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Effects of natural zeolite on physical and chemical properties and water retention capacity
of chernozem in Songnen Plain of northeastern China
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Abstract: [ Objective ] To study the effects of natural zeolite on modifying the water retention capacity of
chernozem and provide theoretical reference for the improvement of soil water retention, the effects of
natural zeolite on the physical and chemical properties of chernozem in Songnen Plain of northeastern
China and soil water characteristic curve were studied. [ Method ] Chernozem was modified by natural
zeolite, cultured in a pot for 60 days. The soil bulk density was measured by cutting ring method. Soil
total porosity, capillary porosity and aeration porosity were calculated by formula method. Determination
of soil water characteristic curve was measured by centrifuge test. | Result] The results showed that there

was a positive correlation between soil bulk density and the amount of natural zeolite, soil bulk density
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increased with the increasing amount of nature zeolite. Soil bulk density increased significantly at the
10% mixing amount of natural zeolite. However, there was a negative correlation between the capillary
porosity and total porosity and the amount of natural zeolite, the capillary porosity and total porosity
decreased with the increasing amount of natural zeolite. The maximum ventilation porosity was obtained at
the 10% mixing amount of natural zeolite. The result of the water retention capacity of different mixing
amount of natural zeolite was: 20% natural zeolite (NZ) > 15% NZ=~10% NZ >5% NZ > CK. The soil
water characteristic curve of each group can be fitted well by Gardner model. The coefficients @ and b of
water characteristic curve equation were negatively correlated with water holding capacity, and positively
correlated with saturated water content. The saturated water content and the fitting coefficient @ were
fitted too. The results showed that R* is 0. 941 8. [ Conclusion ] It is feasible and economical to improve
water retention capacity of chernozem by 10% mixing amount of natural zeolite. The saturated water
content is high, the initial level of water characteristic curve is not necessarily high yet. The results show

that the water retention properties of chernozem can be effectively improved by mixing natural zeolite.

5540 4

This study provides a theoretical and experimental reference for soil improvement in chernozem.

Key words: chernozem; soil improvement; water retention property; natural zeolite
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Tab.1 Main composition of natural zeolite Yo
%43 Composition Si0, Al, Oy Fe, 04 K,0 Ca0 TiO, MgO MnO P,05 BaO Na, O
KARWEAT Natural zeolite  60. 24 22.17 11.40 2.32 1.43 1.17 0.56 0.24 0.11 0. 08 0. 08
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Fig.2 SEM images of natural zeolite
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Tab.2 Physical and chemical properties of chernozem

FAAR FI R AR & Percentage of aggregate size/ % AHL £ AL AL
0.5~ 0.25 ~ Organic matter/ Total nitrogen/ Available P/ Available K/ pH
>5mm  2~5mm 1 ~2mm <0.25 mm . . . .
! mm 0.5 mm (g'kg™) (g-kg™)  (mgekg™)  (mg-kg™)
17.81 18. 82 16. 35 15.31 17.99 13.72 68.03 0. 80 49.27 56.30 5.12
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Fig.3  Soil bulk density under different zeolite amount
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Tab.3  Soil porosity under different zeolite amount

WA B R e BALBREE EEILE HAFLBRE
Zeolite amount/% Soil bulk density/(g+cm ) Total porosity(P,)/% Capillary porosity(P,)/%  Aeration porosity(P,)/%
0 1.03 60. 28 57.77 2.51
5 1.10 57. 64 54.70 2.94
10 1.17 55.36 51.34 4.02
15 1.20 54.41 50.73 3.68
20 1.24 53.03 49.18 3.85
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Fig.4  Soil porosity under different zeolite amount

3.3 AEHABEEN TEARKEENREME
3.3.1 R3EARpHAEW L

KA AR IR R R IR S KRS K
Pl HOKW F e R MR, e R iR LK REE
SRR KA REAE il 2k A9 AS TR B R
T HERFKRE T KN, R HEK M RRAE Bl 2 s, AR £
R KA e, s MRS R
B 2 1 RRURIFL R RE X6 398 (14 25 7K R K 34 5 R
BUEEMIER ., BIELSH  geA LR | IR
a5 R KRl R B R R LK
REAIE 2R BB A5 1A A0 T - 498 1) R K R BT LA
FH 2 36 B R X 5 7K i 2R EA TR

AN BT 1 K A ERAE i R A0 & 5
B, BES Al 2 ) — s i, 3 KR B
BT RGN & . S0 B IS E A 5% 39
F| 109% B, 385 7K 38 18 1 oAH X0 G 21 A oy B 3
Mk A7 BN 10% F 15% i, T HEE K FRERIR
K, Y B ECE M 15% N3] 20% I, &K R4k
STt AR TR R /N T A B B 5% 1)

10% B, 1117 HLAE = W 7 B B v, S e 20 F 7K R 3
TARBIW A X R, a5 LR WA B
T 20% B S HRFK AR T B0, AR B I A X R
2H IR RE T B 55, X R Wl R AR A ol R 2R
5+ RENE I SR R K AR 1, BT A T RS K
IRARARURRAE Wb A7 REAS 42 T VD o - DR K BE T . %%
RIS 5 7K BE 1355 :209% NZ > 15% NZ ~10% NZ >
5%NZ > CK(CK: X B4l NZ. KSR A1) . Fkn]
A AR T R K RE ol LB, R 109 K AR
AN R IR K RE LI &P I AT, Wb A AR
ol B IERKEE ) B IR R Wb A N A AR 2
FLBIEIE | LR TR, DA T RE A8 1 B 51 22 i 7K 43
T X T HXP KA IRGEF 2R T7 . (R AR
WA el B 8 ORNAURT DU o 4P ) Bk R H
TR AR ) R RBAR SRR, AR T R
IR A FH LA B A A 0

55
50
45
40

35

30

{4 K2 Volume water content/%

1 1 1 1 L 1 1 1 I}
250 1000 2 000 3 000 4 000 5000 6 000 7 000 8 000 9 000
% 1 Suction/cm

F5 AR ABEE T ORIt 2k

Fig.5 Soil water characteristic curves under different zeolite amount
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Tab.4  Fitting equations of soil water characteristic curves

A B PA I b ” RN B 7K R
a
Zeolite amount/ % Fitting equation Saturated moisture content/%
0 6=90.095 %1 90. 09 0.14 0.989 3 56. 74
5 0=86.395%1 86. 39 0.13 0.9927 54.70
10 6=76.755 %1 76.75 0.11 0.998 6 51.34
15 0=75.085%1° 75. 08 0.10 0.998 6 50.73
20 6=70.1757%% 70. 17 0.09 0.984 6 49.18

0 N HIEIARFIE K S MK a b HIIEZSHL, Notes: 6 means soil volumetric moisture content; S means soil water potential; a,b mean

fitting parameters.
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Fig.6  Gardner model fitting curves of soil water characteristics under different zeolite amount
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