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Effects of salinization on soil physicochemical characteristics
and agronomic traits in arid oasis
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Abstract: In atiempt to study effects of farmland salinization on soil physicochemical properties and agronomic
traits, dry matter accumulations and yields of one-growing-season of representative forage ( Medicago sativa L.) and ce-
real ( Hordeum wvulgare L.) were studied in field conditions in Hexi Corridor of West China. The results showed that:
(1) In the depth of 0 ~ 20 cm, along with the salinization gradients, soil bulk density in forage was increased by 3%,
4.54% , 8.62% , 9.96% , No soil bulk density change was observed in cereal, but its soil organic matter was signifi-
cantly decreased, and the decrease rate in the depth of 0 ~ 10 cm was faster than that in the depth of 10 ~ 20 cm; (2)
When soil salinity level equal to or higher than moderate salinization level, ear length, grain number and straw weight of
barley plant were significantly affected. Salinity at flowering, early ear formation and grain-filling stages reduced both
grain and straw yields. When soil salinity level equal to or higher than slightly salinization gradient, plant height, length
of main and secondary branch, and tap root diameter of alfalfa plant were decreased. In conclusion, based on the agro-
nomic traits and the different impact of salinization on these two crops at different growth stages, water and salt need to be
regulated and controlled and proper cultural practices need to be employed to maintain, stabilize, and increase crop yield
in saline environment.
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Table 1 The soil salinity average ( ECp) of different salinization gradients in different soil profiles/{dS*m~')

T2 K% Barley Frtith B Alfalfa 3500
Soil depth Abandoned Abandened
/em CK st s2 s3 CK S1 s2 s3 field
0~5 1.40 2.76 4.92 9.88 1.62 2.47 5.53 10.73 24.74
5~10 1.77 2.92 3.56 4.81 14.20 1.87 2.35 7.39 10.02 16.57
10~ 20 2.27 2.80 2.98 4.21 11.13 1.9 2.76 6.79 6.62 11.98
20 ~ 40 2.58 3.31 3.56 3.92 18.46 2.29 2.75 5.83 6.35 16.56
40~ 60 2.55 2.96 2.42 3.53 15.85 2.45 2.90 6.24 5.93 16.80
60 ~ 80 2.23 1.88 1.64 3.77 17.82 2.68 3.06 6.08 5.63 16.45
80 ~ 100 2.04 2.50 1.97 3.23 17.20 2.94 3.16 5.54 5.70 14.92
100 ~ 120 2.03 2.30 1.95 3.09 9.52 3.11 3.28 5.25 6.25 10.31
F#1H Mean 2.11 2.68 2.87 4.56 15.60 2.37 2.84 6.08 7.16 16.04

RN EEEFENS RS MHEEN 1o
x 1 m B S EAE, E Sf E= B KEREA
BB 1 mx 1 m B 7 57 1N B, 451 0 2 47k A
FEATEEE,

TRAE AR E, EESNHEO -~
5,5~10,10 ~ 20,20 ~ 40,40 ~ 60,60 ~ 80,80 ~ 100 F
100 ~ 120 em A A I WE , BE3KER. L3
B /& F WET sensor ] € o
1.4 ®E&it

FIH Excel 1 SPSS15.0 #4754 &b B A1 48 i1 4>
o

2 HRE5a
2.1 RERBL T WBULMHR R

2.1.1 A EPILME +HAFTETEES
EErz —, E55 2 - EYHEEENILRE B

1 3% % & Soil bulk density/(g * cm™)
1.15 1.25 1.35 1.45
0 T 1

20

R E FE Soil depth/cm
S o 'S
(=1 [= (=2 (=]

—
3
(=]

| (B Alfalfa

—_—
o~
<

BE K GREESHEAX, AE/N,ZH
THEEM B, S RES, AREHAREE L
BEENELERLA 1,

ME 1a " THEH , EEEH, 5 CKHEL, RAFEEH
BUBEEO~20cm tEHR T BEAESHHMT
3% ,4.54% ,8.62% ,9.96% ;20 ~ 60 cm + 2 A
HMRF25H8 S3>S1>CK>82> F#f, X
ZH, 5 CK AL, AR BB E 0~20 cm L2
TEABESANEM -1%,10.92% ,6.19% ,10.9%;
20~60 cm +E T WATHAF 25K S3> 82> CK
>S1> FHfH,

2.1.2 2BEE AEHFEREEELEEENE

HRWE2, EXEM, HFEM 5.10.20 cm L 24,

THEBEGH B ERK KD, 5 CK MK, 7S

emt B AL, A R] B4k 86 B L IR A 4 B0 T RE
1 3% % F Soil bulk density/(g * cm”)

1.12 1.32 1.52 1.72
0 T T )

20

40|

60

80

100

1 1% % B Soil depth/cm

120

140 L (b)X % Barley

—e-CK =Sl -«S2 -0-S3 -3} Abandoned field

| FRAFABEIREENNEEEST

Fig.1 The alternation of soil bulk density in soil profile under different salinization gradients









Table 3 The effect of salinization on agronomic traits and dry matter accumulations of alfalfa at different growth stages

£33 ITRBEUADMEEELFHREERNTHRVRAOEW

- e BFE BEFE (gplant ) WE ohHE EEEE . BHK RAREK RS BRK O EREE
Growing ﬁ JEA Totail Ty welg Pl‘ant Leaves .Stem Twigs per ]..ength of Length of Node nufnber Length of Diameter of
Salinization dry weight height number diameter main branch secondary of main tap root tap root
stage gradients  /(geplant™!) Mt Leave 2 Stem 4R Root Jem per plant /mm plant /em branch/cm branch /em /mm
cK 6.78a 2252 3.32a  1.2la 27.02A  70.59A  2.30A 3.78a  32.68a 29.99 9.15a 28.67a 3.83
BRAEKHY s1 3.68b 1.05b  1.69b  0.94ab  24.02A  56.33AB  [.91AB  2.66ab  24.52b 21.79b 9.15a 24.22ab 2.58b
Veff;;we 2 2.33b 0.69b  1.03b  0.62bc  15.40B  47.89B 1.73AB  2.23b  16.4lc 13.63c 8.33a 24.11ab 2.42b
$3 1.76b 0.685  0.77b  0.3lc  14.75B  43.11B 1.42B 2.06b  16.3lc 13.28¢ 7.74a 20.44b 1.84b
CK 9.13a 2.65a  4.65a  1.83a  74.07A  328.53 3.17A 3.96a  71.93A 68.53A 15.96a 42.33a 6.13A
REZIS It st 5.60b 1.38  3.185  1.04ab  51.23B  194.11ab  2.56AB  3.26ab  50.91B 45.22B 13.37b 35.76b 4.498
EE::Z Ei:fr:;?f s2 2.75be 0.87be  1.17c  0.71b  35.63C  179.17ab  1.87B 2.8l 36.70C 27.24C 10.81c 29.13b 3.61BC
s3 1.6l 0.47c  0.46d  0.68h  20.47D  125.33b 1.83B 2.70b  21.80D 11.29D 9.19c 24.90c 2.84C
cK 9.94a 2352 4.73a  2.86a  49.26a  113.40a 2.73 8.10a  49.13a 44.80a 9.57a 56.44a 8.79
BRAEKH s1 6.71a 1.57ab  3.06ab  2.08ab  43.69a  106.37a 2.59 6.47a  43.87a 38.57a 9.17a 50.96a 7.83a
Vef::ve 2 3.96b 0.8  1.66bc  1.46b 35096  73.90b 1.89b 6.3 34.07b 29.07b 7.93a 41.25b 6.12b
$3 2.73b 0.6sb  1.0lc  1.07b  20.34c  69.60b 1.33¢ 5.97a  21.83¢ 17.77c 5.47b 35.66¢ 4.49¢
cK 37.12a 8.32a  17.85a  10.95a  78.00A  333.42a 2.98a 11.98a  74.00a 68.00a 18.00a 78.00a 9.34a
REZCIS B st 19. 14ab 6.36b  8.155  4.63b  66.90B  245.00b 2.93 10.65a  51.00b 43.44b 14.22b 70.67b 8.33b
<$hil§eﬂ,°§;'lﬁ) s2 12.45he 3.97bc  5.9%bc  2.4%bc  63.97C  239.33bc  2.38b 9.11ab  36.90c 28.20¢ 11.09c 67.00b 8.16b
s3 9.49 3.0l 4.83c  1.65c  51.4D  224.47c 1.56¢ 6.43b  25.44d 13.40d 9.33c 61.00c 7.91c
CK 22,05 2,624  5.87a  13.56a  28.80a  89.67a 2.68a 13.23a  32.44a 28.67a 6.11a 80.99a 11.30a
ERERM sl 11.29ab 1.5a  3.39ab  6.33b 20276 76.50b 1.89b  12.70a  27.33b 24.78b 5.89b 76.45a 10.32a
Veff;;:ve s2 8.10b 1.55a  1.41b  S.l4bc  16.3lc  61.33c 1.84b 9.67b  21.00c 17.17c 5.83b 70.42b 8.27b
$3 6.96b 1.54a  1.185  4.24c  10.89d  54.56d 1.33¢ 9.13b  19.6lc 11.30d 4.14c 66.00b 8.01b
CK 37.35a 7.04a  16.14a  14.17a  78.7%  178.00a 2.98  26.1la  69.9a 62.97a 10.40a 82.56a 13.12a
REACI T s1 23.10b 5.69ab  7.91b  9.50ab  63.88b  162.80a 2.93a 15.67b  62.07a 55.63a 9.57a 81.89a 10.37ab
(Egiytzifg_"x&; s2 17.27be 3.7%be  5.44bc  8.11b  39.5lc  136.70b 2.38p  10.33b  47.03b 41.73b 9.13ab 79.94a 8.49
s3 13.17¢ 2.64c  4.04c  6.49b  32.34d  107.40b 1.57c 9.46b  33.63c 27.43¢ 7.70b 70.81a 8.27b

B RA—FREEHAFSNAEZAREBEER(P>0.05), XEFHRRAERRBE(P<0.0D), MEFBRFTEREE(P<0.05),

Note: Values in each column with the same letter had no significant difference at 0.05 level, capital letters indicated very significant difference at P < 0.01, small letters indicated significant difference at P <0.05.
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51.92%, E8 K 0 91K 24. 97%, 49. 19%,
50.09 % , B K WAL 43 B FEAK 27.36% ,54.56%
55.73% (K 4a), F—EHTES CK #Ht,S1.92 #
S3HIBRE B EMAIKT 30.84%,51.9%,72.36% , £
KK PEIET 29.22% ,48.98% ,69.69% , B Al
BKFEIKT 34.01%,60.25% 1 83.53% (& 4b),
BOHERES CKHMLE,S1.92 1S3 ERKMEKX
ik B EREMT 31.08%,50.14%, 65. 62% Fi
36.12%,58.53% ,80.29% (H 4¢c), HEZHERS
CKAHI,S1.S2 1S3 ERER BEMEKT720.96%,
35.29% ,36.97% , ¥k & 5 A B 1K 18.92% ,49.85%,
58.95% , 7 BLE B & PR 39.98%, 60. 44% F

63.77% (F 44d) .

MFE 4B 4 TUER EXREZSFEMIRNH,
5 CK 1,S1.52 f1 S3 KEKRGS M E XM 8 FREK
T 25.79% ,36.49% ,48.36% 1 20.85% ,23.02%,
33.14% (B 4e); TEZHH, 5 CK |6,51.52 f1 S3 K
EHREMEZHEERMIKT 27.43%,52.55%,
69.83% 1 23.26% ,24.31% ,32.33% (8 4f) ; 76 LB
W, 5 CKH,S1.2f1 3 REMBEERRKT
4.93% ,43.87%,49.34% , K 8 E 1% 9.82%,
48.53% ,53.3% , BN B E MK 12.15% ,50.07%
54.73% (B 4g), XEHLBEFHLEEFREWAEE
FHEKBMEERKMER BB BRI

R4 IMERUMAZEETHREURADTURRROEM

Table 4 The effect of salinization on agronomic traits and dry matter accumulations of barley at different growth stages

BTE T . -t . *
*EFH Total Dry weight of tissues . Secondary  HI¥X B
B . Plant Leaves Stem Main ear
Growth 777, dry weight N . ear Number of Number of
Salinization height number  diameter  length . .
stage adient /(g g % i ! P lant 7 / length  grains per grains per
gracients plant~')  Leave Stem Root Ear em  perplan m em /em main ear secondary ear
CK 2.49a 0.95a 0.55a 0.99a 16.17a  7.62a 2.77a
SERTHY
Tillering S1 1.96a 0.8ab 0.39ab 0.76a 12.00b 6.10a 2.19a
and jointing s 1.67a  0.67b 0.35b 0.66a 10.27b  6.07a  2.13a
stage
o8 S3 1.37b 0.43¢ 0.34b 0.59a 8.35¢ 4.23a 1.85a
CK 8.39a 2.39a  4.07a 1.92a 57.74a  13.90a 2.87a
fm@ SI  5.94ab 1.26ab 2.89a 1.79% 41.90b 11.80a  2.20ab
ooting
stage S2 5.14ab 1.22b 2.21a 1.71a 27.40bc 10.76a 2.17b
S3 2.40b 1.03b 0.65a 0.72b 17.42¢ 8.68a 1.94b
CK 6.54a 0.46a 1.74a 0.99a 3.35a 72.07a 7.34a 2.83a 7.13A 4.17a 20.83a 13.20a
Grain S1 5.02a 0.4ab 1.22b 0.7lab 2.69a 68.52a 5.90a 2.53b  6.43A 2.00a 18.30b 6.00a
filling and s2 3.40b  0.29b 0.89bc 0.47bc 1.74b 40.45b 5.57a 2.35c 3.67B  0.97a  10.40c  4.50a
mature stage
o S3 2.42b  0.28b 0.62¢ 0.19¢ 1.32b 36.51b 5.53a 2.20c 3.33B 0.87a 9.43¢ 2.72a

E:R-FIAFAERATENEZAREBEER(P>0.05), XEFHBERERREE(P<0.01), NEFFEREREE(P<0.05),

Note: Values in each column with the same letter had no significam difference at 0.05 level, capital letiers indicated very significant difference at P < 0.01,

small letters indicated significant difference at P < 0.05.
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CKE S1. 2 M S3MEREHMENTESHIFRKT
53.33%, 69.33%, 69. 78% F 48.89%, 69. 1%,
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82.26% 1 31.61% ,74.84% ,90.11% (& 5b); % —
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Fig.4 The decreasing ratio of plant agronomic traits at different salinization stages
HoHE: () BHREKS, b) 5%, (o B2FH, (O B=F;, k& (o) PREMERYH, (D 28M,; (p) EERRE. THEH.
Note: Alfalfa: (a) Vegetative stage, (b) First-cut, (c) Second-cut, (d) Third-cut; Barley: (e) Tillering and jointing stage, (f) Booting stage, (g) Grain

filling and mature stage. Hereinafier the same.
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Fig.5 The decreasing ratio of plant dry weight and dry weight of tissues at different salinization stages
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FTRBXRYFR

£31 %

ER/ETHELE, HHEYHR/ ZTELR
BB E AT RSB, X RS RAE
Vit EHSERNERMKFHRTHG. FEITE
HEEREREKH S ENE _ER/ETE
HEARRRAREREFAEEZ(P>0.05), %
B/ X TEHAE CK.S1M S2 23345 S3 5%
REE(P<0.05); AKEERH M/ ETHELE
ARBEFHBEHERAEE,

2.5 FEANFEHBERNBEISN

B _HEMEHEEE, 5 CKMHHL,S1.82
SSEHEM™BRIXT 51.49% ,67.23%,88.17%;
30.93%,59.48%,72.36% M 17.25% ,42. 17%,
70.77%(F 5). SRR K& . EREK R

KMIREENBERES NG 3 M ERHTEBR
RABE(r 25120 0.914,0.893,0.904,0.881, P <
0.01)(% 6).

KEAFR T BRAMEF ™8, 7 CK F1S2 1S3 [7]
HWERBFIREEKF, 5 CK H,S1.52 f1 3 kF
MR =B ABEF=EMRMKT 4.69%,53.87%,
59% M 0.26% ,58.16% ,60.53% (¥ 5)., S EH,
HR-EMTIEK BRAEARERITNTER R
EHHEME(r 250 0.86,0.74,0.74, P <0.01),
XU BB AENITFLE ZRAEREEEN
BW, KERHTFEAKAE EXERAEEENHM
F*tE(r=0.88,p<0.01;r=0.66,p <0.05)(F7),

£5 FARFABEETRREZN~R
Table 5 The yields of alfalfa and barley in different salinization gradients

K% Barley BiE Alfalfa
WAL B =
Salinization =8 AR E—# ¥ ET=%
gradients Grain yield Straw yield First-cut Second-cut Third-cut
/(g*m™?) /(g-m~?) /(gm~%) /(grm™?) g'm™?)
CK 745.71a 2533 .3a 2656.5a 3002.7a 2086.7a
S1 710.76a 2526.7a 1288.5b 1803.6b 1726.7a
S2 344.03b 1060b 870.65b 1216.7¢ 1206.7b
S3 306.16b 1000b 314.18¢ 830.0¢ 610c
RSN EEHRTFINEZAREBEER(P<0.05) (ISD &),
Note: Values in each column with the same letter are not significantly different at the 0. 05 level.
®6 AEFEMSFRAERDGRXES
Table 6 The partial correlation coefficient between yield and yield parameters in alfalfa
wh S T EETH O TEER e UMM rEEG
Wg HK Plant § main Dgnt d Node number of ta Twics per Leaves Stem
Item Cutting time height o secondary of main P g p number diameter
/ branch branch branch root plant Jant )
cm o Jem ranc] /un per plan mm
pampeg B A Fistont 0.927" 0.94"" 0.927" 0.83" " 0.92"" 0.73°°  0.63° 0.69"
Shoot yield % % Second-cut 0.86" " 0.87"" 0.89"" 0.82"" 0.90" " 0.37 0.74"" 0.80""
R
7Em) E=# Thidew 0,977 0.87"" 0.90"" 0.78" " 0.82"°  0.83"" 0.4 0.82""
T x x "RNEEEFRR(P<0.0D)," " REBEHER(P <0.05),
Note: “* * " means very significant correlation at the 0.01 level, “ # " means significant correlation at the 0.05 level.
®7 KEFBNBREZENREXRENR
Table 7 The partial correlation coefficient between yield and yield parameters in barley
EE : P
=
I+ Plant ¢ . Main ear Number of vy we,l Stem Secondary Number of
Yield height number Tiller length i of grains diameter length K .
1€l eigl of basal sumber engt! grm-ns per per plant ame! ear lengt grains pe;
/em /em main ear /mm /em secondary ear
stem /g
ﬂﬁ?ﬁ% 0.92"° 0.70" 0.40 0.8 0.74" " 0.74" " 0.727 0.28 0.26
Grain yield
%ﬂ‘ﬁé 0.88" " 0.75"" 0.45 0.74"" 0.64" " 0.65" 0.66" 0.27
Straw yield

E:x « "RRBEEMAR(P<0.01)." *»” FREEME(P <0.05),

Note: “ * * " means very significant correlation at the 0.0! level, “ = * means significant correlation at the 0.05 level.



%34 *

E:TREMARBHEFTMAXN L RBABERR ZHTENER 193

3 4 ®

ERBEEFLF, LRHFRBELTIUAH LR
EE—ZRENES. £0~20cm +E, +WAE
FEIEBAL A R RZ S I, + MILBR A MM LA
PR B ERMRE,FH 0~ 10 cm +ERBRERRTF 10~
20 em £, 80 & HE I 4 77 A0 BER K F 8 T RE
1%, LA B, B TR

FERTLS R, A £ 3 A 85 B AR 1R 4
F, M EMR R RO AR,
MTREY EFRUBEES TRA T ERBRMLK
Fof, KEMKORK BRRABEHEZNEEY
W) 5 26 FF 76 B RE AN R SO0 64 3 B BR S R PR
BRHEERHTR, SREVHEL BRLEEST
RETEERFUKEN , HERRO%E E0E
RHNEREESZ TN, #WFBRE- RN
K. B, R Ao, PR ERAEYER R
ALK B R A B 0 3 R 347 48 R Bk 2 18
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