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Effect of Forage Planting on Improvement of Saline Soil under
Subsurface Pipe in Agro-pastoral Intertwined Zones

E Jifang'? YANG Shuging' ZHANG Wanfeng’ ZHANG Jing" ZHENG Yan' HU Lingling’
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Abstract; To explore the effects of planting salt-tolerant forage grass varieties on improving saline soil
under the subsurface pipe in agro-pastoral intertwined zones, field experiments were carried out in
Hongwei Experimental Base of Hetao Irrigation District in 2020 and 2021. The experiment consisted of
five different treatments. It included Medicago sativa (TM treatment) , Sorghum bicolor ( TB treatment) ,
Sorghum sudanense (TS treatment) and vacant land (T treatment), and the blank plot as the control
(CK treatment). The results showed that the average bulk density of TM treatment was 1.416 g/cm’ in
0 ~60 cm soil layer in two years, which was decreased by 9.4% compared with that of CK treatment
(P <0.05). Tt improved the salinity soil porosity under subsurface pipe for planting the three kinds of
forage grass. The average porosity of 0 ~ 60 cm soil layer was increased by 10.3% ~24.3% (P <
0.05). And Medicago sativa treatment was the highest, 51.6% , after two years of experiment. The
content of soil organic matter (SOM) in each treatment was gradually decreased with the increase of soil
depth. The loss of organic matter in 0 ~ 60 cm soil layer treated by tube T alone was serious, and the
average loss in two years was reduced by 20.3% (P <0.05). However, planting forage grass under
subsurface pipe could effectively alleviate the loss of SOM. The treatment effect of Medicago sativa (TM
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treatment) was better, and the average organic matter content in soil layer was increased by 5. 0% (P <

0.05). The biomass fresh weight of three forage species under subsurface pipe was increased by 24. 6%
~49.2% in 2021 compared with that in 2020 (P < 0.05). Medicago sativa had better effect on

increasing fresh production. In conclusion, it had better effect on improving the saline soil under
2 P , p )

subsurface pipe for planting Medicago sativa ( TM treatment). It improved the physical and chemical

properties of saline soil and increased the content of SOM. It also achieved the objective of improving

forage yield.

The research result can provide theoretical basis and technical support for the

implementation of subsurface pipe project and biological improvement of saline soil in Hetao Irrigation

District.

Key words: agro-pastoral intertwined zones; subsurface pipe; forage planting; saline soils; effect of soil

improvement
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growing period of forage grass
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Fig.2  Effect of planting salt-tolerant forage grass on saline soil density under subsurface pipe
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Fig.6 Leaf area index of salt-tolerant forage grass in two year
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Tab.3 Biomass for different treatments in two years kg/hm’
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Tab.4 Correlation coefficient among forage grass growth indicators

s b P Bl 5 5 iR
PR AR R AT B B AR A MR T B e M ARAE A MR T R
7= 1 1 1
it T FR 4 L 0.95" 1 0.35 1 0.65 1
B T o 0.89" 0.79 1 0.89" 0. 65 1 0.77 0.94* 1

o« FIRTE 0. 05 K I i FHE

w

it
5 A5 4% 1 T T 3k e B 15 3 3t - ) B H AR B
T UM LS. A R R LR
ZERIG RS bR, R T L HGE S PRk
B, b RO T R B S o b B AL A
B, (EL AR AR [R] T £h H  2% BEAE TE B OK %
STl ORE A S T R BRI AR b A R
10.3% ~21.3% K4 T F e LR | ¥ 1 g 3% +- 458
AT G B A A A M X T TR 4
R, AL % BRI AL T R T A R IR A
ARWFIT GRS + 400 b PR A B MU L5 . AR BFIT 45
WER, &0 ~60 cm + )2 5 ¥ K [6) 142 [%
A%, EL B IR B 43 0, AR R 58 W /S o 3 2 T g S AR
FAE L IFRE SHAER KK R R F R R L
MEFLI Y Bl R AE R T R R ULE R
FAk AR R AR 2 AR, AL 2 4
S 249 75 T I 0 5 R G 2 TM AR B B CK R A 9. 4%
(P <0.05), B & 76 & 20 4F A MWD , B 4F FR 38 K
AR 2 A 280 2, AR G A, R AR 2 T I
FEC . TSI A HE K TR RS E (T AL FE) L3RRS
R IR RN, 0 R (40 ~ 60 em) A E A
T, H CK 43 0 ~ 60 em 4 BEA & SF 80
0.8% ,iX 55 EB% T HIFL 4 BAFE X 5, X Al fig
JE T R BFFT X - 48 TR 3 S [ 25 PR 2% 36 19, ] B
T T TS0 TR 5 5 e A A0S 08 8 o SR e 2%, T

-l
o3

e 2 oA T A, 3 P )R RT A R A 4
ZH IR EIGE AR I ROR .

THEAE S LB WA OC, RN
5 ) 498 L Bt B R A 49 KR A o A T R e AR
WItE K T L AT HEOK SRR T S B A 4
AR T A E LB, o R s
B HEK T, B3 F IR IR 8%, + R
JU 7K T 2 P SR AR, HE K JE A 1 0K 5 5 6 Sk B IR
AT LA L, $Rw AL R A
FEGE WK, 2 AR S ST RO R ) B AR
VR HEFL B, 0 ~ 60 cm - J2 7 ¥4 1L B BE 4R
10.3% ~24.3% (P <0.05) , TM Ab 5l 3 g 5 K , 4%
CK Ab 3 24. 3% (P <0.05) , i B d i 45 T b B
IR T AL AL CK 4 3. 1%, BHE)Z ALl +
SRR TR 1. 4% o 3% 02 R A 5 45 2% 1 T S0 A A
9 BRAR A R, W0 M A A RO
AR [ PR J2 A S8 A A, T Y AR AR o A A B A
VR R LB . BTN 2 AR A
WORE 25 2 AR IR, B R AR R OR T RS
b, BEAR L o, 32 v LR B ROR T A

SOM & e iy it - e | Y e AR bR 2 —,
e B 48 AR 245 A8 1Y) S B A W I, 4R e R
) SOM & f RIG B Wi £ — A EE HAR,
M A5 K TR A it oA 3o O ) (] B, B e A R
O IR RS SR X S AL —
o, ARBFIE KL, &AL B SOM & & I 4 2 % 19 hn



%9 1

48

aF

RAk Ty 45 RS A% 1 T O AR X AR OB 4 X AR 15T 19 ol 4 AR

409

M Wt /b, B A T 2R 3R 0 ~ 60 em + A PR
TR L2 AR B REAIR 20. 3% (P <0.05) , i i 4
S5 IR AT A R i SOML IR, T B
KT Sl 4 b 3, X R SOM & 4 - i H AT UK
(PRSI S, PRI, 7 SR FH IS A8 T 8 i i B 3k
F IR 0 B A X R A B AR Y AR
5 rp R Ll o E A R R AR A AR R A
Bij 1 SOM i 2k F) R R 348, 2 4FF- 35425 0 ~ 60 cm
42 SOM % 5.0% (P <0.05) .

BEi U RE-MER EAHWAEE S
AFE MR . BRI A HE K TR i 45 &
o R T A 1 2 i , PO D 0 kY5 R A A B
/5 SOM & dt , B e B 7= dt L [R50 J) 0 450, 1k
S5O RO B2 A LB i S
I RACR R E M. B, ROk T R K

S I - Sy B 2 R T R AR R R AR R, A
F5C R BVEE o HT TR + A YR R R R R
KA ROR , 286 VFO e B 1) S8 B T RCR:

4 ZEFRIE

AH LG X R AL B, 2 4F W5 45 45 00 T 3 Bl 45 4 2
b ok R R 08 R 3 FOR A A BRI B
0 ~60 cm + )2 V-7 H AR 9. 4% , 1 3 AL I i 4
B 24.3% , HEZ2 AL & B m 5.0% (P <
0.05) , A % 2% fif + A ML IR % , 4 35 + 404 L
B A, L R R R A e M AR e
W, A PN 55 T T X RS X A TR R
AR BRI A DS B ke Eh E R A5 A fR
e R PR S S R R RBOR B A S
B RS REOE T RS L R E T,

& % x Wt

RENGASAMY P. World salinization with emphasis on Australia[ J]. Journal of Experimental Botany, 2006, 57(5): 1017 -
1023.

Journal of Plant Nutrition and Fertilizers,

Effects of underground drainage pipe spacing on salt and alkali

(2] 5K SR, F RN, (I THE. 5T T A X e b gl bk R AR Ak B R BRI [ T] . WEMEHE K 524 ,2018,37 (1S 7 1) -
118 —122.

ZHANG Yigiang, WANG Ruiping, BAI Qiaoyan. Development and change of soil salinization in Hetao Irrigation Area of Inner
Mongolia[ J]. Journal of Irrigation and Drainage, 2018, 37 (Supp.1): 118 —122. (in Chinese)

(3] J9Rv, SrBLE, mARs . T X A B b v S i 5 I RO AL IE [T]. Al BLBK 241 ,2023,54 (1) :339 -350.
WAN Heyang, QI Hongwei, SHANG Songhao. Ordinary Kriging interpolation and smoothing effect correction for soil texture
mapping in Hetao Irrigation District[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2023, 54 (1) . 339 -
350. (in Chinese)

[4] WANG Z H, HENG T, LI W H, et al. Effects of subsurface pipe drainage on soil salinity in saline-sodic soil under mulched
drip irrigation[ J]. Trrigation and Drainage, 2020, 69(1): 95 - 106.

[5] LIX W, ZUO Q, SHIJ C, et al. Evaluation of salt discharge by subsurface pipes in the cotton field with film mulched drip
irrigation in Xinjiang, China I. Calibration to models and parameters[ J]. Journal of Hydraulic Engineering, 2016, 47(4) : 537 - 544.

(6] ZEE&. R, I, % ik c B EHRBREEMIT]. b EESR %% ,2023,31(7) : 1110 - 1120.

LI Yanxin, XU Li, QI Fei, et al. Seepage field simulation of subsurface pipe salt drainage processes in coastal saline-alkali
farmland[ J]. Chinese Journal of Eco-Agriculture, 2023, 31(7): 1110 — 1120. (in Chinese)

(7] 3 (R Ak, A A, 45 5 R HE K AR B BB SRR 0t - BT S RO [T]. ol TR %4 ,2022,38(21) :
111 - 118.

HENG Tong, HE Xinlin, YANG Lili, et al. Design and effect evaluation of subsurface pipe and vertical shaft drainage project to
improve saline soil in Xinjiang[ J]. Transactions of the CSAE, 2022, 38(21) :111 = 118. (in Chinese)

(8] =, shifeis, 457, 4. e HHEK S R T ROR S5 e oy [T]. A AR i) ,2022,53(4) :372 - 385.
DOU Xu, SHI Haibin, LI Ruiping, et al. Effect of farmland drainage on improving saline soil and environmental pollution[ J].
Transactions of the Chinese Society for Agricultural Machinery, 2022, 53(4): 372 - 385. (iin Chinese)

(9] ki, W&, BE, % EYIIE D E R & RBOTH XSRS SRR [T]. MW E 7 50k 2k, 2022,
28(12): 2299 -2309.

ZHANG Jing, YANG Shuqing, ZHENG Yan, et al. Biological measures significantly improve the salt discharge effect of
subsurface pipes in saline soil of the agro-pastoral ecotone in Inner Mongolia[ J].
2022, 28(12) : 2299 —2309. (in Chinese)
[10]  FARIR, 255, v e, A5 HEER W ) B Xomr 28 IX T i b R TR S8y iy sgma [ J]. 1235 ,2021,53(3) : 602 - 609.
ZHOU Liying, LI Ruiping, MIAO Qingfeng, et al.
characteristics and fertility of heavy saline soil in Hetao Irrigation Areal J]. Soils, 2021, 53(3): 602 —609. (in Chinese)
[11] H3eme, 28R, =W, 5.

AN ZE BT ERAE P X ER 00 B M AR SE[T]. fRl PR RLA224R ,2012, 31(12) : 2433 -2440.
XTAO Kebiao, WU Pute, LEI Jinyin, et al. Bio-reclamation of different halophytes on saline-alkali soil[ J]. Journal of Agro-
Environment Science, 2012, 31(12) : 2433 -2440. (in Chinese)



410 YA T A 2024 4

[12] REER,FLAE R, 5. BT = A AL s X i Eh 0 5 2 e R i e [T IDAR RO RLS#,2019,51(5) « 42 -46.
WEN Yanchen, KONG Shaohua, ZHAO Tongkai, et al. Screening of salt-tolerant herbage and economic crops in saline-alkali
areas of the Yellow River Deltal J|. Shandong Agricultural Sciences, 2019, 51(5) : 42 —46. (in Chinese)

[13]  skokcE. SRh AR A R ROCR (1], HOR R B, 2005(3) : 48 - 49.

ZHANG Yonghong. Desalination effects of salt tolerant plants growing in alkali-saline soil in Ningxia[ J]. Gansu Agricultural
Science and Technology, 2005(3) : 48 —49. (in Chinese)

[14] IFEE, F L0, A REEHRK SRCE R PR B R L - A ISR 5 [T ] TR Rl B 4 ,2023,52(5) = 99 — 109.
TAN Pan, WANG Shichao, XIE Jin, et al. Study on the fertilization effect of subsurface pipe drainage and okra planting in
improving coastal saline soil[ J]. Journal of Henan Agricultural Sciences, 2023, 52(5): 99 —109. (in Chinese)

[15] ], B, sk f@ , 5. B 5 R AE S B I Fh 200 9 WF9E [T ], Bk 2% 4 ,2003,12(4) ;58 - 62.

LIN Haiming, JIA Huixian, ZHANG Youfu, et al. Effect of salt restraint on Vicia villosa in secondary salinization land[ J].
Acta Prataculturae Sinica, 2003, 12(4) . 58 —62. (in Chinese)

[16] ASHUTOSH M, SHARMA S D, KHAN G H. Improvement in physical and chemical properties of sodic soil by 3, 6 and 9
years old plantation of Eucalyptus tereticornis biorejuvenation of sodic soil[ J]. Forest Ecology and Management, 2003, 184
115 - 124.

[17]  SEREER, ZL0my, 35 3O, 55 BOs AR 0 2030 = A U SR 08 L ke R BCR 1 sh 8 W0 S22 ST [T ], K LOREE2A 4R,
2022,36(6) : 394 —401.

DOU Xiaohui, LI Hongli, GAI Wenjie, et al. Dynamic monitoring and comprehensive evaluation of the effect of pasture
cultivation on saline soil improvement in the Yellow River Delta[ J]. Journal of Soil and Water Conservation, 2022, 36(6) :
394 —401. (in Chinese)

[18] MENG X Y, RAN C, LIU B L, et al. Effects of straw returning to field and nitrogen application on soil nutrients and rice yield
in black soil areas of Northeast China[ J]. Crops, 2021(3): 167 - 172.

[19] XIE X F, PU L J, WANG Q Q, et al. Response of soil physicochemical properties and enzyme activities to long-term
reclamation of coastal salinesoil, Eastern China[ J]. Science of the Total Environment, 2017, 607/608 ; 1419 - 1427.

[20] AR, EAH, ER 55, B =AU S m0b A Y iE s RBCRITS (1], P ER R KFKE ,2014(7) :1 -6.

HOU Hehe, WANG Chuntang, WANG Xiaodi, et al. A study of improvement effects by biological measures in the Yellow
River Delta saline-alkali soil[ J]. China Rural Water and Hydropower, 2014(7) :1 - 6. (iin Chinese)

[20]  #AK. PR E 16 e REFIE 0 D 9 BF X w4l [T, Ol )42 ,2005,22(8) 147 - 49.

HU Facheng. Initial research report on soil fertility improvement by planting Medicago sativa[ J]. Pratacultural Science, 2005,
22(8): 47 —49. (in Chinese)

[22]  SEMERG, EAGAR, PR 2 52, 45, T b 0RO g i b X R 3ot 1 (38 B A RAFSE [T, Rl 34, 2017,26(10) :56 - 63.
JING Pengcheng, WANG Shulin, CHEN Yishi, et al. Adaptation of salt-tolerant forage grasses to saline soil and their ability to
improve saline soil utilization in southern Xinjiang region[ J]. Acta Prataculturae Sinica, 2017, 26(10): 56 —63. (in Chinese)

(23] BT, Wsamm, %8, 5. B HKRA S i H T 5 5t A RAT ARAELT]. RO AL 24 ,2019,50(11) :
259 -266.

HOU Maomao, CHEN Jingnan, YANG Qi, et al. Behavior of coastal greenhouse soil nitrogen as influenced by subsurface
drainage and organic fertilizer[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2019, 50(11) ; 259 - 266.
(in Chinese)

[24] FELFH. RACIA R X ey Bk B 5 I8 ) R S H X g AR ma B2 [ D], i 7K ARt pfoll 5z, 2016
PEI Zhongxue. Associations between soil physical properties and soil fertilities and the response to afforestation practices in the
typical reclamation area of NE China[ D]. Harbin: Northeast Forestry University, 2016. (in Chinese)

[25] Wi, £ XSEH L EORFEF L HK R85 [ D], KA i B AL B K ,2019.

CHEN Shuai. Effect of corn straw returning on soil and water conservation in slopping farmland of black soil region[ D].
Changchun; University of Chinese Academy of Sciences, 2019. (in Chinese)

[26]  CRA, T W5 HEAOW 95 B2 A MR ma [T]. RIL RS %M (A RM) £5 45 ,2007,4(2) :4 -5,8.
Al Tiancheng, LI Fangmin. Effect of subsurface drainage on physical and chemical properties of cultivated strata on
waterlogged land[ J]. Journal of Yangtze University ( Natural Science Edition) Agricultural Science Volumn, 2007, 4(2):
4 -5 ,8. (in Chinese)

[27]  HA A, 200, 5. AN IR SRR A0 e v T R b it 9 i RASCR 047 [T ). PE ROk 324k ,2018,31 (1) :2366 —2372.
TIAN Dong, GUI Pi, LI Huashan, et al. Effect of different measures on improvement of seashore saline alkali land [ J].
Southwest China Journal of Agricultural Sciences,2018,31(11) : 2366 —2372. (in Chinese)

(28] e, 2552 b, 5. ORI ok A X 3R - - SEAN s HE P& 2 AE e [ J]. FEHb A% R ,2021,29(6) 11200 -

1209.
ZHENG Minna, LIANG Xiuzhi, HAN Zhishun, et al. Effects of different improvement measures on the diversity of soil
bacteria communities in salt-alkali soil[ J]. Acta Agrestia Sinca, 2021, 29(6) : 1200 - 1209. (in Chinese)



