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Soil Moisture and Saline Distribution Characteristics and Maize
Stem Water Uptake under Alternate Irrigation between Saline
Water and Groundwater

YANG Peiling  WANG Yu REN Shumei WEI Chenchen HE Xin XU Ziang
(College of Water Resources and Civil Engineering, China Agricultural University, Beijing 100083, China)

Abstract: The objective was to provide a scientific basis for using saline water for irrigation more
effectively and reasonably. It was focused on the effects of two types of alternate irrigation regimes
(alternating groundwater and saline water (GW — SW) , and alternating groundwater, followed by two
cycles of saline water (GW — SW — SW)) between three levels of irrigation water salinity (i. e.
mineralization of 2. 0 g¢/L, 3.5 g/L and 5. 0 g¢/L) and groundwater (1. 1 g¢/L) on soil moisture and saline
distribution. The maize stem water uptake was investigated by detecting the stable hydrogen and oxygen
isotopes of soil water and maize stem water, and the maize yield was calculated. The results showed that
with the same depth of soil, soil moisture and EC were increased with the increase of irrigation water
salinity, and were higher in the GW —SW —SW regime. The trend of soil moisture as depth increasing for
all treatments at different periods were similar, but it was decreased at shallow depth and then increased
at deep depth. The trend of soil EC as depth increasing for all treatments at the jointing and heading stage
were similar to that of soil moisture ; however, at the filling stage, the trend of soil EC as depth increasing
for all treatments, it was increased at shallow depth, and then decreased as depth became deeper, and
finally increased at deep depth. Based on the interception of curves for 8'*0 in soil water and maize stem
water as shown, the specific soil depth values of maize stem water sources for each treatment were from
20.1 cm to 26. 1 em at the jointing stage, from 24. 1 ¢m to 63. 0 ¢m at the heading stage and from 11. 0 cm

to 63.9 cm at the filling stage, respectively. Except for the jointing stage, there were more than one soil
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depths for maize stem water sources for most treatments at the heading and filling stages. Based on the

multiple linear mixed model (IsoSource), the main water absorption depths for all treatments were 0 ~

20 em, 20 ~40 cm and O ~ 20 cm with the average contribution rate ranging from 33.9% to 51.0% ,
27.4% to 83.0% and 32.0% to 80.6% at the jointing, heading and filling stages, respectively. The

average contribution rate of the main water absorption depth in all periods was decreased with the increase

of irrigation water salinity, and the average contribution rate of the GW —SW —SW regime was lower. The
2.0 g/L salinity under the GW — SW regime showed the highest yield of 1. 54 kg/m’, which was 26. 23%
higher than the lowest yield in the 5. 0 g/L salinity under the GW —SW —SW regime.

Key words: maize; irrigation water salinity; alternate irrigation regime; soil moisture; soil EC; stable

hydrogen and oxygen isotope
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Tab.1 Irrigation schedule of test areas

Ab P

H i K/ mm
L1 12
5H29H o R 22.5
6 H3H Jik 54 15.0
6 HoH R & 15.0
6 H14 H S %" 15.0
6 H21H o S 15.0
6 H27H 52 S 22.5
7H3H b b 22.5
7H10H S Sk 22.5
7H16 H %R Jak 22.5
TH2H & " 22.5
7H28H " i 22.5
8H3H S Sk 22.5
8 H9H %® %® 15.0
8 HI15H Jik Jk 15.0
8 H21 H R Sk 15.0
8 H27 H Jik R 15.0
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Tab.2 Mass soil moisture at different depths with different treatments %

ke TR, Ak B

cm SILI S2L1 S3L1 S112 212 S312

0 ~20 (8.99+0.48)¢ (11.67£0.53)" (14.200.45)* (13.23 £1.29)™ (12.88+0.87)% (13.36 £0.71)*
" 20 ~40 (8.54+0.12)"  (10.94 £1.15)* (10.31 £0.51)®" (12.09 £0.55)* (12.39 £1.60)* (11.64 +1.30)?
R 40 ~ 60 (4.81£0.33)1  (9.21£0.98)" (13.22+3.81)" (9.07+1.34)¢ (10.15£1.01)> (17.71 +0.67)*
60 ~100  (15.04 £3.78)° (27.00+0.85)* (26.16+2.79)% (18.74 +4.51)> (25.24+1.15)* (21.32+0.81)*
0~20 (10.37 £0.63)"  (9.67 £0.51)" (13.94+0.77)* (11.20+1.17)" (10.98 +0.68)" (13.80 +0.68)*
. 20 ~40 (6.67+1.22)"  (10.49 £0.75)* (12.09+1.83)* (9.93 +0.58)* (10.60 £1.31)* (11.03 £0.37)?
= 40 ~ 60 (5.00£0.94)4  (7.38+0.78)!  (11.92+1.52)" (9.72£1.87)™ (8.59+1.23)¢ (15.46+0.98)"
60 ~100  (20.16 +£2.39)® (27.52£1.03)* (23.87 +0.97)* (18.84 £7.51)> (22.70 £2.91)® (26.57 +2.14)®
0~20 (11.63 £0.57)° (12.19 £0.45)™ (13.50 £0.56)" (10.78 £1.28)¢ (13.64 £0.97)" (16.30 +0.72)*°
Wi 20~40  (12.83+1.18)" (15.090+1.31)® (14.13£1.02)° (8.88+0.55)¢ (12.27+1.42)° (16.62+1.18)°
s 40 ~60 (4.22£1.10)>  (7.68 £1.83)>  (12.94+1.85)* (5.61£1.54)> (5.42+0.57)> (11.78 +1.72)*
60 ~100  (11.57 £5.28)" (25.59 +0.89)* (19.99 +4.05)* (19.51 +6.74)® (17.74 £0.85)*" (23.65 +0.68)*

T : AT ARG R R A BRI 22 5 35 (P < 0. 05) , T A,
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9 EC AR 2 B 40 ~ 60 em,, AH LIRS
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T 1.83% AR 0 ~20 em + 2 EC B R T
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F#AK,20 ~ 100 em 209 W 88 &, 3 A0 78
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B Ay 0 317.45 pS/em (0 ~20 em) .379.45 pS/cm
(20 ~40 em) \197.40 pS/cm (40 ~ 60 em) , H 60 ~
100 cm [ ARAE H BLAE S21.2 (341,78 pS/cm) , X
T+ IEAE AR R 1973 EC #4777 2243871 & Duncan
ZE B (P <0.05) 74T ATAL SUs KB R EEXT 0 ~
20 ¢m 20 ~40 cm 40 ~ 60 cm +IEIRFE K- EC 2
HREW, +EOFY) EC BEE BUSUK TR TR
BT MW T XS 0 ~ 20 em 120 ~40 em
TR AT EC A7 W5, L1 388 7 =L
¥ EC WERT 12 288 07 = UBUK A BE R 3g 4%
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Tab.3 Soil EC at different depths with different treatments

AR ER,S312 A HR

wS/cm

W IR
ingi]

cm

S

SILL

S2L1

S3L1

S112

212

S312

(427.00 £34.67)
(317.33 £26.39)°
(237.03 £32.34)°
(260.33 £25.77)°

(346. 67 £43.25) "
(316.67 +£35.94)°
(185.43 +13.04)°
(375.33 +8.65)"

(391.00 £54.49)®
(320.00 +£32. 14)®
(214.43 +32.76)*
(305.00 £18.38) "

(444.33 +44.58)"
(332.67 +46.55)"
(228.00 +16.99)*
(372.00 +34.24)"

(510.00 £55. 18)
(410.33 +61.59)®
(253.67 +£30.62) ™
(381.00 £49.48)

(418.00 £25.47)
(378.00 £37.21)"
(221.33 +33.51)"
(429.33 +19. 14)°

(516.00 £37.97)®
(413.67 +41.80)*
(253.33 +42.15)*
(330.00 £22.55)"

(573.00 £26.17)*
(476.67 +17.59)*
(306. 67 +20.76)*
(380.67 £43.91)*

0~20 (270.67 +11.15)°  (367.67 £17.82)™

. 20 ~40  (265.00+28.88)"  (320.67 +17.97)"
s 40~60  (183.53+16.61)*  (206.70 +29.50)"
60 ~100  (339.33+49.70)™  (294.67 £30.30)"™

0~20 (372.00 £40.01)*  (465.33 £27.74)™

- 20 ~40  (363.67 £37.57)"  (372.67 +28.80)"
40~60  (211.30£26.24)>  (230.00 +8.16)"
60 ~100 (33233 242.68)"  (439.00 +51.11)°

0~20 (300.67 £22.22)¢  (383.33 +43.71)!

B 20 ~40  (509.67 £26.39)¢  (596.00 £36.25)"
A 40~60  (197.37 £21.44)%  (269.33 £39.47)"™
60 ~100  (375.67 £62.89)"  (402.33 +46.34)"

(467.67 +21.64)"
(694.33 £60.96) ™
(349.33 £43.40)°
(385.67 +19.60)"

(340.33 +50.53)
(530.00 +41.58)°
(204. 83 £23.86)
(406.33 £32.25)"

(522.67 +28.86)"
(772.67 £18.52)*
(279. 67 £22.94)"
(390.33 +28.24)*

(611.00 +56.78)
(792. 67 £69.30)®
(365.00 +18.46)"
(486.33 +53.42)"




55 6 1] RG24 . FRKSSRRIEIE T 13K b 535 5 ORI K AR 5T 277
2.3 EXRBETERKEENTL L2 /NXH ST AR PR S EG I 28. 4 35. 9 em AL+ 3E

P2 S B RAEA A KRR K5 K 9 80

KR, M EHR Lk, il AR A4S TR AEA ]
PERII EEOKIREE Pl RS LU AT, 4K

Bl

23

L1 /NX ST .S2 . S3 Ab PR 2K = E i 23. 8,
.6.26.1 cm AbRY 3K 12 /NX ST.S2,S3 4h B

1 F K E BRI 22.2.20.6.20. 1 em &b 3K
A L1 /N X e ST &b 3 3 B0 0 29.9 31,0 em
R A IgETK 82 AbFE = I 27. 4 38. 1 cm AR 4
HEIK | S3 Ab B E IR 24.7 39. 6 cm AbAY + 3K

7K ,S2 AbFR BRI 24. 1 37. 8 em b Ay 33K, S3
ALERFERIL 63.0 em Ak Y H 5K, HESRI L1 /N
X H S1 AbFE BRI 12. 8 em AbFY 387K | S2 4b 3
FEMRUL37. 3.69. 2 cm AbAY 148K, S3 A F F=HE0
W 40. 2 em A 3K 12 /NIX Y ST AL B T2
I 16.9.36.0.63.9 cm AbfA 3K, S2 b B = B
W 11.0.38.7 em Kby 4 587K, S3 Ab B = ZE 07 1R
11.2.39. 4 em AbfY H3EK

8150/%0 8150/ %0 8150/%0
155 165 -175 -185 -195 J55 -165 175 185 -195 155 165 175 185 195
10F 4 10+ N 10F
201 \\ ) 20 —e—S11.2, ZEFF /K 201 —o— SIL1, 25K
5 20} _’_SlLl’f%’fsz 5 30} —e—s212,28k  E 30} —o— S2L1,ZFTAK
Ein —o—S2L1ZEFK B —o— 312,k —o— S3L1,ZF7K
2 40t = 2 401 3 =2 40 -3
i?é % —&—S3LL,ZFTK g% L —e— 5112, FHk § ol —e— SIL1, +Hik
g —&—SILL, +ik —o—S212, +Hik  H —e— S2L1, +HEK
ok —e—SoL1,tHk  60F —e—s312, k0T —@— S3L1, 146K
701 —o—S3L1, 3K 70+ 70
8ot [ 2) 80t * 80+
(a) KT, L1k (b) $54), L24b 7 () HFEL, T14bm
8150/%0 3150/%0 8150/%0
55 165 175 -185 -195 pT135  -155 175 -195 oo135  -155 175 -195
10f 10} 10} e
20t —— S1L2, ZEFFK 201 20}
g ol —o— 212, ZEFFK g 3l £ 30
Y —e— S3L2 25k B o —e—SIL1,ZFA B ~e—SIL2, %Fk
iﬁ 4or e SIL2, [k §§ 40¢ e SOLI,ZEFF K § 40r e D10, R
3 sor —o— 202, +Hk %0 —o—S3L1, 258K 350 —o—S312, 2£H K
60f —o— S312, 14k 60r —o—SI1L1, 4K 60t ——SIL2, £k
70k 70t —@—S2L1, 140K 70k —o—S212, 14k
sob . sol Pe O SSLLAAK sol e 312, ek
(d) iiEHA, L2403 (e) XM, L14b3T (f) FEHHA, 124030
2 BORTESARKIWZEFKS EHK 80 &%
Fig.2 Relationship between 80 characteristics of maize stem water and soil water in different growth periods
2.4 AETERELTEANERRERAKNFES  F44.4% , SEAEY) FZHH 20 ~40 em /9 135
Tk K% L1 ZNIX ST .82, S3 Ak B (1 - ) B3 ik 2% 4 1)
Kl 3 il Z e IR AR (TsoSource ) 1 83.0% \72. 6% M1 64.4% , %t 12 /X S1,S2.S3 4b
P B FRAEA A KIS R A B ORI A3 TR 32 77. 1% .66. 3% F1 27. 4% |,

Yok - B BTk, RO IHAEY FZ R 0 ~
20 em MY HEIK X L1 /NIX S1,S2 . S3 Ab 3 i) F-1
BTHRERA> 2 51. 0% 45. 7% F133. 9% , % L2 /X
S1.,82 .83 A2 BTk 443 5] 2 50. 8% (44. 0%

m0~20 cm ®m20~40 cm m40~60 cm #60~100 cm m0~20 cm ®20~40 cm
100F 1001

0 SIL1

0
SIL1 S$2L1 S3LI SIL2 S2L2 S3L2
Ab3

(a) #T53H

K 3

S2L1 S3L1 S1L2 S2L2 S3L2

(b) MY
ENCIEE S (R s 37N U R = ¥ SUR SN @IS IR S ot e S

IR FEA 0 ~ 20 em F9 587K, XF L1 /)
X S1,S2,S3 4b B i) ~F- ¥ 5T Mk 2 43 5l /& 80. 6%
33.3% Fl136.2% , %t 12 /NX S1,S2  S3 4b B i1y
TR F 02 33. 1% 32. 8% M132.0% . H1I& 3 7]

40~60 cm m60~100 cm Tg~20 cm ®20~40 cm #40~60 cm #60~100 cm

SI1L1

S2L1 S3L1 SIL2 S2L2 S3L2
pise
(e) HEHIY

pised

Fig.3  Average contribution rate of soil water from different soil depths to maize water absorption in different growth stages
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Tab.4 Yield of maize under different irrigation treatments

Ab3g i/ em AL/ em 175 HI%L FeRKS/ em TP ¢ P/ (kgem2)
SILL  (20.79£0.57)* (5224 +0.67)*  (16.89+0.57)*  (41.80=1.37)*  (1.58=0.14)*  (305.72+6.40)*  (1.54+0.03)"
2L (20,46 £1.86)*  (51.52x1.11)® (1667 £0.72)*  (40.89 £3.73)®  (1.57+0.14)*  (284.12+30.74)®  (1.44 +0.09)
S3LL (1999 £1.20)*  (50.71 £1.14)®  (16.33 £0.27)*  (39.50 £1.95)®  (1.57+0.14)*  (279.51 +44.19)®  (1.41 +0.06)"
SII2  (20.29£0.32)*  (51.39+0.51)®  (16.56£0.42)*  (40.44 +1.12)**  (1.48 £0.28)*  (288.77+6.62)"  (1.45+0.04)*
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S22 (18.46£0.54)*  (49.25+0.77)°  (16.22+0.31)*  (36.63+1.86)"  (0.93+0.23)>  (243.491.76)"  (1.220.02)°
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