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In the left plot, the

different lowercase letters in the same cluster mean significant difference at the level of 5% and in the right plot the different lowercase

letters mean significant difference at the level of 5% between treatments. L0%M: Low salinity ( 2.68 g kg™ salinity ) +0% water retaining

controlled—release fertilizer ( WRCRF ) ;

L1%M: Low salinity (2.68 g kg™' salinity ) +1% WRCRF;

L2%M: Low salinity (2.68 g kg™

salinity ) +2% WRCRF; L4%M: Low salinity ( 2.68 ¢ kgil salinity ) +4% WRCRF; H0%M: High salinity (4.68 ¢ kgfl salinity ) +0%

WRCRF; H1%M: High salinity (4.68 g kg™ salinity ) +1% WRCRF; H2%M: High salinity (4.68 g kg™’

salinity ) +2% WRCRF;

H4%M: High salinity (4.68 g kg 'salinity ) +4% WRCRF. The same below
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Fig. 2 Effects of WRCRF on leaf temperature of rice seedlings under low salt stress
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Fig. 3 Effects of WRCRF on contents of N, P, K in shoots and roots of rice seedlings under low salinity
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Fig. 4 Effects of WRCRF on contents of N, P, K in shoots and roots of rice seedlings under high salt stress for 20 d

F1 RPIBTERBX K FE L) 8 R R REBBIZ 0
Table 1 Effects of WRCRF on transport factor ( TF ) of N, P and K in rice seedlings under salt stress
Ak B ] b3 $:38 Z KU Translocation factor
Treatment time Treatment N P K
40 d L0%M 1.16 £ 0.08¢ 3.24+0.14a 1.18 £ 0.06b
L1%M 1.55+0.11a 2.29 £ 0.08¢ 1.52 £ 0.08a
L2%M 1.43 £ 0.10b 2.41 £ 0.08be 1.57 £ 0.06a
L49%M 1.26 £ 0.07¢ 2.49 £ 0.10b 1.62 £ 0.09a
80 d L0%M 1.24 £ 0.06a 2.15+0.07b 1.63 £ 0.07a
L1%M 1.20 £ 0.08a 3.05+0.11a 1.73 £ 0.08a
L2%M 1.03 £ 0.05b 3.12+0.08a 1.64 £ 0.05a
L4%M 1.02 £ 0.06b 3.06 £ 0.09a 1.60 £ 0.07a
40 d HO0%M 1.50 £ 0.08a 2.81+0.11b 3.21£0.14a
H1%M 1.45£0.07a 3.28 +0.12a 3.28+0.12a
H2%M 1.37 £ 0.05a 3.30 +£0.10a 2.74 £ 0.12b
H4%M 1.38 £ 0.09a 3.19+0.13a 2.19+0.11¢

e A AF/NE FRELERAEFRE 223 B3 (p<0.05) Note: The different lowercase letters in the same column mean

significant difference at the level of 5%

80 d, MEFIELEAE, P-TFWE FFb; mihihaTF,
FEFP40 d, it 3L AE A 5 3 m R RR A P-TF . 1%
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b BWEME T, FEF40 d, 5L A B B AR
TR K-TF
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NaWl @ EJF, JUHIEH B3, Nakhiz R Al R
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Fig. 5 Effects of matrix fertilizer on contents of Na in shootsand roots of rice seedlings under low salt stress
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Fig. 6 Effects of WRCRF on Na translocation coefficient and Sy, of rice seedlings under salt stress

http: //pedologica. issas. ac. cn



1322 + tid

¥l

53 %

il JFH T 4 AR S ., I R R ROIE T G 9
SR (R RS R R, R A T A
FERES . oo JFBEE BE OB LB, FEBR S .
W EREL (El6) .

3 i i

Jiti FH AT} AT i s V40 A T 6 1 DL 3 Sk i 4
W Luo% 20 BIF ST £5 W38 T TG b NI 5+ 8 o
IMNE 35 2 e AR AR A i A= G, > b =[]
Bl FH AR A A R T M SR T S B
HusseinZs ' BESR R, AT, SMGRER —
A8, WA SRR, RS EAR R, Sima
a2V IR0 R AN BE IR A, WA
HEREZ BT EEPE . Sarangi % 221 R+ FEA
it FH JCALAE AN A HLAE , ] S 35 48 UK R 4 1 1 A=
K, EmHEM NS, RMKERIAER -4
b b7 B SCHRAR G B R, kAR AT R R AEFRATT— IR
Jiti P A S 0 TR 38 SR AR R 4 7 R R e 0 O
T, WK RGBT & EAGE L R
Whge Lo W, AN R R SR B M AR K R (ZL
2012 1 0400570.0 ) 1T LLBH I A2 i 7K R 41 W AR 3R 2R
KAkE . #am A tax o deE sk <LIR
i, RIEAIER, FEH KRR, A
AR AE AR, e yrsht:, K, Xx—
NERFAS IMIA B)4% , SOREL R . AWF5d, &
Jih 3T 5 T TS T K A 1 e R I B A 2R A A B
FHICRHEC b ry B m B, AR E o, BEE
FEFTIEEC Ly A, KA AR I R R R, T
BRI S O R W], BT, RIS R
Be b iy LT, KRR AR A £8 15 B 2 A, (A5 Hont
AR R, ZBECR L, MzEB ks
SRR TS, XA R
I 157 F) o

LuoZs "V WEENAL,, B4R HE T AR AL FIZE
NAYRL B i 4 38w it NI = Ak T HAR N
Fo WREAE G, WA R T NTE T A 28 E
MRS o TAS A5 rp {2 B & A KN
P, KFMZREIEE D, thha T, FEEmRD
Jite FHE G BT, KR Ml L SR AR SN 3
b, EARER G T 40 d, B LTI i 0 1
i, MOk Z 0 BTN R AR BAEK RS, R4t

FH8O d, X —RLA B BH R m R E IR At .
SimaZ ' BESE R WL A T AMINBERR — S8, W
BARERET A P& . Hussein ) &9,
RN, A it B R SUER W AR O R SR A R
MABRLPN, P AR, $Hria TR
JIES it AS B 8 K R AR R AR Y i P i, IR
B, AN, Pl EiRiE R R ET
R, AR AT REZ i TR ER M a T R AR 1 Pl = JF AN ™
&5, R0 PHR BRI . kA 5 Ha
FisF () ) 22 K R0 £ JpiR 38 5 B RO, AR R SR PR,
PRz 80 % F Tt

A HF K1 W2 WA T K/ N a2 - e 25 6 A 4 A 358
THAKIEHEZE S Luo 0 BHENIE & 1
R INNAE, B E IR ENa S &, $2 Sk
K/Na, M2 &5 AR AL RO T Rk . SimaZF ' BF5E
RO ER W T AN B R AT, B REACOR
PRI Na . BRI KATCL, 45 55 A AR i K/
Nao Liu% 2 g AR A WO R ok RLI45 o 18
18 R4 28300 (Y MC LA, w88 ndh + EEh A
¥ (Salicornia europaea ) HERIIK. Cafrig, [
KNafr &, MWmife#FEh MK, Aok,
e, HBREMOKFEAEMNag &, 7
fRERR AT, BEE 2 FIEEC Ly 38 m, B4R
AR FEERVE T, Nafe M0 Y 0 & & i T B, 3%
MK Nalfhic ZECAW T B s e T, WA
FEFLEC L g3, Naffiz REHRW L, A&
WA, SR E N, W Nad R R, &R
JIES P it FH) T G B A R AR AR R o3 Tl P R
LERER A AW G N B S, KR, MR
M b ERER S BB I, FBUERAAR ST
X—ENS ATUUE W, KT, WA
FE AL AC L r 3, ) b b R B B s K g
AW BT mimEmER e R, ARy T SRR
g AR DI BE, 1) i _ P e B M e i K g ) A K
TR, R 2B ELFEmET, X1
W, e efF AR b g B R AE KIS .
HE ) 75 35 W38 5 4 45 B 09 Sk B Rl L s &
L5 2 i R RD VR B L ) e s B T M R R T A
5L X PR, AR T REAL A RO
R A0 SO RN R R AR s M, 4
FEAR R KW WS RN i s e 6k, DT 4 s 2 25 Ay
i,

http: //pedologica. issas. ac. cn



5 14

ATREIE ST PROK ZEREAL XS ER P38 T K RSB 5 0 3R 70 e ) i1 4

1323

4 4

®

£ 38 T A1 it UK 5 b AR K BB E (ZL
2012 1 0400570.0 ) , 1 LA S 45 = 7K R &0y i s
ERARTE AN, P KW, Va5 Hi iz R
Naf LR, JFR K is ; LA T,
JE 0T 0 R T KR 4 R AR S K B s
B, MERFRNME TR, DA K R A R
(AT

2 % XM

[1]

[4]

[5]

[7]

WO, SRATME, kAR, . IR LIE AL
B /N AP G R IR, 2015, 52 (2) -
461—466

Xie W J, Zhang Y P, Zhang M, et al. Relationships
between soil physicochemical properties and wheat
production in coastal saline soil (In Chinese ) . Acta
Pedologica Sinica, 2015, 52 (2) : 461—466

Garg N, Pandey R. Effectiveness of native and exotic
arbuscular mycorrhizal fungi on nutrient uptake and ion
homeostasis in salt-stressed Cajanus cajan L. ( Mill
sp.) genotypes. Mycorrhiza, 2015, 25: 165—180
Plaut Z, Edelstein M, Ben-Hur M. Overcoming salinity
barriers to crop production using traditional methods.
Critical Reviews in Plant Sciences, 2013, 32 (4) :
250—291

Maathuis F' J M, Ahmad I, Patishtan J. Regulation of
Na” fluxes in plants. Frontiers in Plant Science, 2014,
5, article 467: 1—9

Liu J L, Gao H L, Wang X Y, et al. Effects of 24-
epibrassinolide on plant growth, osmotic regulation and
ion homeostasis of salt-stressed canola. Plant Biology,
2014, 16: 440—450

Dikilitas M, Karakas S. Salts as potential environmental
pollutants, their types, effects on plants and
approaches for their phytoremediation//Ashraf M,
Ozturk M, Ahmad MSA. Plant adaptation and
phytoremediation. London: Springer, 2010: 357—381
Duman F. Uptake of mineral elements during abiotic
stresses //Ahmad P, Prasad MNV. Abiotic stress
responses in plants: Metabolism, productivity and
sustainability. New York, Dordrecht, Heidelberg,
London: Springer, 2012: 267 —281

Vaneeckhaute C, Ghekiere G, Michels E, et al.
Assessing nutrient use efficiency and environmental
pressure of macronutrients in biobased mineral

fertilizers: A review of recent advances and best

[9]

[10]

[11]

[12]

[14]

[15]

[16]

[17]

practices at field scale. Advances in Agronomy, 2014,
128 (1) : 137—180

Luo Z, Kong X Q, Dai J L, et al. Soil plus foliar
nitrogen application increases cotton growth and salinity
tolerance. Journal of Plant Nutrition, 2015, 38 (3) :
443—455

R, KR, BRI, 55 b E TOK XS EBEEIE
FE A BAURHRC T B9, H3E4i, 2015, 52 (4) -
802—817

Wu L Q, WuL, Cui Z L, et al. Basic NPK fertilizer
recommendation and fertilizer formula for maize
production regions in China (In Chinese ) . Acta
Pedologica Sinica, 2015, 52 (4) : 802—817
XVHEE, TOTAE, AR, SF. ORI A Ak BEE A R —
PRZEX Mg /N - R i M LR A fe B, &
B, 2015, 47 (1) : 42—48

Liu Y L, Ding FJ, GuD Y, et al. Characteristics of
wheat— maize yield and soil organic carbon/nitrogen
mineralization in cinnamon soil with application of
different activation humic acid-urea (In Chinese ) .
Soils, 2015, 47 (1) : 42—48

Shavit U, Reiss M, Shaviv A. Wetting mechanisms
of gel-based controlled-release fertilizers. Journal of
Controlled Release, 2003, 88 (1) : 71—83

Azeem B, KuShaari K, Man Z B, et al. Review on
materials and methods to produce controlled release
coated urea fertilizer. Journal of Controlled Release,
2014, 181: 11—21

FRPRTE, SASE, X5, . SR T AL £
HEREAN Ay 3, 2015, 47 (1) : 68—73

DuZ Y, MaB Y, Liu F C, et al. Response of
winter jujube ( Zizyphus jujuba Mill. cv. Zhanhua )
to potassium applied intosoil under salt stress ( In
Chinese ) . Soils, 2015, 47 (1) : 68—73

BHZ, FARM, R, . BURCRER bR K 2R
L/ LEF=J5 . ZL 2012 1 0400570. 0. 2013-01-16

Jin BY, Zhang D L, Guan Y X, et al. Manufacturing
process of granular saline-soil fertility of water retaining
and slowly-release (In Chinese) . ZL 2012 1 0400570.
0.2013-01-16

PNERE, X, RE, % ORGSR LA T KA
AR A FHER . 224k, 2016, 53 (3)
197—207

Sun Z G, Liu R, Wu H, et al. Effects of water
retaining slowly-release fertilizer on growth and
photosynthesis of rice plants (In Chinese ) . Acta
Pedologica Sinica, 2016, 53 (3) : 197—207
84 H. e Al Ar. dbst: shE gL R, 2000

Bao S D. Soil and agricultural chemistryanalysis ( In

http: //pedologica. issas. ac. cn



1324 + 1 2 Eile 53 %

Chinese ) . Beijing: China AgriculturePress, 2000 Interactive effects of salinity and phosphorus nutrition
(18] Ehifg, X, HHFIF, % RE AR Rl on physiological responses of two barley species. Journal
A A A PR PR RO S F A TRAL . AR S, 2015, of Plant Nutrition, 2012, 35 (9) : 1411—1428
35(6) : 1837—1844 [22] Sarangi S K, Maji B, Singh S, et al. Improved nursery
Ma M, Liu R, Zheng C F, et al. Regulation of management further enhances the productivity of stress-
exogenous brassinosteroid on growth of salt-stressed tolerant rice varieties in coastal rainfed lowlands. Field
canola seedlings and its physiological mechanism ( In Crops Research, 2015, 174 (1) : 61—70
Chinese ) . Acta Ecologica Sinica, 2015, 35 (6) : [23] Liu L P, Long X H, Shao H B, et al. Ameliorants
1837—1844 improve saline-alkaline soils on a large scale in northern
[19] Fan M L, Bie Z L, Krumbein A, et al. Salinity stress Jiangsu Province, China. Ecological Engineering,
in tomatoes can be alleviated by grafting and potassium 2015, 81: 328—334
depending on the rootstock and K-concentration [24] Han Y, Yin S Y, Huang L. Towards plant salinity
employed. Scientia Horticulturae, 2011, 30 (3) : tolerance-implications from ion transporters and
615—623 biochemical regulation. Plant Growth Regulation,
[20] Hussein M M, Abdel-Kader A A, Kady K A, et al. 2015, 76 (1) : 13—23
Sorghum response to foliar application of phosphorus [25] XuCX, MaY P, Liu Y L, et al. Effects of silicon
and potassium with saline water irrigation. Journal of (Si) on growth, quality and ionic homeostasis of aloe
Crop Improvement, 2010, 24 (4) . 324—336 under salt stress. South African Journal of Botany,
[21] Sima N A K K, Ahmad S T, Alitabar R A, et al. 2015, 98: 26—36

Regulation of Water Retaining Controlled-Release Fertilizer on Distribution of
Mineral Elements in Rice Plants under Salt Stress

ZHAO Haiyan' SUN Zhiguo' GUAN Yongxiang” LI Ganghua® ZHENG Qingsong'’

LIANG Yonghong” LUO Zhaohui' JIN Baiyun®
(1 College of Resources and Environmental Science, Nanjing Agricultural University, Nanjing 210095, China )

(2 Jiangsu Station of Cultivate-land Qualitative and Agro-Environmental Protection, Nanjing 210036, China )
(3 College of Agriculture, Nanjing Agricultural University, Nanjing 210095, China )

(4 Jiangsu NongshengAgricultural Waste Recycling Co., Ltd., Changzhou, Jiangsu 213153, China )

Abstract [ Objective] Fertilizer, especially chemical fertilizer, contributes significantly to the
modern agricultural production. However, in recent years, fertilizer consumption has been increasing
exponentially throughout the world and, as a result, causing a series of serious environmental problems.
The invention and use of water retaining controlled-release fertilizer ( WRCRF ) is a promising approach to
improving utilization of the water resources and fertilizer nutrients, and pursuing sustainable development of
the environment and agriculture. Some fertilizers can also be used to alleviate salt stress of crop plants, such
as urea, manure, etc. However, little has been reported on application of WRCRF to plants under salt stress.
Recently, a study has been done finding that application of WRCRF ( ZL 2012 1 0400570.0 ) may improve
salt tolerance of rice seedlings significantly, which may be attributed to its effects on root growth, content of
leaf chlorophyll, photosynthesis and water use efficiency. [Method] To validate the finding a pot experiment
was carried out on effects of WRCRF on leaf length, leaf temperature, and absorption and translocation of N,
P, K, Na of rice seedlings under salt stress for 20, 40 and 80 d, separately. Rice seeds were sown in pots
filled with natural soil, 2.68 g kg™' in salinity. Twenty days later, half of the pots were amended with sodium
chloride ( NaCl ) through irrigation to make the soil up to 4.68 g kg™ in salinity. WRCRF was applied at 0,
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1, 2and 4 gkg™', separately to the pots. [Result] Results show as follows. ( 1) Maximum leaf length of the
rice seedlings increased with application rate of WRCRF regardless of salt stress and duration of treatment.
WRCRF application decreased leaf surface temperature of the rice plants under salt stress, and the higher
the application rate of WRCRF, the higher the effect. However, the plants gradually died of high salinity.
(2) The fertilizer increased the contents of N, P and K in the plants under salt stress, but lowered the
content of Na. Besides, it increased the translocation factor ( N-TF ) of N and K from root to shoot in the
plants, under low salt stress for 40 d, but lowered that of P and Na, which suggests that application of
WRCRF significantly enhanced the plants’ ability of selective adsorption of K and Na ( S¢. y,) . However,
in the plants under low salt stress for 80 d, the applicationsignificantly lowered N-TF, P-TF and Na-
TF, but raised K-TF and S¢ y,, while in the plants under high salt stress, it did not have much effect on
N-TF, but raised P-TF and Na-TF and significantly lowered K-TF and S y,. (3) Na content in the roots
was significantly higher than that in the shoot of the plants under salt stress, and Na content in the plants
increased very markedly with rising salt stress, especially in the shoot of the rice, indicating that Na-TF
increased with rising salt stress. Application of the fertilizer decreased Na content in the plants under salt
stress, and Na-TF, too, which suggests that the fertilizer decreased not only Na content in the plants,
but also Na translocation to the shoot. However, in the plants under high salt stress, the fertilizer increased
Na-TF of the plants, which suggests that the fertilizer decreased Na content in the plants, but enhanced
Na translocation to shoot of the plants. And (4 ) the application of WRCRF increased K and Na selective
translocation coefficient ( Sy y,) of the plants under low salt stress, and Sg_y, increasing with rising fertilizer
application rate, which suggests that the fertilizer enhanced selective K translocation to shoot under low
salt stress. However, the application of WRCRF decreased Si_, of the plants under high salt stress, and
it did with rising fertilizer application rate. [Conclusion] To sum up, rice plants applied with WRCRF
(ZL 2012 1 0400570.0 ) under low salt stress significantly increased N, P, K absorption, decreased Na
accumulation, enhanced selective K translocation to shoot, and maintained better ion homeostasis, thus,
improving their salt tolerance. However, the plants under high salt stress, though applied with WRCRF ( ZL
2012 1 0400570.0) , significantly lowered their selective K translocation to shoot, and ion homeostasis,
and hence gradually withered.

Key words Water retaining controlled-release fertilizer; Rice seedlings; NPK; Sodium (Na) ; Ion

homeostasis; Translocation
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