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Effect of Freezing Saline Water Irrigation in Winter on Growth and Ion Distribution of Helianthus tuberosus
L. in North Coastal Saline Soil

LONG Xiao—hua, NI Ni, JIN Shan—zhao, LIU Zhao—pu"

(College of Resources and Environmental Sciences of NAU, Nanjing 210095, China )

Abstract: Soil salinization and fresh water shortages are major limiting factors for crop productions and environmental rehabilitation in
coastal plains around the Bohai Sea. Improving saline soils in such areas can greatly benefit agricultural productions and environmental pro—
tection in the context of fast economic development across the coastal zones of the Bohai Sea. Based on the mechanism of water desalinization
by freezing and thawing processes, a field experiment was designed and conducted to investigate the water and salt dynamic of coastal saline
soil with freezing saline water irrigation in winter over coastal saline soils in Haixing County, Hebei Province. A total of 160 mm saline water
was applied to experimental plots in January in year 2010, which was frozen well after irrigation under the condition of a lower temperature of
-9.5°C. The soil surface was mulched with plastic film after the infiltration of melted saline ice water in order to prevent salt accumulation in—
duced by high evaporation in spring. The plots were designed as follows: irrigation and plant directly with digging into plastic film mulching
plots as T1, irrigation and plastic film mulching plots as T2, no irrigation and mulching plots as CK1, no irrigation and no mulching plots as
CK2. In this experiment the H. Tuberosus was planted. Results showed that with infiliration of melted saline ice water, the surface soil was
significantly desalinized. Compared to CK1 and CK2, the salt content in the surface s0il(0~5 cm and 5~20 cm) of T1 and T2 was decreased
41.9%,65.0%,46.5% ,67.7% ,29.9% ,47.1% ,40.8% and 55.3%, respectively. The surface soil (O~5cm and 5~20cm) salt content was about
0.6% in the seedtime. The yields of H. Tuberosus of the T1 and T2 treatments were higher 54%, 115%, 97% and 175% than the treatments of
CK1 and CK2. Under the T1 and T2 treatments, the Na* and Cl- contents in root, stem and leaf were decreased and the K* content and the ra—

tio of K*/Na* increased significantly. The results obtained in the study indicated that the approach of freezing saline water irrigation in winter
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may benefit the use of local saline groundwater and improve coastal saline soil to some degree, then increase the yield of H. Tuberosus. The

ultimate effect depends on many natural and human factors, such as soil chemical and physical properties, water quality and irrigation time

and quantity. Further field experiments are required to formulate reasonable irrigation scheduling and related management methods.
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KEREAPHFEEERZHERZ—, A
FEHb 0.11 hm?, T Hu PR BRI 29T E 21tz
T R BRI AE F o 2R AR R E R AR
PR, HoAA I R AR R E it 2 H A EENE
S yArAb A T R X A R Ak B, R AL i
VT J5 T K 5 AR BRI, AR A
ZT IR AR AU EABNIR AT, DAL T8
IKSFER BRI T A VKEE , LA R Bk E ,
T 0 - R PR A VR R R, D -k o R VR R A
T P2 A T TE AR AR, 3 A VK Z AL & 4=
IR ER YT P A BRI 3 AR VEAE T, DT BT A
Bt R ERGRHAY B A9, KHERIGR , &R
TIRUK S VKR AR AR 1, HFE AR TSR
B R,

VN EYIREIR B R T I RE A RHE Y A
HMER LS e EBRPAT R EW LT R
TR XEA S FFRG , 352X A A A TE N R
58 , T ERAR, 38 TR ORI , HAE Y58 R =
B A B ENRECT AR AR A6 AE W24 B AR mg
HEAT , BT A ZE UK 45 VK E W R B 1 ) R 43 AR 1k B vt
A KR, ATy SRR R Y R B
R AR T HE,

1 T %

L1 RS

IS e st RTIR| RS = s S VAR LT | =/
PR, SR, S, R S B LR
+, PELL B s A AR,
HELZ , Ik EL R BRI A IR R 2 KR, 4FF

¥R 121 °C,1 ARFHRE-4.5 C, BImREs
1-19.9 C, WIFEHZ HIAE 10 A TFa, AFHEEH
BTE 4 A ). X EAFERKER 582.3 mm, TUZR4S}
AR, FEEPTE 6—8 A, FEKE N 4304 mm, 5
SRR B 74% , B[R B D, & &ERKER
5%~1%. ZHXAREFEERFX (EFHE X)), -
BESTEHAR EFEUEY R E,.CLERAB A
&1 70%~80% ,NaJ2 EE N HE FZ—, s
EHE P EEEFHE R X H SRR IR
1 Fi7Ro
1.2 Rt EEE

ARETF 2010 48 1 H FF e iAme #h #17 Rlok 45
PKTEE , BE KBTS IR-9.5 °C, BEK B4 160 mm, #E7K
JEEA BN M RIEBIKE 3 A 2 H LEREKE
Bifk HAB SR, MBI+ EFZIR R, e R 5
WA, R B AR RN, AR E L R
b ¥ (T1) FR48 G Fh BB AL 3 (T2 ), DATCAWE+
BB FRAE R — %o BE(CK1) , A vk EE RN TE B /)N
XAEREE X BR(CK2), b IEE 3 IRER, L
RHET. /MK 4m 5 3 m, HEZEEETREL m,
= 0.5 m Y HZE, DRGNS A E % o

3 H 25 HEERISE3E B AR /NX, SR e
B 15 B E 40 cmx60 em, /N X R A AL
(15-15-15)0.75 kg, IR FHK G EN 943 g- L7, K
FF HCO; .C1~.S0% .Ca* \Mg>* Fll K*+Na*& &2 5 K4
0.14.2.74.3.25.0.09. 0.19 g+ L™ F12.91 g- L7, R {FiF
KBS GE VK, R IREEK , B4 H /D EoK 3 d
J& 58 B K B RIS IR T ESR . TEW I SRR
B, HREERE R R AN B 4 B SRAEARAE i R4 T

1 iR R SRR (%)

Table 1 Ions contents of the tested soil(% )

YR Depth/cm 4EbH Salt content HCOs Cl- SOy Ca* Mg* K*+Na*
0~5 1.395 0.012 0.724 0.110 0.033 0.040 0.412
5~20 1.136 0.029 0.513 0.072 0.020 0.022 0.312
20~40 0.910 0.041 0.408 0.100 0.012 0.015 0.285
40~60 0.781 0.029 0.400 0.051 0.013 0.015 0.253
60~80 0.821 0.026 0.426 0.054 0.015 0.018 0.262
80~100 0.800 0.026 0.442 0.060 0.017 0.018 0.202
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Table 2 Changes of soil salt in different treatments(% )

B R R] hb3 AR
0~5 cm 5~20 cm 20~40 cm 40~60 cm
2010-05-01 T1 0.68+0.17b 0.61+0.14¢ 0.71+0.17b 0.54+0.13b
T2 0.41+0.10¢ 0.46+0.12d 0.64+0.16b 0.52+0.14b
CK1 1.17+0.30a 0.87+0.22b 0.73+0.19abb 0.68+0.17a
CK2 1.27+0.32a 1.03+0.26a 0.83+ 0.20a 0.71+0.17a
2010-07-05 T1 0.53+0.13b 0.57+0.14b 0.68+0.17ab 0.56+0.15ab
T2 0.47+0.12b 0.51+0.15b 0.60+0.14b 0.49+0.12b
CK1 0.93+0.23a 0.86+0.22a 0.70+0.19ab 0.65+0.16a
CK2 1.02+0.28a 0.93+0.22a 0.76+0.19a 0.66+0.17a
2010-09-18 T1 0.50+0.14b 0.46+0.12b 0.64+0.16a 0.58+0.14b
T2 0.36+0.08¢ 0.41+0.10b 0.59+0.15a 0.52+0.13b
CK1 0.75+0.20a 0.69+0.17a 0.62+0.16a 0.55+0.14b
CK2 0.81+0.21a 0.75+0.20a 0.67+0.17a 0.69+0.18a
2010-11-23 T1 0.63+0.16¢ 0.61+0.15b 0.77+0.21ab 0.62+0.17ab
T2 0.58+0.15¢ 0.56+0.14b 0.69+0.19b 0.54+0.16b
CK1 0.89+.023b 0.84+0.21a 0.78+0.19ab 0.71+0.18a
CK2 1.02+0.23a 0.91+0.20a 0.81+0.19a 0.72+0.16a

E:FFIAR RN 2 B3 (P<0.05), TR,
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Table 3 Effect of different treatments on yields of Helianthus tuberosus L.

Ab3R PR/ Mg A FEFE/em HpkEE /g FER/t-hm?® BHESE/mgg? B EEmgg?
T1 23.2b 158b 465.4b 20.1b 531.0b 491.6b

T2 35.6a 179a 595.1a 25.7a 538.2b 499.0b

CK1 14.2¢ 137¢ 302.7¢ 13.1¢ 572.4a 543.4a

CK2 9.3d 121d 216.5d 9.4d 587.2a 555.5a

£ 4 FELEXIFHFE Na* K. CI-& 270 K/NaH) 500
Table 4 Effect of different treatments on Na*,K* and Cl- contents and K*/Na* in roots, stem and leaf of Helianthus tuberosus L.

o Na*/mmol -g™ DW K*/mmol - g DW Cl”/mmol -g™ DW K*/Na*
" E- i " E- i " E- i " E- i
T1 2.88¢ 1.92¢ 1.15¢ 1.01a 1.56a 1.99a 1.44b 0.86b 0.57b 0.69a 0.81b 0.62ab
T2 2.71¢ 1.57¢ 1.02¢ 1.06a 1.63a 2.06a 1.05¢ 0.76b 0.49b 0.76a 1.04a 0.73a
CK1 3.66b 2.99b 1.87b 0.71b 1.09b 1.43b 1.49b 1.39a 0.96a 0.3%b 0.36¢ 0.54bc
CK2 4.28a 3.65a 2.38a 0.74b 1.14b 1.45b 1.73a 1.48a 0.90a 0.34b 0.31c 0.45¢
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