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Synergistic Effects of Intercropping Echinochloa Frumentacea with Halophytes
on Soil Quality and Forage Yield in Saline-Alkali Land

DONG Peng-bo', GAO Wen-xiao', MA Jin-yan®’, SU Jing-jing’, GAO Zong-yuan', ZHANG Feng-ju”
(1. College of Agriculture, Ningxia University, Yinchuan, Ningxia 750021, China; 2. School of Ecology and Environment, Ningxia University,

Yinchuan, Ningxia 750021, China; 3. College of Forestry and Prataculture, Ningxia University, Yinchuan, Ningxia 750021, China)

Abstract: To explore the amelioration effect of intercropping salt-tolerant forage grasses with halophytes on
saline-alkali soils, a field experiment was conducted with four treatments: CK (monoculture of Echinochloa
frumentacea) , T, Cintercropping E. frumentacea with Suaeda salsa) , T, Cintercropping E. frumentacea with
Atriplex aucheri) and T, (intercropping E. frumentacea with Salicornia europaea). The synergistic effects of
intercropping different halophytes on soil quality and E. frumentacea yield were investigated. Compared with
CK, all the intercropping treatments significantly reduced bulk density (BD) , pH and total dissolved salts
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(TDS) in the 0~40 cm soil layer. The largest reductions (8.84%, 7.19% and 19. 86% , respectively) were
observed under T,. Soil total porosity (STP) , soil organic matter (SOM) , alkali-hydrolyzable nitrogen
(AN) , available phosphorus (AP) and readily available potassium (AK) were markedly increased, with T,
showing the greatest increments (13.38%, 26.02%, 60.01%, 26.46% and 22. 13%, respectively). Activi-
ties of soil urease (UE), invertase (INV) and catalase (CAT) rose by 48.86 %, 45.51% and 54.11% under
T,, providing a favorable soil environment for seedling emergence and growth of E. frumentacea. Grain yields
under T, T, and T; were significantly higher than that of CK, with increases of 55.71%, 40.01% and
20.95% , respectively. E. frumentacea yield was positively correlated with STP, soil fertility indices and
enzyme activities, and negatively correlated with BD and salinity-alkalinity indicators. The soil quality index
(SQD calculated from the full dataset ranked the treatments as T,>T,>T,>CK. In conclusion, intercropping
E. frumentacea with S. salsa is the optimal pattern for improving saline-alkali soil quality and crop productiv-
ity, and can serve as an effective biological amelioration measure in the Ningxia Yellow River irrigation district

and similar ecological regions.

Key words: Saline-alkali soil; Halophytes; Crop yield ; Intercropping ; Soil quality assessment
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Table 1 Basic physicochemical properties of soil in the experimental site in 2023
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Fig.4 Effects of intercropping halophytes on the eight major water-soluble salt ions in soil

BEREEYN TEFEIHNE N

] 1 & A AF P A B 2 s T SR R
(P<<0.05) (K 5), 7£0~20 cm £ 2,5 CK# I,
T, M T, A3 B E e T AR S &<
0.05), 20 SR 17 32.11%,15. 64 % , H T, 4b F 4%
R B B LT T.(P<<0.05), 1 T, 4 5 CK J&
WEMEREEL, T, T,/ T A B EREG T+
6 190l R R RO L HAKCBR A i (P<<0. 05D, oA i
filt B o B> BT T 68.48%,45.18%,15.41% 5
BSR4y AR R T 25.34%,9.80% ,4.86% 5
RS R T 29.01%,14.80%,8.72% .
I E FEW R T, >T,>T,>CK, 7 20~
40 cm W RJZ , 5 CKAHEL, T, M T A B w1
A HLE & (P<<0.05), 4F S8 @ 1 19.93%,
16.89% , 1 T Ab P CK JC i Pk 22 57 s b Abh, &5 4k

2.3

BT - S A 2R A K R R R R TR
3 (P<C0.05) , H oo fi A & & 4 5l g 1
51.54% ,14.99% ,7. 13% s A3 %W & it 43 54 & T
27.58% ,13.52% ,5.63% ; AR & o i T
15.25%,10.48%,12. 28 % . &M 5 , [ 1E# 4
MW RE A RCHE T A HEAE g, b DL TR] AR B i e 3%
(T D RO e .

2.4 [EMEEL A E YT 1 15 A WD BEIE SN
23— HE K TR R A A 2 A M O A5 3
BEERE(P<0.05(F6), f£0~20cmEZE, 5
CKAI, T, T,5 T Ab B B F 5 T + R g |
A i 4R Ak U TG M (P<<0. 05) , 1 1 Y FRl 43 51
M 9.11%~47.57%, 6.92%~48.26%, 11.93% ~
39.89% , Horr T, A B 2 T i B fe K, T, A T, 4 B



%7 YT T A5 < 300 T T - A ) T X 8 Ot 5 A k) P (] i T 2667

0~20 cm 20~40 cm 0~20 cm 20~40 cm
6 60
a | —~
- o a
PR | 2 sof
B . g 2
=41 1 S -
qt‘: | % 40 c
£ ! E d
L23r I S 30 0
(=] —_
;) i 2
O2F 1 § 20
1| ! = 10l
T | o 10
! Z
0 L 0
CK T, T, T, CK T, T, T, CK T, T, T, CK T, T, T,
0~20 cm 20~40 cm 0~20 cm 20~40 cm
=6 ~ 100
o T a
i) on |
st % b '
) E80r ¢
%] < I
Ear E ] !
s g oor :
2 2
= 3F a !
[} <L |
2 £ 40f .
=2F = |
<
> Z 1
< = 20} |
glr N |
X 5 !
'@3 0 iﬁﬁ 0 1
CK T, T, T, CK T, T, T, CK T, T, T, CK T, T, T,

Kb Treatment
Es5 BEMEREEYI TEFSUFN
Fig. 5 Effects of intercropping halophytes on soil nutrient properties
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Fig. 6 Effects of intercropping halophytes on soil enzymatic activities
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Table 2 Common factor variance and weight of soil quality evaluation indicators

fobi 0~20 cm 20~40 cm sobi 0~20 cm 20~40 cm
e ABETHZE ORE AETHZE  ORE | et ARTHE RE ARTHE K&
Communality ~ Weight ~ Communality ~ Weight Communality ~ Weight ~ Communality ~ Weight
BD 0.998 0.057 0.970 0.056 K" 0.774 0.044 0.880 0.051
STP 0.979 0.056 0.970 0.056 Na™ 0.920 0.053 0.979 0.056
pH 0.997 0.069 0.986 0.057 SOM 0.941 0.054 0.926 0.053
TDS 0.885 0.061 0.985 0.057 AN 0.970 0.055 0.925 0.053
COy 0.962 0.055 0.889 0.051 AP 0.863 0.049 0.659 0.038
HCO4 0.924 0.053 0.914 0.053 AK 0.956 0.054 0.943 0.054
Cl 0.713 0.041 0.863 0.050 UE 0.980 0.056 0.994 0.057
SO, 0.879 0.050 0.846 0.049 INV 0.933 0.053 0.892 0.051
Ca”™" 0.909 0.052 0.876 0.051 CAT 0.963 0.055 0.949 0.054
Mg* 0.858 0.049 0.904 0.052

EBD RRA M STP RN BALBLL s TDS 7R 23k 4t s SOM R 7R A HLIT s AN e 7m Bl it % ; AP 78 A 2Bl 5 AK 7R M0 s UE i ik

i s INV 2278 M s CAT 268 5 A 1k & i

Note: BD represents bulk density ; STP represents Total porosity ; TDS represents Total dissolved salt; SOM represents Organic matter; AN

represents Available nitrogen; AP represents Available phosphorus; AK represents Available potassium; UE represents Urease; INV represents

Invertase; CAT represents Catalase
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Fig. 7 Effects of intercropping halophytes on 0~40 c¢m soil indicator scores and soil quality index
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Note:BD represents bulk density ; STP represents Total porosity ; TDS represents Total dissolved salt; SOM represents Organic matter; AN repre-

sents Available nitrogen; AP represents Available phosphorus; AK represents Available potassium; UE represents Urease; INV represents Inver-

tase; CAT represents Catalase , the same as below
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Fig. 8 Effects of intercropping halophytes on the growth and yield of Echinochloa frumentacea
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Fig.9 Redundancy analysis (RDA) of Echinochloa frumentacea yield and soil quality in relation to soil

physicochemical properties
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Note: Arrows represent environmental and response variables, and the arrow length reflects the contribution of each variable to the ordination

axes. The angle between arrows indicates the correlation between variables, with acute angles representing positive correlations and obtuse angles

representing negative correlations; smaller angles indicate stronger correlations
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Fig. 10 Relationship between Echinochloa frumentacea yield and soil quality index (SQI)

) b e A E R R AL B AR UK BE G b T80 T
T ER M B E ) AR Ab B X A o 2 R IR IR
(8. 84000 K AL BE 42 T (13. 380400 JL y W 2%, itk
— B RAE TR ZR 5 AR Z AR W AR 454 AN 7 T
XEMZ AR E R, LA YL R R
i R AR ) R SCBEFR AR . ORI AE ISR
AR A W e HE A - R AR OB RN AT P R B O R
Bl b R i AR A A RS R,
FAAEARLE , 55 46 A A8 1A/ BB J 25 32 55 0~40 em
TIEMA YL S A B R AR B

A1) P BT CCKO 18] 14 5 3t i 32 188 A B o =32 ] LA
3 R R BILJ R AR A R R
B, X 5 Wang S5 50RAE AR B ST 4 R —
B —Jrim, AP EENE RO Na®, Cl S5 Eh 2
BT REAR 3B i e, (2 2 2R 0 0 5 TR I AR R
FAL T A R LB SOk A B fE

NIRRT S WA EA R 55 —T5
T, 6 A2 4B WA 2R 23 A AT HILIR A5 05 TR W B, T i
Wy &l 5 A 97 03 s IR R A 1 2 BE A 1 Cln 181 607
fift Wl TR D I T A LT R B AR SR A A 3 AR



2672 ¥ o ¥ #® 34 %

0~20 cm 20~40 cm

Pearson’s r

0.5

/K P{H Mantel’s P
@ <=0.001
® 0.001<x<0.01
© 0.01<x<0.05
0 >0.05
| Mantel’s correlation
coefficient(r)
-_— =()5
— 0.25~0.5
— <0.25

OO0 o|oje 0|00

11 #HEBRFFEMIERES TR Mantel 136 5 47
Fig. 11 Mantel test analysis of the relationships between Echinochloa frumentacea yield and soil quality with soil properties
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Note: ER represents Emergence rate;*, **, and *** indicate significance at P<<0. 05, P<C0. 01, and P<<0. 001, respectively
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Fig. 12 Partial least squares path modeling (PL.S-PM) illustrating the effects of environmental factors on Echinochloa frumen-

tace yield and soil quality
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