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Abstract: Improvement of soil fertility in saline-alkali farmland is a key indicator of the improvement and high-quality

development of saline-alkali land. This research investigated the effects of summer cover cropping on soil fertility in
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saline-alkali farmland of the Yellow River Delta. A field experiment was conducted at the Yellow River Delta Saline-
Alkali Agro-ecosystem Observation and Research Station, which is affiliated with the Yantai Institute of Coastal
Zone Research, Chinese Academy of Sciences. Two levels of soil salinity were established : light salinity (0.2% )
and moderate salinity (0.4%). Three crop rotation systems were used: sorghum-sudangrass hybrid (Sorghum
bicolor X Sorghum sudanense) -winter wheat (Triticum aestivum) (HW) , sesbania (Sesbania cannabina) -winter
wheat (SW), and summer maize (Zea mays)-winter wheat (MW ), resulting in six treatments with three replicates
each. The local traditional summer maize-winter wheat rotation was utilized as the control. The present study
investigated the effects of soil salinity levels and summer cover crop types on the soil fertility index (SFI) of the
subsequent winter wheat crop. It was found that under light salinity, SFIin HW and SW increased by 46. 24 % and
19.98%, respectively, at sowing stage, and by 8.61% and 7.12%, respectively, at regreening stage, compared
with MW. At maturity stage, HW showed an increase of 14. 29% compared to MW. Under moderate salinity, SFI
in HW at sowing stage was 14. 67 % higher than that in MW. For a given rotation system, HW exhibited a higher
SFI at sowing stage under light than under moderate salinity, whereas MW showed a higher SFI at maturity stage
under moderate than under light salinity. SFI was significantly positively correlated with soil available phosphorus,
nitrate nitrogen, ammonium nitrogen, total nitrogen, total phosphorus, and total potassium, and significantly
negatively correlated with soil salinity. Overall, both the sorghum-sudangrass hybrid-winter wheat and sesbania-
winter wheat rotations improved soil fertility in lightly saline farmland and can be considered suitable rotation patterns
for the amelioration of saline-alkali land in the Yellow River Delta.
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Table 1 Soil index classification standards

Gre pH  &ihs HEAHLR 2R R o BER HER R TR
Classifi- Salt Soil organic Total Total Total Ammonium Nitrate Available Available
cation content matter nitrogen  phosphorus  potassium nitrogen nitrogen phosphorus potassium
(%) (g-kg ) (g'kg ) (gkg D) (g'kg ) (mgkg ") (mg-kg (mg-kg ) (mg-kg )
8.5 4 10 0.75 0.4 5 1 5 3 40
7.5 2 20 1.50 0.6 20 5 25 10 100
X 6.5 1 30 2.00 1.0 25 10 50 20 150
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Table 2 Variance analysis of soil pH, salt content and available nutrients in each treatment of winter wheat under different salt levels

#% 2% % Ammonium nitrogen i 25 % Nitrate nitrogen # % # Available phosphorus # %4 Available potassium

2 £ & Salt content

F{§
F value

pH

¥

Pl
P value

F{§
F value

P1H

P value

F{§
F value

P4

F{§
P value

F value

Pt

P value

F§
F value

P
P value

Pl

P value

F1{H§

F value

Factors

26.311  <Z0.001#** 0.058 0.811 1.803 0.186 0.436 0.512 0.711 0. 403

0. 001

13.799

+ 3248 43 K Soil salinity level (SS)

0. 001 ** 4.644 0. 014 5.213 0. 009

18.899

0. 0071 *x*

7.485

0.578 0. 847 0.435

0. 555

H WP Types of summer cover crops (TC)

8. 713 0.035* 141. 668 <20.001**  16.722 0.011* 97. 337 <20. 001 ** 1.601 0.308

0. 008**

20. 149

= F W] Growth period (P)

0. 081 0.923 0.070 0.932 3.737 0.031* 3.447 0. 040%* 5. 886 0. 005%*

0.719

0.333

SSXTC

1.596 0. 309

0. 003#*

6. 205 0. 059 0.222 0.810 40. 485 0. 002%* 34.029

0.882

0.129

SSXP

73.591 0. 001 ** 1.030 0.448

216.909 <20. 001 #x* 3.398 0. 066

0. 150

2.278

0.815

0.382

TCXP

0. 586

0.299 0. 747

T R K E S R Y AL | e SR 3 K X R R B SR AT 2 B U R U5 22 4 W, A Ol 3 TR AN U 28 3 A, + 3R OR P<C0. 05, #+ 3R P<C0. 01, F I,

2.128 0.169 1.747 0.307 22.187  <<0.001%** 1.464

0.472

0. 886

SSXTCXP

Soil salinity level, types of summer

cover crops, and soil salinity level X types of summer cover crops are analyzed by two-factor analysis of variance, while the rest are analyzed by three-factor repeated measures analysis of variance, * indicates P<<

** indicates P<C0. 01, the same below.

0.05,
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Fig. 3 Soil available nutrient contents in winter wheat under different salinity levels for each treatment

2.1.3 X/NENLEARERKS RERSKTPRMEFESEDRAA &N E TP & B A W5
(P<<0.05),%F TN FI TK & R FZ I W 0 (P>0.05) . A FHIRH&/NE + 8 TN R TK & & 5 A W 055
i (P<<0.01) , %f TP &t AR B Z W (P>0.05), HIEIHMKVFH5EBEEEY R AR L
O35 R 22 AR X e A B R Ay A RER R B B E R (P>>0.05) , E B s AW S A F WY
ZEHAE AU 5 TP & A B (P<<0.05), R K BB S YA EFW -4 EEH
Xf - HE A i IR R R I W S (P=>0. 05, % 3)
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xR3 AEAHENTELEZNENTEL2ERFS BUR.TERABHRAEST
Table 3 Variance analysis of soil total nutrients, organic matter and soil fertility index of winter wheat under different salt levels

in each treatment

T o L gl A LR AL T3 48 %
Factors Total nitrogen Total phosphorus Total potassium Soil organic matter Soil fertility index
FlE P{E FlE PlE FlE P{H FlE P FlE Pa
F value P value Fvalue Pvalue Fvalue Pvalue Fvalue Pvalue F value P value
+ ek 43 7K 7 Soil salinity level (SS) 0.222 0. 640 4.664  0.036* 1.171  0.285 0.482 0.492 3.560 0.067
B 7 B AEYZE T Types of summer 0.595 0.556 4.093  0.023*  0.862  0.429 2.720  0.079  29.897 <<0.001*x

cover crops (TC)

B W] Growth period (P) 148. 607 <20.001*%+  2.725  0.179 30.551  0.004*%+  0.566 0.573 23.487  <C0.001%x*
SSXTC 0.331 0.720 1.196  0.311 0.014  0.986 0.145 0. 866 11.063  <<0.001%*
SSXP 1.457 0. 335 4.862  0.085 2.437 0.203 0.114 0.893 3.987 0.027%*
TCXP 0.031 0.983 5.165  0.024* 1.763  0.281 0.092 0.984 8.470  <C0.001*x*
SSXTCXP 0.477 0.627 1.349  0.332 0.258  0.868 0.073 0. 990 2.053 0.107
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Fig. 4 Soil total nutrient contents during the winter wheat under different salinity levels for each treatment
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2.1.4 Z/NEMHEANE  HHEIEAKT EEE SRR AA T LB Z R AR =S
] 19 58 B AR FXE 4 /NEE 1 SOM & fE B R R I b 352 (P>>0. 05,3 3) .
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Fig.5 Soil organic matter contents during the winter wheat under different salinity levels for each treatment

2.2 A KRR IHH

H AR TR A & W DL R W 038 BAEFE 3R 5y KOV I B s AR W 25 T 0 38 AR L 3R 4y
IKF-F0 A A 0 28 B XS A/ 2 1 - S IE ) 45 BOR A 35 B 3 52 e (P<<0. 05, P<<0. 01) , T3k 43 /K1
VA B =35 (28 BAE FA 4 /N 22 1 - 3ENE D1 38 BOR R B0 352 i (P=>0. 05,3 3) .

BREEER YT 3BT HW AR BEAY SFT R 3 i MW b 2L, 35 R AN 3R 75 3 SW AR BE A SFIT R 3 /T MW 4b
B HW Ab B B G SFT 2 5 T U], SW I MW Ab B R 75 191 5 35 05 T 3% A 401 Aol bl (181 6) 0w i 2 4%
LM HW-S £ 3R SFT R 3555 T MW-S Zb 31, SW-S 4b B A T 9 3% 22 ] HL25 58 3%, HOAY I 30 4% kb 3 2 1]
JC o % 22 5 s MW =S Ak B0 FR 75 101 /Y SFTIR 25 = THERN Y . HW A PREE RN AY SFTR UM R E R /- & &
Frh EEER 4, MW -S kb B AU 1 SFT R vh B 3600 B 2%/ TR E R .
2.3 LN IEH G AT A4 K ST

& 7 fF %, SFI 5 AP (R=0.294) .NH, -N(R=0. 371) \NO, -N(R=0.607) . TN(R=0.495) . TP(R=
0.286) . TK(R=0.303) it 3 IEAH X (P<<0. 05) , H B 5 NO, -N Ry s #H & (R™>0.5) LA, H AR 55 40 & (R<<
0.5). SFI 5 Salt(R=—0.308) & 3 7 A1 & (P<<0.05) . FRZIRRW, L HELRG M 5 AU & it
(TN F AL E MR B8 0 (NH,-N NO, -N) (37 58 2% YA O, b 5 /& 8 i Qi iy % o [l , R
AR BRI 2 N AR T S HE SR A R, A SRR AR S R ) 48 B (SFD) 1 1E AH 5C 56 R SR 55 BT A -
NO, -N>TN>NH, -N>TK>AP>TP,
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