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A review on the improvement of salt-affected soil nutrients by Elaeagnus angustifolia L.
WU Hai-wen'*, YANG Xiu-yan', WANG Ji-ping'®, LIU Zheng-xiang'~>, ZHU Jian-feng'*,
ZHANG Hua-xin">" ('Research Center of Saline and Alkali Land of National Forestry and Grass-
land Administration , Beijing 100091, China; *Tianjin Forestry Research Institute of Chinese Acad-
emy of Forestry, Tianjin 300270, China).

Abstract: Planting multi-purpose and salt-tolerant tree species is one of the most effective ways
for ecological restoration of salt-affected soil, with great ecological and economic benefits. Elaeag-
nus angustifolia L. is a representative tree species as a pioneer species for ecological restoration of
salt-affected soil in China. E. angustifolia can significantly improve nuirient concentrations in
salt-affected soil, with the mechanism underlying nutrient transport being still unclear. Based on
the analysis of geographical distribution and climatic adaptability, we summarized the degree and
ways of improving nutrient status in salt-affected soil by E. angustifolia from the aspects of soil
nutrient increase, biological N-fixation, leaf litter and fine root decomposition. We quantitatively
elaborated the key processes of nutrient transport and the effect of soil salinity, giving a straight-
forward understanding of the positive effects of E. angustifolia on salt-affected soil. E. angustifolia
was distributed in most salt-affected areas of China, with great geographical and climatic adapta-
bility. E. angustifolia had high salt tolerance, and could significantly increase nutrient content,
especially N content, in moderate and severe saline-alkali soils. The prominent fertilization effect
of E. angustifolia attributed to its efficient biological N-fixation and rapid litter and fine root
decomposition, which release a large amount of N into soil in a short time, thus rapidly improving
soil fertility. The processes of biological N-fixation and nutrient release were affected by soil salin-
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ity. Further studies of nutrient transport mechanism of E. angustifolia in salt-affected soil should

focus on the long-term positioning monitoring with nitrogen cycle as the kernel, and the combina-

tion of qualitative and quantitative research for salt types and E. angustifolia provenances. Precise

understanding of the mechanism, pathway and function of E. angustifolia on improving salt-affect-

ed soil nutrients is helpful to establish the mechanism model of soil improvement by tree species

represented by E. angustifolia from the perspective of nutrient management, which provides sci-

entific support for precise ecological restoration and vegetation construction for salt-affected soils.

Key words: biological N-fixation; litter; fine root; decomposition; nutrient release; soil fertility

improvement ; ecological restoration.
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ik 2.73%10"3E 6 ( Qadir et al.,2014) . FKE AL
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VI IX A A 2 R B R Bl B T ARG 9.913 x 107
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RUPERYTER B AE N 13 ¢ - kg™, 2978 225 mmol -
L7 (FBFFRAE,2017) , WHATEE X SR A b A AFF 55 6
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VA ARG A LTI T 44.53% , & H& N T
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kg « hm™ AN [F] 4 % 19 10 AR [ R AE 24 ~ 514
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FPHTEY B 49.6% ~ 100% ( 5 7KA15E,2000)
P AT ARAREEAE 8 A U 7 ) 7 ik U 34 3 Y B
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R BIVPAORR T iR AU IR S MRS TE R 5%,
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R T AR AR T AR % C/N S 16.7,
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SRS FRRN 58.5% ; AR AF ¥ A= 7= 71 151,99 ¢ -
m” i AR SE TR A L B AT LB R 34.79
g - m” AARIAR A L R R 1.43 W I T Rl b AR
SRR 3 (F K A, 2014 TEARBE A5, 2018) , X
gk L] WHER R E AR, ok, A fig
% LU [R]85 2510 1 A B EUR Rl L1 T 2 3% 47
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RRANE e R N WA 2O o i B AR T
I (LR B 2012; F i 4,2016) , B H2EL
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4.4 FRIRAAE X AR 53 1 5

H R, X8 75 0 R AI AR 5 fidk (4 52 0 PR ik 52
S TR IR, R A S S AR R 5
e A AR 2, A RFR R, — e u R
AR FE AR ORI T 00 2 ik R R Ao v DU 4 ) AR
H (Singh et al.,2014; Khamzina et al.,2016) , Jia 4§
(2015) BIWF5E L3 W], Na Bt = 5 Na 53 ZHAF] T
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AR R R b (4 o f st e B, T e %
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IR B A B N7 AVD A AR A SR Bt A 2 1
SRR R A ALYy SRl 2E 25 1B
FERAE AR AR A0

%k
PREHI, B &, B, 55 2014, YARAEFH ORI TER 681

XA B Y. MO RN, 43(1)  6-10.

HEA ) SEIRAS , ZRHEVL, 4. 2009. LLZR G R AT ER 4
FIFRATHFAE B X AR AL T B2 R AR AE 44, 21(4) .
290-295

WO, WIKE, BER, & 2017, AS[EEETE o Eh
AR S SR RO Bl BEE, 34(5) ¢ 932-942.

o, JEATE. 1990, Y PHIRA T A S, HiiAlb
BHE, (2): 36-39.

ERETR , TRCEE TR EAR. 2017, AS [R]85 B X Vb A TAK 4
HERE iz, ILPE MOl B, 46(4) :22-23, 34.

2 B W, THH, %2013, 4 AER AR R R
AN o1 N I | e O T Rl = R B T
29(15) . 89-92.

A R, T TR 1997, YACHTI R 7 5 E A BRE.
BdrpkRlaE, (1) 17-21, 25.

ZARABH, FEEEE, FE W, %. 2017, Sk AR G mih + 5
BITRIERIE 0. iR E IS ELR, 47(6) : 36—
40.

XIS, BEEH, 25 BH, 2. 2015. K HIEE H X ORI
5 H A2+ A AP R A b RIS K22 417
HRBIERR, 35(1) ; 84-87.

XU/INE, ZEA0 , M Hads, 45, 2003. JdbAE VeI Eh i 1 5
iR Y 3R R AR B BF ST, P AR S A 2E IR,

11(2) . 76-77.

XUTEHRE, BAEF, SRAEHT. 2017, £RPM30 X V0 24 A 1734 47
WG E S . A% 4RE, 36(12): 3501 -
3509.

JEOGEE K M, X B, 4 2015, ER G VD REARR [ AR K
WRZE L EA ST Lo RIL B2, 43(4) . 324-
326.

FEMET O JE R, W E S 2014, PR B AR X I T
AN R e e 0p o TN AL TR N = o R S P A e
J,(9): 37-43.

WKE, BEE, W, & 2017, HIYIRR R i K R
YrFnaE A= 4 X Y i N LB AF 5T E R Bl 2R AR,
26(2): 107-207.

R, LR, BRIERE, 2. 2012. R RAEMATEY 2 iy
K RIS RS YA R s . A S, 36 (1),
1197-1204.

LRE, LR BUNE. 2017, REITFEE VAR Yy 450



B SR VDA R SR A IS

3533

ARG HT. HoRbOL R, 42(4) . 21-27, 31.

ZOM, REME, B, % 2016, HEMEIR M B AR T
POMREY A ) i K IR A o A A AE. P bR 2R B 2R 4R
31(4) . 147-152.

Mgl Sk Biiba, 45 2011, B I RS
PRt A Ao R AR RE . AEZSAHR, 31(20) ; 6072-6079.

BFARAS, mJTAR. 2003, VO, s EE 254, (S1): 154-
155.

TEMRDR, Ml 25, Fff, 25 2018. = T B RIM YR
TEAARSTER DAL B R . B SR B A M2, 24(6) .
1229-1235.

FOB T B, SRR, 4 2016, TIEYI MRS AR K
HIAEAEA. MolkRl2=, 52(4) . 101-109.

Tk, B, SRR, 2. 2014, VAR A TREVEAIARE S
AR, TR, 37(3) . 548-554.

BB, sV, XIERE, 45 2017, $hMhA T VAR A
REHI A FE e gT. Mol B2 8E5E, 30(6): 985-
992.

SRMT, b, SR, 25 2000. ZEAKTE K WIAE S .
TP K224, 22(3) ¢ 405-410.

BHINT. 2016, $hA ALY AE B = £ I e v SR ma s 2 Ak Y
N FREAAFSE (B8 30) . 2% INARAR R

W T, AR, X . 2012, 16 AREFRER A R MR K
TR A BURRE. WiV AR AR K 2243, 29(5) : 744-
754.

WREIE, BESEYE, TEIRUE. 2011, I PG P It TS [ 3 48k e
R A AR, HR O R, (1) 27-30.

T H, I 1995, EEMFER TR - VA E MR AR, LT
Mok BHE, (6) . 12-16.

T F, SR, MBSO, 5. 1998, TEIEER BRI B PR Al
BRI, I TR, (2): 17-19, 50.

TEGHE, A 2R, 2009. VAR P BUR. RIEFER B
248 16(2) . 46-50.

SUTERG. 2010. T PR4E VG £ 38 5RO RR 1 A 3% 43 4R 00 43 At
(WE2AE30) . K& RALIRTE K.

gR/NA ) AL 2001, FRARAIAR A= 7= F R Fe w58 . Mol B
2 37(3). 126-138.

TR ZAE P, L B 2018, AR A AT D AE
A3 AT DX s ) TR0 R AR A 2E R, 29(10) : 3213-
3220.

TRIEFFE. 2018, PIb 5 X SR A 245 20 B A ol by BL43 A 5 5 4
& BT (A8 30) . dbnt, hERERE R,

WG, M5 F, EEO, 2. 2005. 40K A oE K HAETE
By AR A, 22(2) ; 246-254.

SR, BRI, R, . 2008, JAIERE X R B AR
FRERRATSE. ol B, 34(2) . 25-27, 31.

aed e A, 4L, 4. 2017, EhOHHL I B ST IR K
R LR B, 45(18) . 7-10.

B}, TEE, Tk, 5. 2013, Wi WIEX -G
FRIERGY. 4E e, 44(2) . 454- 458.

HWERL, K B, A5 £, & 2017, [F—FhIE B RS
NaC1 Jp3e (9 i 7 B i 26 B . Ve 255, (4) . 143-
149.

SeEE | WIREE, RABEL, % 2018. Tk EEL ML LHTST I

JE S R, RO, 31(4) : 70-75.

REM, BRER, X B, 4. 2005, THEERIET 4 FlEARA:
KAFHHRBBIE. PR, (1): 1-4, 17.

Bermudez de Castro F, Aranda Y, Schmitz MF. 1990. Acety-
lene-reducing activity and nitrogen inputs in a bluff of Elae-
agnus angustifolia L. Orisis, 5. 85-89.

Chmura GL, Anisfeld SC, Cahoon DR, et al. 2003. Global car-
bon sequestration in tidal, saline wetland soils. Global Bio-
geochemical Cycles, 17 1-22.

Connolly CT, Sobczak WV, Findlay SEG. 2013. Field and labo-
ratory investigations on the effects of salinity on decomposi-
tion dynamics among the Hudson River’s freshwater tidal
wetlands. Section I; 1-23// Fernald SH, Yozzo DJ, An-
dreyko H, eds. Final Reports of the Tibor T. Polgar Fellow-
ship Program, 2012. Hudson River Foundation.

DeCant JP. 2008. Russian olive, Elaeagnus angustifolia, alters
patterns in soil nitrogen pools along the Rio Grande River,
New Mexico, USA. Wetlands, 28 896-904.

Djumaeva D, Lamers JPA, Martius C, et al. 2010. Quantifica-
tion of symbiotic nitrogen fixation by Elaeagnus angustifolia
L. on salt-affected irrigated croplands using two >N isotopic
methods. Nutrient Cycling in Agroecosystems, 88. 329 —
339.

Domenacha AM, Moiroud A, Jocteur-monrozier L. 1994. Leaf
carbon and nitrogen constituents of some actinorhizal tree
species. Soil Biology and Biochemistry, 26: 649-653.

Enescu CM. 2018. Russian olive ( Elaeagnus angustifolia 1.) ;
A multipurpose species with an important role in land recla-
mation. Current Trends in Natural Sciences, 7: 54—60.

Farzaeia MH, Bahramsoltanic R, Abbasabadia Z, et al. 2015. A
comprehensive review on phytochemical and pharmacologi-
cal aspects of Elaeagnus angustifolia L. Journal of Pharma-
cy and Pharmacology, 67 1467-1480.

Follstad Shah JJ, Harner MJ, Tibbets TM. 2010. Elaeagnus
angustifolia elevates soil inorganic nitrogen pools in riparian
ecosystems. Ecosystems, 13: 46-61.

Gholz HL, Fisher RF. 1985. Nutrient dynamics in slash pine
plantation ecosystems. Ecology, 66: 647-659.

Harner MJ, Crenshaw CL, Abelho M, et al. 2009. Decomposi-
tion of leaf litter from a native tree and an actinorhizal inva-
sive across riparian habitats. Ecological Applications, 19
1135-1146.

Hasanuzzaman M, Nahar K, Mahabub Alam M, et al. 2014.
Potential use of halophytes to remediate saline soils.
BioMed Research International, 2014 . Article ID 589341.
http://dx.doi.org/10.1155/2014/589341.

Jia Y, Kong X, Weiser MD, et al. 2015. Sodium limits litter
decomposition rates in a subtropical forest: Additional tests
of the sodium ecosystem respiration hypothesis. Applied Soil
Ecology, 93. 98-104.

Jo I, Fridley JD, Frank DA. 2016. More of the same? In situ
leaf and root decomposition rates do not vary between 80
native and nonnative deciduous forest species. New Phytolo-
gist, 209, 115-122.



3534

EREAE OE3IRE FE 11

Karavin N, Yalman E, Kizir Z, et al. 2016. Variation in leaf lit-
ter decomposition rate according to salinity and water regime
in Juglans regia L. International Journal of Advanced Research
in Biological Sciences, 3. 158-162.

Katz G. 2016. Russian olive biology, invasion, and ecological
impacts in western North America. ERDC TN-EMRRP-ER-
2, US Army Engineer Research and Development Center
Vicksburg, MS, United States.

Katz G. Shafroth P. 2003. Biology, ecology and management of
Elaeagnus angustifolia 1. (Russian Olive) in western north
America. Wetlands, 23 . 763-7717.

Khamzina A, Lamers JPA, Vlek PLG. 2009. Nitrogen fixation
by Elaeagnus angustifolia in the reclamation of degraded
croplands of Central Asia. Tree Physiology, 29 799-808.

Khamzina A. Lamers JPA, Martius C. 2016. Above- and below-
ground litter stocks and decay at a multispecies afforestation
site on arid, saline soil. Nutrient Cycling in Agroecosys-
tems, 104, 187-199.

Lamers JPA, Bobojonov I, Khamzina A, et al. 2008. Financial
analysis of small-scale forests in the Amu Darya Lowlands
of rural Uzbekistan. Forests, Trees and Livelihoods, 18
373-386.

Lamers JPA, Martius C, Khamzina A, et al. 2010. Green foli-
age decomposition in tree plantations on degraded, irrigated
croplands in Uzbekistan, Central Asia. Nutrient Cycling in
Agroecosystems, 87 249-260.

Liu Z, Zhu J, Yang X, et al. 2018. Growth performance, organ-
level ionic relations and organic osmoregulation of Elaeag-
nus angustifolia in response to salt stress. PLoS ONE, 13.
€0191552 .

Mendelssohn TA | Sorrellb BK, Brix H, et al. 1999. Controls on
soil cellulose decomposition along a salinity gradient in a
Phragmites australis wetland in Denmark. Aquatic Botany,
64 . 381-398.

Ngom M, Oshone R, Diagne N, et al. 2016. Tolerance to envi-
ronmental stress by the nitrogen-fixing actinobacterium

Frankia and its role in actinorhizal plants adaptation. Sym-

biosis, 70, 17-29.

Qadir M, Quillérou E, Nangia V. 2014. Economics of salt-
induced land degradation and restoration. Natural Resources
Forum: A United Nations Sustainable Development Journal,
38. 282-295.

Qi Y, LiJ, Chen C. 2018. Adaptive growth response of exotic
Elaeagnus angustifolia L. to indigenous saline soil and its
beneficial effects on the soil system in the Yellow River
Delta, China. Trees, 32, 1723-1735.

Simons SB, Seastedt TR. 1999. Decomposition and nitrogen
release from foliage of Cottonwood ( Populus delioides) and
Russian-olive ( Elaeagnus angustifolia ) in a riparian
ecosystem. The Southwestern Naturalist, 44: 256-260.

Singh K, Trivedi P, Singh G, et al. 2014. Effect of different leaf
litters on carbon, nitrogen and microbial activities of sodic
soils. Land Degradation and Development, 27 . 1215-1226.

Srivastava A, Mishra AK. 2014. Regulation of nitrogen metabo-
lism in salt tolerant and salt sensitivity Frankia strains.
Indian Journal of Experimental Biology, 52: 352-358.

Stagg CL., Baustian MM, Perry CL, et al. 2018. Direct and
indirect controls on organic matter decomposition in four
coastal wetland communities along a landscape salinity
gradient. Journal of Ecology, 106. 655-670.

Wong VNL, Greene RSB, Dalal RC, et al. 2010. Soil carbon
dynamics in saline and sodic soils: A review. Soil Use and
Management , 26; 2—11.

Zhang X, Li G, Du S. 2018. Simulating the potential distribu-
tion of Elaeagnus angustifolia L. based on climatic con-
straints in China. Ecological Engineering, 113, 27-34.

Zhao K, Harris PJC. 1992. Effect of salt stress on nodulation
and nitrogenase activity in Elaeagnus angustifolia. Niirogen

Fixing Tree Research Reporis, 10, 165-166.

fEFEN R, 20,1979 A A, By BEEAESY 51, DF 5T
J5 0 R Eh i A= 54655 . E-mail ; auhheaven@ 163.com
HEEE FRT




