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Effects of different irrigation treatments on cationic composition of soil
and dry matter accumulation of maize in coastal saline-alkali area

WANG Hang', ZHOU Qingyun'?, ZHANG Baozhong™’, MA Bo'*, YIN Linping'
(1.College of Water Conservancy Engineering, Tianjin Agricultural University, Tianjin 300384, China ;
2.State Key Laboratory of Simulation and Regulation of Water Cycle in River Basin, China Institute of

Water Resources and Hydropower Research, Beijing 100083, China;
3. National Center of Efficient Irrigation Engineering and Technology Research-Beijing, Betjing 100083, China)

Abstract; In order to investigate the effects of different irrigation treatments on the soil cation composition of
the coastal saline-alkali land in Tianjin, a field experiment was carried out to investigate the variation of K*/Na",
Ca®/Na” in the 0~60 c¢m soil and dry biomass accumulation in maize after irrigation. Four different treatments were
designed, LI,,( conventional drip irrigation, 10 mm) , LI,,( conventional drip irrigation, 20 mm) , FI,,(drip irriga-
tion under mulch, 10 mm), and FI,(drip irrigation under mulch, 20 mm) , respectively. The results showed that
the K*/Na™ in 0~60 cm soil layer with higher irrigation amount were higher than those with lower irrigation amount
under different irrigation treatments. The K*/Na" in the 0~20 cm soil layer was greater, while the K'/Na" in the
40 ~60 cm soil layer was lower. The Ca™/Na'ratio was higher in all soil layers of 0~60 ¢cm under mulch drip irriga-
tion with the same irrigation amount, while there was no significant difference among all soil layers of 0~60 cm un-
der different irrigation treatments, with a range of 0.10~0.22. The ratios of K*/Na* and Ca’*/Na* in 0~20 cm soil
layer treated with F1,, were much higher than those in other treatments, reaching 0.78 and 0.22, respectively. With
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increasing irrigation times, K*/Na* and Ca®*/Na® in 0~20 cm soil layer treated with LI, and FI,, were gradually

increased, while the treatment with LI, gradually decreased. After irrigation, K*/Na* and Ca®*/Na" differences in

0~60 em soil layers reached significant levels. The dry biomass accumulation in the whole growth period and the

correlation coefficient of the 0~20 cm soil layer (K*/Na") /Ca®> secondary fitting were all above 0.90, under the

same (K'/Na®)/Ca® condition, the dry matter accumulation in FI,, treatment always reached the maximum and

that in LI, treatment was always at the minimum.When(K*/Na*)/Ca’*>1.72, the dry matter accumulation of each

treatment increased with the increase in (K*/Na*)/Ca™.

Keywords: saline-alkali soil; irrigation method; drip irrigation under mulch; soil cation; maize; dry

matter accumulation
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40~ 60 0.150 0.062 1.512 0.231 1.16 0.49 0.26
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mLI10-K" OLI20-K
| §FI10-K~ @FI120-K

Na /(g < kg ")

20~40  40~6
2R ¥ Soil depth/em

r mLI10-K" OLI20-K
OFI10-K° OFI20-K

Na K ¥/(g < kg )

20~40 40~60
L JZ R JE Soil depth/cm

Na concentration

Na' concentration

5c
BLI10-Na' oLI20-Na’
[ ©F110-Na' @FI20-Na’

97
2

0.5

40~60
L )Z & FE Soil depth/em

B3 EKETHIERIE K Na"#0 K'/Na’
Fig.3 K',Na' and K*/Na" in soil profile before irrigation

20~40

[ mLI10-Na' ©LI20-Na'
SFI110-Na" @FI120-Na’

2.0F

%)
2

2
4

T T
jya« a—

[T
T

.

7

+ 2 Soil depth/cm

St

Irrigation amount, precipitation, average daily air temperature and reference crop

r—o-LI110-K*/Na~ —=—LI20-K'/Na"
——FI10-K"/Na~ —o—FI20-K'/Na"

4 51 REKELEHE K (Na"# K'/Na'
Fig.4 K", Na" and K'/Na" in soil profile after the first irrigation

@ LI10-K™ @ LI20-K'
OFI10-K~ @ FI20-K'

Na'# /(g +kg )

40~60
2R J¥ Soil depth/em

20~40

Na' concentration

251 .
BLI110-Na' OLI20-Na

[ ©F110-Na' @FI120-Na'

40~60

20~40
12 JZ R ¥ Soil depth/em

5 B2 Ri#EKELERIE K" (Na"F1 K/ Na'
Fig.5 K',Na" and K*/Na" in soil profile after the second irrigation

0~20 20~40 40~60
12 & ¥ Soil depth/em

r ——LI10-K/Na~ ——LI20-K'/Na’
——FI10-K'/Na" ——FI20-K'/Na’

0~20 20~40 40~60
+ 2 ¥ Soil depth/cm

—o0-1.110-K'/Na’ —=—LI20-K'/Na
——FI10-K"/Na” ——F120-K'/Na'

——

0~20 20~40 40~60
-1 JZ & F£ Soil depth/em



88 T XA 5T

38 %

2.1.2 Ca™/Na* i 6 & 7 FE 8 w51, #E KA
JE PR AL B Ca®/Na® Bl % B8 IR 34 S8 0 /N e
TGO, R R Ak ) LA AN Y 5 K S BT
LI 0~60 cm £+ )2 Ca™/Na* K, A [FHEK
AEBE 0~60 cm 45+ )2 Ca®/Na' 2253748 /N, 76 0.10 ~
0.22, % 1 WHENKIG FLy A B 0~ 60 em 45+ )2
Ca®/Na"$4 1 2 KT FoAl b B85 LT, A1 LL, A0 3 0 ~
20 ecm )2 Ca™ /Na BUE/KFT Y B/, Hodr LI,
AL BRRR MR AR 5 2 YGHEIK G 4 NMEFE 0~20 em +
2 Ca®/Na' ¥ TG BARME , FL AR FE 20~ 40 em 12
Ca”/Na* /g /N, LL AL PR 20 ~40 em )2 Ca™/
Na+/J\mEij(;L1205L|‘IE 40 ~60 ¢cm 12 Ca*/Na™ /)
REE R

mLI10-Ca® @LI20-Ca®
03k SFI10-Ca® @FI20-Ca™

<

Ca™ikJ%/(g kg )
Ca” concentration
<

+ 2 Soil depth/em

2.2 AREEKEF +EHE S FEARm

2.2.1 K'/Na" & 3 & 4 FE 5 Al #EKRTA
[l HE K AEHE 0~20 em +J2 K'/Na" FHLH LI kb H>
LL Ak B > FI,, Ab B > FIL, Ab 2, 3 K 5 FL, 4b P
K*/Na® 521K, FI,, 420 B R4 /N | LI A LI, &b
PR AN B 5 JE K T AS [ K AR B 20 ~ 60 em -
JZ K'/Na" R LL AL FESFT, Ab B SFT AL B 9 /K
Je W B0 FL AR P> LI, Ab P> FI A0 B 58K 1) 9
IKEARE T 20~60 em + )2 K*/Na®, B 3 iR
K B E KRB £ LL, A1 FIL 403 0~ 20 em
+J2 K*/Na" B K, L1, Ak 32 #0820, FIL, Ab
PR — B8R B K'/Na® | 1551 0.78, LI, A2
1 FHEZK D VIR 4% )2 KR Na™ kDR AR B 55

0.8 o 110-Ca’ /Na —— LI120-Ca* /Na
——FI110-Ca”/Na —o—FI120-Ca™/Na™
0.6

04r

Ca’/Na'

02

0~20 20~40 40~60
+ 2 ¥ Soil depth/cm

B 6 REKBTLIELIT Ca®™ F0 Ca™/Na®

Fig.6 Ca™ and Ca’/Na" in soil profile before irrigation

0471 @LI0-Ca” OLI20-Ca™
SFI10-Ca> BFI20-Ca™

f=1
W

Ca™ikJ%/(g *kg )
Ca™ concentration
<
(3]

<

[=}

0-~2 20~40 40~60
1 JZ R £ Soil depth/em

B 7 51 kR#EKFKLESIE Ca™F0 Ca®™/Na*

Fig.7 Ca®™ and Ca®/Na* in soil profile after the first irrigation

[=1
&~

[ ®mLI10-Ca® TOLI20-Ca™
NFI10-Ca** @FI20-Ca™

=4
%)

=

Ca W /(g ~kg )
Ca’ concentration
(=)

38

f=}

0-20 20~40 40~60
+ )2 ¥ Soil depth/cm

8 82 REEKFLIELITE Ca®F0 Ca*/Na”

Fig.8 Ca™ and Ca’™/Na’ in soil profile after the second irrigation

0.8 .
—o- LI10-Ca”/Na —+— LI120-Ca’ /Na

——F110-Ca’'/Na' ——F120-Ca™/Na
0.6

o =

0.2 1

Ca*'/Na

0~20 20~40 40~60
|2 JZ R £ Soil depth/em

08 [ _o 1110-Ca’/Na' =& L120-Ca*/Na’
—o—FT10-Ca*/Na’ —o— F120-Ca”/Na’
0.6 F
‘=
Z
04t ?i:; ; — é
@)
02}
0

0~20 20~40 40~60
+ )2 ¥ Soil depth/cm



55 4 3]

T R AR AL B Y e R Bl 8 BH 2 2 b R T i R AR B 5 89

55, BIFSE X it 7K A7 85 v HL R T R 2R R B R
FU, 45 12 KPR Na" VR EE I 3G K HE/K R LT AL 345
+ 2 K*/Na™ 8K, LL A FEFE K 5 45 L 2R R B
HEKE K /Na*,

%1 IRHEEKG 4 NMEFR0~20 em +JZ K /Na®
AL K, 7 0.3~0.8,20~40 em H1 40~ 60 cm
2N, 4338 0.2~0.4 F10.3~0.5, 2
1 RMEA G, W LI HE AL B KA Na® Bifi £ 387K 43 2%
K EER, L F L, A3 0~60 cm 12 K"l
Na' ¥ BE AN ) A2 B2 16 K, R4 0~20 em 1)
K" Na* ¥ B 3435 21 85 K, VE KT Ja L3 KW/
Na' YRR RIS MRS LI Al L1y Zb 3 20 ~ 40
em FJZ KR Na" BGHRBCK, T FL,, A1 FL, AL 2 20 ~
40 em )25 Na® ¥ BESA0/IN  RSETS  THE AL 3 R AR O0)
20~40 cm +JZ Na* P24 T8 50WBE , HEK &R
VRSB . FI, M FL A3 20~40 em + )2 K*
VR BE X 38 R, WE K i K KT S R 8K, K/ Na™
K,

55 2 HEIK T 4 AAEFR 0~20 cm £ 40 ~ 60 cm
12 K'/Na" Ju 3K, 43318 0.4~0.7 #10.3~0.5,
20~40 cm FJZ K*/Na™ BTG /N, 0 0.3~0.4,
FHERERS 1 IRBEAKA TR ;0~20 em )2 K/Na™
PR FL AL B SLL A B S FI AR B> 11, A0 BR 48R i
KB P THEE 0~20 em T2 T3 KRB T
P K'/Na™ KB/ N AL EE 0~20 em )2 K
W EE XN e L AR BRI A K . 20~60 em +
J2 K'/Na" BRI LL, A3 > FL, kb B > LT b 2 >
FI AbF LI AbFH K*/Na® B 518K 46 2 Rk 2
Ji e TR 4 R, X R VE AL 3 20~ 60 em )2+
HE Na  WRUERR LR, S8 K /Na™ B EHE K
2.2.2 Ca*/Na" i 6 &7 FE 8 al %1, KT
A KAL B 0~20 em +J2 Ca®™/Na" FHH LI, Ak
FESFL, Ab B> L1y AL B > FL, AL B 3 K J5 FL, &b BE
Ca™ /Na* i F 1K 355 0.22, L1, A0 B 5 208/
XN 0.17, HEKIG L, Al FL A3 0~ 60 cm 12
Ca”*/Na" #1560/ NE 3K L Al FIL A EE 0~ 60 cm
+J2 Ca™/Na" BBl K R K e R 25
Z 1) Na" Kt 3] 20~40 em +)2, F5820~40 em
JZ Ca™ /Na" 85/IN; B/ HE K i X 3R )2 Na® ik vk e
A5 ,0~60 cm + )2 Na™ W B B Wim/N S8 Ca™/
Na* B K, FL AL 0~20 cm +)Z Ca™/Na' ik
KT LL AbFAN FL, o ARHE  5ETF 9 AL P T A K 1 3
IR 2 4 Na® 77 A A 80k vk, R4 BRAIR T £

B Na" 5 1k, LLAbBEAS + )2 W IR Ca™ Ve FE 4K
KB/ NHE K BT 1 )2 Ca® R RE 459 , 3L
LI A B KIS 0~60 em 1 )2 Ca®™/Na™ ¥ KT LI,
VLSZIN

1 IKHEKIG 4 DNEFE 0~20 em )2 Ca™ ¥k
JEEYA I W RIS J7 R A LRI 0 7% T Ak B UK R R
KHF 0~20 em )2 Ca® WRBEFEIRE/N, AR HEK
W T T Ca RN, S EBUE KX 0~20
em T2 Ca™ RPEREBEAL S, 28 1 IE/KJG Fl, b
PH20~60 em 1 )2 Ca*/Na* i Z MKk, Hrp 20~
40 em - )E MR K, FI, AL B 0~ 60 cm 4% + 2
Ca™/Na" WARAEAS B 8, E KI5 L, Ab 3 i 25 PR AIX
T 20~60 cm + )2 Na™ ¥ &, 55 Ca®/Na® b 1
K, FLALEE 20~ 60 em )2 Ca® Fll Na* A5 L1 3 1Y
ARG, BT RL Ca®/Na* Z84b AN B B, 1 WK )E
LI AbBEEE K >, R 2R LR EL, S50 Ca™ Al Na*
PB4 T Na' A G Rk 478 &l |
TR, FHECLLAEHE 0~60 em 4% 1 )2 Na® ¥ W%
AR, Ca™/Na™ ¥ W2/, HTHEZKHT LI b3 0
~60 cm £ 12 Ca™ WK, 355 0.15~0.29 ¢
kg™ A0 1 REEK IR PESS , LI 4B 3 0~ 60 cm
%12 Ca® VR B FRIR IR

55 2 KR LLy A1 LI AEEE 0~ 60 em 4% +)2
Ca® YR BB A FL, Fl FL AL HE 0~20 em +JZ Ca®
Y IE ST/ FL AL FE 20 ~ 40 em + )2 Ca® He Ji 14
K, FLy Ab B /N ; FT,, A FIL, 40 P 40 ~ 60 em + )2
Ca® WRFEXIIE A, Hovp FIL Ab BRI BRI A, BT i
THE A0 TS o 2 TR I U BRI R K R A R, g
IR Ca™ MR B AR PR R BE 4 K
23 AREEKLENTIESFILHEMEZ S

Stk — 2L A3 BT AN A HE K R K 7 5 0~ 60
em £+ 2 K'/Na* Hil Ca*/Na" & &, %F 0~ 60 cm
%12 K*/Na* Fl Ca*/Na* 43 1] 5 K B FIHE K J5
KT ZNREITZ N (R 3 HK4) . T Z= s
BB 1 MEK G AR TRIE K I 20N AS R K =
ZIA] 0~60 em £ 1 )2 K*/Na 25 Feik B E KT 45 2
K5 R —TE KI5 R A FRE K Z 0] 0~ 60 cm
% 1)ZE K /Na" 258 B EKF, 5 1 IREEKEA
AR X T AT K EZ B 0~60 cm £ 12
Ca®/Na' 2 53k W 3 K F 5 5 2 I K 5 AN TR K
AR KT X Z 0 0~60 cm 4 +JZ Ca™/Na*
EA SV NTE
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Table 3 Two-factor variance analysis of K'/Na” in the soil after irrigation and
irrigation amount and irrigation method, respectively
bR B S P H 1 BE ¥y F p
Indicator Source of variation Sum of squares  Degrees of freedlom  Mean square
WK = Irrigation amount 0.003 1 0.003 0.223 0.108
o 1 v #7K 773X Irrigation method 0.000 1 0.000 0.000 0.166
LA AN
After the first - - L 0.085 1 0.085 6.046 0.039
. Irrigation amountXIrrigation method
rrigation N
%75 Error 0.113 8 0.014 - -
AR5 Total variation 1.937 12 - - -
K Irrigation amount 0.049 1 0.049 2.516 0.041
N _ HE/K 52X Trrigation method 0.000 1 0.000 0.010 0.923
2 UK Mk 7
After the second . = e 0.000 1 0.000 0.004 0.954
o Irrigation amountXIrrigation method
rrigation .
1R2E Error 0.155 8 0.019 - -
JHARSE Total variation 2.602 12 - - -
F4 BKELEFRC/Na SR SEKEMERFRXN_BERFESN
Table 4 Two-factor variance analysis of Ca®*/Na® in soil after irrigation and
irrigation amount and irrigation method, respectively
f&tr 75 5 R R SFJ7 A F W5 F p
Indicator Source of variation Sum of squares  Degrees of freedom Mean square
JE7K = Trrigation amount 0.002 1 0.002 9.026 0.017
SN _ HE/K 72X Trrigation method 0.000 1 0000 1.005 0.346
1A ek Bl 24
After the first - " L 0.002 1 0.002 8.269 0.021
L Irrigation amountXIrrigation method
rrigation .
1R2E Error 0.002 8 0.000 - -
B SE Total variation 0.293 12 - - -
K= Irrigation amount 0.001 1 0.001 2.222 0.174
; K J7 3 Trrigation method 0.000 1 0.000 0.809 0.395
After the second L - L 0.000 1 0.000 0.107 0.752
L Irrigation amountXIrrigation method
irrigation - .
%25 Error 0.003 8 0.000 - -
JBARSE Total variation 0.409 12 - - -

. P<0.05 5B,

Note: P<0.05 indicate significant difference.
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