(ERE 40 75/EREKEBITEMA);
FHik 60% MENRTHE, A EB T REURFREA, BH O ZRET, BREAETER
THMTHATREES 36 /N, TEESARHE IS —40CHRE, RBHERBRAERR. 84
HEHE=R.

(=) REWEAERER L R BB

KR, & F T e EE R AT, EBACKERR,S 8% RO & m iR
—HFeo MIBRMIEY ALY , 5 Btk 7K B, 5 ke 390w BE 43 10, T MU AT HHE S
MR TH,HEL IR MEBRREAKNE_ENFRENTEAE . QIRENIE
(& 4) WLLEH A R ERA M, DA EEM, fRETH. AMEwLtRng
B

%4 AEAREAEREHISNERULMENE® (KRERB)

Table 4 Variation of bulk density and porosity of soil irrigated by alkali water
(laboratory experiment)

BREY k3 o (g/cm?) O BOEY (%)
Years of irrigation Bulk density ’ Total porosity

W e 1.35 49.41

BE=F 1.49 44.79

MBLIYE 1.51 44.12

* BIBREHRLRR ("LHFR" 1964 £ 2 §1 230234 T) {H W, FLIRE = 93.947 — 32.995 X HE.



310 ‘ + : | ¥ i 18 %

EBME_F, BEASEERA®. BEK? N L HBEENEWERTK. EE=
F£EHAHABER (B 1), YHBZIFMER, AEHRE AERN LB ZREE R
BIRIRRE (0.15 BX//NE)o TR BB RBEY KB T8 R RK % 2.75 A/
/N > HoFB B K REBERO R 18 (B0 MBA KK LB HEEE N 5.45 &K/, Lol K
th 36 15,
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\5 *5 3 * - S
] / S
r-] / 3 o
R / £
s * ~. v :E) ~
E-ﬁs' S _o-WRRK =M
- ~ .~~~ Fresh waterin § @20
& al S~-=7"  deep soil horizon _ K
R
BEWIK H10
1t Alkaline water in ®
’ deep soil horizon
A S 0
0 1 2 3 4
W (%) mk ()
Years of irrigation- _ Years of imigation
I RRARMBER 0 2 AREARENALANS
BEEEN & (Caso, fi Na,CO, + NaHCO,)
(XRZER) WEMCERERR)
Fig. 1 The influence of irrigation water of different quality Fig. 2 The influence of irrigation
on soil permeability (laboratery experiment) by alkaline water on the

salt content (CaSO, and
Na,CO,+NaHCO;) in top-
soil (1aboratory experiment)

(=) REREKENS B MPHITHRR

BREMARNERREHRGRY, AR KERL R, ST BB RR,
Fln, R H B LMY BNRATAR. X—SRABEGEN=-NERTER. £H
BB L K BREO IS, Ft (0—5 EX) WABES R BFRR 35.1 B Y®|/100 B+
TrReE 4 B AR/100 Bto MR, FITHSRUAB MM (B 2). FAENRREKHETE
ZHEBNLE, €215 EXREPREAD BHFIT. ER=FERHIE, CEIME
HEA HITRR, mMURL (05 EXK) aBAER, HEUTHLEEX LREH
1. MBNEROTIH,.ZE 60 EXLED, S HTRE EMHBETHTRR AR 1A
ZHE. W3 FTHELRPHRTERAT 5% (UREHX), 2—5 EXLEH

1) BEEAKRBETAKERT 13/7, R FREARE SR FAER K.
) REAKRRBEKSRAEBEEARSBEK WEFHMEKRES RIEGFQER .
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MEREHK. 40 BEXUTHRTERZHED, 60 EXLTILFARE KT,

Imigated for four years

Before irrigation
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238 (meq/i00 gsoll ) 2484 -( meq/ 100 g soil
Total salt content ‘Total salt centent ~

K3 Narco, CaSO4
K Na, 50, + Naci [Jca:Me(Hcoyp,
+ MgCl,

3 HEESERENEE GCRZERR)
Fig. 3 Profile of salts composition of soil (laboratory experiment)
FITE T WP KRR R RORA RE R b TR SR K S KB FTR/NK
THALTHFTR. MERLBKBK I PEER (£ 5) TLUEH : EREKHE A LYK

®5 EBMNXKERRLPOKBERIZTN (WTEE)
Table 5 Water and salt balance in the soil irrigated by alkaline water
(irrigated for four years)

WA K | BB oK REE+ M HE R
i+ F- ] Irrigation water |percolating water Residual salt in soil
Salt type meq meq meq émeq it
PITER MR Na,CO, 2.58 1.24 1.34
39.04
Sodic salt NaHCO, 37.7 —_ 37.7
o & Na,SO, 7.74 2.15 5.59
12.3
Neutral salt NaCl 6.71 — 6.71
Ca(HCOy), 1.60 8.03 —6.43
—Hho# Mg(HCOy), 2.23 4.30 —-2.07
11.25
Bivalent salt MgSO, - 0.75 —0.75
MgCl, - 2.00 —2.00

BE: BN 5,160 7 B RAK RN 731 .
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TERREREE 4028 B4 &, ST ANBE RN 68.8%,TiH AN NN 383
REUE, SHHANBRRN 6.54% K, NBHKHEH LRI PRITH 1.24 B
i, AURRN2.12%, MHHOZNEARE 15.08 BRUE, SHHEHER RN
81.7% 0 Rk, % MNF m o KRS, EL Ak —MERRET 1125 BRYR,
FAITELRFRRT 39.0¢ BRUE, FEUNS M WhoLERBELELE, -5
EIRBEEPN _NE T, B—HTEANAERKRIBRERE LN _NET, BT
W HERWE 6 Fimo

M#& 6 FAILIEH, RETHESETFHARFVENEN, I MBoh 4 Fi
.M Nat & RAXN ML, ERNERERE (0—5 EX) 1P _HHEETF (Cat* +
Mgtt), MEERT LS 72.8% (YBRESE) THE 165%; HE (0—20 EX) I
M72.8% THE|17.1%, HAEN SRM 1.12 BHEHE/100 - THZ 031 B X4 &/
100 B+ MR, HREKEEZE, ZETHREE 8P —0 FHEF S lETe 0.42
BRYE/10 RS EA L7250 149 BRUR/100 wt, YRE S EH BT
27.3% 533 EF% 83.5% 0 82.8%, BAEFh CI- Fn SOF WD, W HCO; WIBAREHE
e FTRARSIET TMhsr HRAVEAL, B3 T LMk

®e BRIMTWEMTFARNDTL (XRFRR)

Table 6 Variation of soluble salts in topsoil (laboratory experiment)

B - | aEEE £ I
HFARK Before irrigation Irrigated for four years
0-5 0--20 0—5 0—-20
lonic composition (cm) (cm) (cm) (em)
meq mep meq mep meq mep meq mep
cor — - - — - - - —
HCOy 0.26 16.9 0.26 16.9 1.20 58.3 1.0 55.6
Cl~ 0.52 33.8 0.52 33.8 0.40 19.3 0.38 21.1
SOy 0.76 49.4 0.76 49.4 0.46 22.3 0.42 23.3
Catt 0.80 52.0 0.80 52.0 0.21 10.2 0.20 11.0
Mgt 0.32 20.8 0.32 20.8 0.13 6.3 0.11 6.1
Nat 4 Kt 0.42 27.3 0.42 27.3 1.72 83.5 1.49 82.8
R - 1.54 — 1.54 — 2.06 — 1.80 —

meq: HEHBIK/100 mt; mep: MEYBREIE,

(2) FRWEKRM 206 L R

IMBELIERESTRNEA, STRERT—RHRN_NETFRNLELSR LT
HEEREZ P

HRERRY: S0 MBE G0 138, 9078 R PR L A ERTRD 0.75, 5638 F
4.17 (0—5 EDk T E) 0 3.74 (0—20 BEX T B), T thkEm ERRBEMRETHRE
HBBEL. REMEMLL 5T MBEBNWRME (SAR) RIELLX %, A 4 FiR.

1) LARBERLARARE oo, —M o g #Re ES——REHEM, CEC— (AR,
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SAR

B4 ERBEEIES SAR %R
Fig. 4 Relationship between exchangeable sodium ratic and sodium-adsorption ratio of soil
REEHRSBSREBOES RBHRNH LMORAE (ESP). $E 1 MBS
PRdE, — MR TIEACEE 5—10% XNWBAC LR, 10—15% A E L H; 15—20%
HBBALI > 20% At
MR EN: LR R R KN BB EIRA TS, M 3—1 F
i, AEERE AL (F 7)o

BT KRN AR EOER
Table 7 The cffect of alkaline water on soil alkalization
o B
&% 5 + 2 ¥4 Nat Alkalization degree
(cm) (R R/100% 1)
TIMBLE % & %
Treatment Soil depth Exchangeable sodium soiiualkali%“ign
degree Grade
| -0 + 0—5 0.40 3.23 E[2 2
Betore irrigation 5—20 0.40 3.23 Non-alkalizatien
= 0—5 1.14 9.98 WAL+
Irrigated for two
years 5—20 0.99 8.68 Silght alkalinity
= 0—5 2.99 26.16 hiiL L
Irrigated for
three years 5—20 2.00 17.20 Moderate alkalinity
L] 0—>5 4.85 38.06 HERL
Irrigated for four
years 5—20 3.45 26.88 Strongly alkalinity
SRR 0—5 1.11 8.71
Average incre- —_
ment per year 5—20 0.76 5.91

(1) RERMEKEENLH pH MKW
DL 135 /K BRI 1S B Rt pH RE (% 8)0 MZT 8 WILIEH, T HAEN

pH X B2 + My RIT & BB R/ NNOE e BT MBMAERT 20% &, T8
B¥ oH HAT 9 K2, THWABE/NT 2050 , 23EHE pH E/DNT 9o B 1IREHR
RARFEERT (NaCO,) B, 5 pH ERFIE 8.6 LT, MARIT (Na,COy) HIAS, RIfE
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BRER R+ z— (0.001%), 18 oH EBRIEN LFAE 8.6 LI, YHTHRK
F0.001% B, 0 pH EEETF 9o BEEMERNANERK, SE LA R pH EHARA
B RN R TR oH B 2—5 EKE S 0.005% EBEW, pH Y 8.85
Sh, Hk T BIIEE 8.5—8.6 Z[Ho 7E 0—20 ERI LM, pH H PO 8.68, M=
BRI R, 0—5 BRI MOBLEER, & oH ED 51 9.4 (0—2 EX) f19.13
(2—5 E¥), 5 BRLU T4 pH E/AT 9, £ 0—20 BRI T pH {H¥ 2900 8.92, T
AL 4E RO R B 1, 7E 0—5 K -3 pH B W3K 9.53, $E LM pH HF193% 9.26,
3K A SRR X (B R B IR P8 S5 B AL - OB ST R B AL B B 4L £ R AL

s EMoH EANFITSRESMARBXR

Table 8 Soil pH value in relation to soda content and ESP of soil

EREA_E BREAK =4 WRkKmE
+ E Irrigated by alkali Irrigated by alkali Irrigated by alkali EEN LN
water for two years water for three years water for four years LS pH
Seil oil pH value
depth BAE | HTAR WALE | FIAR WiE | HKiTgk | before
pH! % % PHI % % pH| % % icrigation
ESP |Soda content FSP [Soda content ESP |Seda content
0—2 8.40{ 13.39 0 9.40) 33.15 0.029 [9.60] 41.10 ).  0.057 7.50
2—-5 8.851 7.69 0.005 [9.13] 21.50 0.032 19.48] 36.04 0.083 7.50
5—10 8.64 5.10 0 8.85! 16.40 0.005 ]9.34] 29.19 0.064 7.50
10—20 B.58] 9.82 0 8.80| 13.12 0.003 19.09( 20.17 0.047 7.50
20—40 3.62] — 0 8.65] — 0 8.76 — 0.023 7.50
0—5 .67 9.97 0.003 [9.24] 26.16 0.031 [9.53] 38.06 0.073 7.50
0—20 .62 8.68 0.001 8.92y 17.20 0.011 [9.26] 26.88 0.058 | 7.50

(R) %Teok . FAREWMEKLEE

AT IR TEK , Bk i K LS 2 L MR AE R, RITEETRASH
M KR KRR, SREV: EHREAKEE, THPREHARITRROER
8, LM MBRRBHE (% 9. WL, EUHAST, EHEAKER, THREX
B FASHEREKNERRRZ — HE, HBEAKERNLHES —ENRERIAR,
XN WA RS Rk — P

9 BAKEREANLRHEEROBE (RKHEE)

Table 9 The influence of mixed water on soil physical properties in comparison
with that of alkali water (irrigated for four years)

I B "B A& X

Item Mixed water Alkali water
TMEE (g/cm”)
Soil bulk density 1.37 1.51
BIRE (%) 8.7 12

Towml porosity

1B 2% (mm/hr.) 5.45 0.15

Soil infiltration
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= % B

LA LR BR A B R GEES. BE AK RN, REBREE, R AL
TH—HEEEY—ESE I ME IV KA TRKEEBEN, KPR T& 8%,
— R BIE RSN SSP, RSC, SAR 1 SDR JZEERBEAMRMERLL L, fABRN
BO® (AP) —RKTF 50%, BHEHIA 60%, RIVEXFAKRATREK.

2. FI B SARG N 2K PR, 16 K BIYRAT R A L4k, B/ COT + HCO7, e
FRETRE MfIRE THANER Eo L, B HIBEERNAE R, SRR ERHE
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THE INFLUENCE OF CHEMICAL CHARACTERISTICS OF DEEP
ALKALINE GROUND WATER ON THE SOIL

Bai Yin
(Betjing University of Agrioulture)
Lin Li-zhang
(Beijing College of Agricultural Machinery)

Summary

Study of the effect of deep alkaline ground water on the soil properties was carried
out in 5 districts, 13 counties of eastern and southeastern Hebei Province from 1978 to
1979. Results obtained showed that the use of deep alkaline ground water in irrigation
resulted in incrustation of soil and the decrease of crop yields. It was found that such
ground water contained much soda, and its chemical characteristics such as soluble
sodium percentage (SSP), residual sodium carbonate (RSC) and sodium adsorption
ratio (SAR) were all much higher than the critical levels accepted internationally.

Laboratory experiments showed that after irrigation with deep alkaline ground
water for 2, 3 and 4 years, soil exchangeable sodium percentage (ESP) increased from
3.2% to 8.7%, 17.2% and 28.7% respectively, with an annual average increase of 5.8%.
‘While soil pH increased from 7.5 to 8.6, 8.9 and 9.3 respectively, with an annual average
increase of 0.48. As a result, soil physical property was deteriorated, and soil permeabi-
lity coefficient significantly decreased from 5.45 mm/hour after irrigation with alkaline
ground water for two years to 0.15> mm/hour for 4 years.

Alkaline ground water mixed with saline water in a proper proportion has a good
effect on prevention from deterioration of chemical and physical properties of soil. It
is considered that the application of alkaline ground water mixed with saline ground
water for irrigation may be a economic and practical method for improvement of water
quality, and it is of great practical significance for the improvement of salin-alkali soil.




