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Effects of Mulched Drip Irrigation on Soil Properties and Maize Yield of Saline Farmland in

Hetao Plain, China

TANG Chong" %, YANG Jingsong"*", LI Tao" ¥, YAO Rongjiang', XIE Wenping', WANG Xiangping'

(1 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing
211135, China; 2 University of Chinese Academy of Sciences, Beijing 100049, China; 3 College of Resources and Environment,
Xinjiang Agricultural University, Urumgi 830052, China; 4 College of Agriculture, Yangtze University, Jingzhou, Hubei
434000, China)

Abstract: The farmland in the Hetao Plain is facing severe challenges of salinity obstruction and water scarcity, which greatly
constrain the sustainable development of agriculture in the region. To investigate the effects of mulched drip irrigation on soil
properties in wide (70 cm row spacing) and narrow (50 cm row spacing) rows and crop yields of saline farmland in the Hetao
Plain, a field experiment was conducted with maize as the test crop, in which two treatments were set up: drip irrigation (narrow
row) with and without plastic film mulching. The results showed that drip irrigation induced significant surface accumulation of
soil salinity, whereas mulched drip irrigation mitigated this phenomenon, with a significant reduction of soil salinity in narrow
rows ranging from 25.29% to 56.90%, and a 15.78% increase in soil water retention capacity in the early growth stage of maize.
Mulched drip irrigation increased total nitrogen and organic carbon contents in the 10~20 cm and 20—40 cm soil layers of narrow
rows, and promoted the accumulation of available phosphorus and potassium in the 0—40 cm soil layer, while driving the
migration of nitrate to the deeper soil layer (1040 cm), and reducing the nitrate residues in the surface layer. Mulched drip
irrigation increased soil invertase and urease activities in the 0—10 cm and 10-20 cm soil layers of the narrow rows, thereby
improving soil carbon and nitrogen metabolism capacity. However, mulched drip irrigation reduced maize root parameters such as
total root length, root surface area, number of branches and number of crosses, which resulted in a reduced maize yield. Therefore,

this study proposes that in the Hetao Plain region, the plastic film should be removed at an appropriate time during the late stage
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of growth of mulched drip-irrigated maize in saline farmland to promote the development of root extension and enhance the

effective recharge of soil water by rainfall, thereby achieving a synergistic effect of crop productivity enhancement and soil

property improvement.

Key words: Saline farmland; Mulched drip irrigation; Salinity obstruction; Wide and narrow rows; Root characteristics
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1.1 HAREER

5T XA 7 0 H 36 DA W L 2 L
F 2 23 R(38°51720"N,  106°34'47"E), %M X & I
G N e W N e 32 B <o S T P E I 1
THOREEVE; HRERIMT R, (A AT X,
ELAEME A BRI AR T A rh, - S0 R AR B AT i 2
fife; BRRR HFRRM, 4RI BEEm (SR,
TR RRRE o KM X AR K RN R
A3 170 mm B 1 755 mm. A% RO ZERE L S 80%
Hi X A e ER A A 2 Y (RIS K B VR S et A R 5+
R R B

WF5EIX 0~20. 20~40 cm + /2 HIEFHIARML, 2
PO e o= N YA 1 S IR U Sl
6.38%~8.93%. 79.08%~81.91% #1 9.16%~14.04%.
+HEEAY R £, Nat, K, ca®', Mg*t, CI,
SO; . HCO; & HH7E 0~20 cm +J2H4331% 4.93.
0.05, 1.14, 0.74, 4.16. 1.42, 0.35 cmol/kg, 7&
20~40 cm + 2953514 1.89.0.04,0.42,0.36,2.31,
0.62, 0.33 cmol/kg. - HEHAMFEAI LT WL 1,

£1 0~20cm#120~40 cm B HIEE KBV IER

Table 1 Basic soil physicochemical properties in the 0-20 cm and 20—40 cm soil layers

+/E(em)  HFR(dS/m) pH HHLIR (2/kg) L% (g/ke) 2 (g/kg) AR (mg/kg)  HEBUH (mg/kg)
0~20 cm 1.56+0.09 8.49+0.08 4.15+0.33 0.58+0.13 0.64+0.01 29.33+0.45 152.00£12.25
20~40 cm 0.73£0.11 8.85+0.06 3.76+0.19 0.47+0.06 0.55+0.11 20.98+1.62 91.33+3.28
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KH Excel 2021 #4750 B8R0 0081, il
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KR 2008 G X0 2 BRI T, B
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WA AR 5 ZEUACHRADT , 38 5 7K DU A %) R 2 PRI

—&—CK-W —O—F-W

JET R HEAL BRI S R BT 4E 4T 20~40 em LJR
SHEEKE, AR E RG], HEN S 0~20 cm
TR AR LS KRR

—4—CK-N —2—F-N

270 4l 9.0 ]
%o 240 B
23t 8.7 -
% o 5 B S
4z 180 m H84r 8
+H 150 RIS
8.1
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%n 240 | B
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&2 180 o H84l a
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1 BRTHEMBRRAZFTMETLIERKE. 9 pH SIB5THHFM
Fig. 1 Effects of mulched drip irrigation on dynamics of soil water contents, salinity, and pH values in wide and narrow rows of saline farmland

THMESUES, JCieAT JOE M, BIAEAE B 2 A ] 1)
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XFREAHLE, TCiR it Tl 25T, N T AL PR A )
F 0~20 cm + 2 HHEMIEL  H X417 H3EER SRR AT
RORTE 2. BRAhEEIoh, BT T A A 7 1T
0~20 cm +ZER A TE T . SO FER . R
I3 BIFEA 25.29% . 74.73% ., 52.22%. 56.90%. SKIfi,
JIER W TE A BT A2 AT 20~40 em R ER MRS IAA
B, AT T SR 10 53 A 43 2 SIS 51.68%
F121.02%.

5K EMER AN, 3 pH 7E FOR&E
BN 52, FRSE T I HE AL B 5847 e 1T
44 pH T W E W,

2.2 BRTEEMNSRARHITEFRSNZMm

ANTRI A IBORE ] B FIRAE IR BE 1 355 00 i
W 2 Fiom o BT AL BEXT 584 T AT T 0~10 em £
2 IR SR AR . X IEAR L, RSN
A PRHZ)Z AT HIEA A SR 21.74%, T4
RS HIEIR 26.87%; FEHEWRE)Z, BT LI

WA T SRS, 10~20, 20~40 cm +
E AR TE 41.82% ., 28.00%. R T i HE AL BAF) T
T FEAT B S , SX AR L, 0~10.10~20 cm
)R IR R IR 15.79% . 7.04%; HHI,
FEETT Vi A P N S RS N AR AT IR )2 (20~40 om) T4
W, MR 17.74%. B THBEALFEX) 0~10 cm
+EEEAUR TG B, (AEFRLE,
10~20., 20~40 cm - )7 1= HEAT LA 3 2 30T HE A3 1|3
N 8.68%~8.80% . 46.58%~50.25%, H X ety T+
TR RFAIT. WA, BT R E AR T +
AT LA 5 i B R AR A R, A LR i
Wi = S B I B0, X R D) B A S ) AR
AL .

TS A S AR AL TR, H RS R
T o TR 0~40 cm + 2, BRI HEAL PR 5 25 0
INT FEAT HHERS A RS ht, ELIG 0 Rl - 49 R B i i
KN R, B HEAL AL 22T 0~10 em )2 135
AR S B BERI 61.37%; BIEEFHEEN0~
40 cm), R TTHHEALBEIG I T AR SR, Rl
F220~40 cm 12, HIEHEA G B EH 72.98%,
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SR B - TR P ST 5, BEBRAN 0~10 em £ 21
8.18%~15.26% £ & 20~40 cm +JZH) 26.73%~
50.37% S RUBEAH EE , RS I HE Ak JHOGT AR 1

FROBR = BN 5, ZE 3K 0~40 em 2 HI iR 34 1 it
40%, HEHlE 20~40 cm 2RI A 67.22%~
104.17%. 74b, ETEATOE, HHEAMBEES RN
FUF S 10 ot 398 o T 45400 e 34, (A A 5 1 ) 2
AR S TR B AR AR s TEASATL B, BT T b B
%) B A RO RN KRR 5 R AE 0~10 cm Al 10~20 cm
FIRZ BRI, {H1E 20~40 cm )2 B EHEN

F2 BRTHEXNBERKBETMETLIERSRZME

Table 2 Effects of mulched drip irrigation on soil nutrients in wide and narrow rows of saline farmland

TEWE abH IR (g/ke) HA TR (mg/kg)
(cm) o o ALK AR THER A R AL
0~10 CK-W  0.46+0.03b 0.76+0.01a 5.81+0.17a 0.31+£0.01a 225.13+14.74b 14.61+£0.51b 122.00+17.56b
F-W 0.56+0.02a 0.64+0.01b 5.75+0.05a 0.17+0.01b 334.46+4.45a 16.84+0.30a 206.67+13.04a
CK-N 0.67+0.02a 0.64+0.04a 6.05+£0.27a 0.16+0.01a 202.46+3.06a 28.61+£0.58b 98.00+8.08b
F-N 0.49+0.02b 0.67+0.05a 5.88+0.08a 0.15+0.01b 78.22+5.22b 30.95+0.34a 142.3348.25a
10~20 CK-W  0.40+0.07a 0.71+0.02a 5.68+0.12b 0.17+0.02a 81.61+1.09b 28.16+1.55b 115.67+15.3b
F-w 0.37+0.08a 0.66+0.01b 6.18+0.02a 0.15+0.01a 124.93+3.07a 33.86+0.74a 196.00+5.69a
CK-N  0.55+0.06b 0.66+0.02a 5.53+0.12b 0.18+0.01b 53.46+1.32a 29.84+2.67a 99.00£10.02b
F-N 0.78+0.05a 0.63+0.01a 6.01+0.04a 0.20+0.01a 66.04+12.76a 30.73+2.22a 138.3345.04a
20~40 CK-W  0.57+0.14a 0.68+0.07a 3.96+0.09b 0.14+0.02a 8.97+0.92b 24.69+1.30b 95.67+18.48b
F-w 0.63+0.18a 0.66+0.02a 5.96+0.38a 0.16+£0.01a 21.30+2.41a 31.29+1.31a 195.33+12.77a
CK-N  0.50+0.01b 0.62+0.01b 4.38+0.29b 0.16+0.02a 38.97+2.07b 25.79+2.28b 99.67£15.92b
F-N 0.64+0.04a 0.73+£0.01a 6.42+0.42a 0.18+0.01a 67.41£3.57a 38.78+3.03a 166.67+12.88a

T R I BRI A FNE 51378 G AT SR AT R SR TR P AL B2 i) 22 5 1 3 (P<0.05)
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BPRET BEE PE AR 25.81%, {Efd 20~40 cm + 2 1%
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THHEALBEXT 20~40 em £ 2 A0 TG R T HR O 1B
F, IR E] 135.14% 0 JEET TV A 3R ) e AL RIS P
Wi - ST 78 A AH R -2 5 TGS B %) 2 A ot 0 P A B
ATAETE W] tnb iy B - S TR B 1 in i AR A e e, 7R A8 A T
) AB A AU AR I o
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T Ah 353 el SEAT R AS AT IR S MRS N 19.78%
13.85% #112.53% . 8.81%([&] 2C). #X 1M, £ 20~40 cm
T2, BT T HE AL SAAE 22 4T RS RS 0 38.38%.
e AT IRBES PEVEAE 1 PAE 10~20 cm +J2, WAFTIR

it 1552 DO i - 8 R i A1

BEAE, RS T HE AL BT R 2 145 (20~40 cm) B P
TR TR S P AR TR R 3, WA T AR A TS T 4 )
BN 62.04% F1 45.45%(&l 2D). it IR Tl TR A
AT, Dl 2 it 05 2 7 0 v 2 S B Y v
AL, BITE 10~20 cm + 2 iE PE R & .
24 BETHENRRREEKRSEMIRZEFIEN

A

FIES T J7 4 Ak B G 3R T A K i A kAR
(R 3), SXTREAHLL, fURER IR A7 5 o BE AR
12.60% F1 26.52%. i X4 R FRAE A 0B A BE, 5
T AL B FORAR R BARE | AR AL, /S Eom
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39.24%. HE—RARAE | AR T FURIARISETE AN R B
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TEUE R FRAE AR 0~0.5 mm (4 40 AR MR L 451 385
2.87%, [RIHE B 4% 0.5~4.5 mm BYHE 2R 26 5 FH L 151 15
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Fig. 2 Effects of mulched drip irrigation on enzyme activities in wide and narrow rows of saline farmland

F3 BETHEMRFTRKAERFEMRAFENFIT

Table 3  Effects of mulched drip irrigation on maize yield and root characteristics in saline farmland

AF FPRI(vhm®)  FEFF(vhm?) SR (cm) WMEMMMA(em?) FIHR R ELmm) RREAG) 8 X
CK 8.65+0.56a  28.58+0.58a 3 587.05+18.19a 1 464.19+7.66a 1.13+0.07a 7 873+£500a 27 725+435a 1 202+30a
F 7.56+0.51a 21.00+1.52b 2 396.85+48.63b  797.23+£17.41b 0.994+0.09a 7 411+438a 12 708+5b 730+34b

T R FESNERE A /NG PR s A A R 7E AR L2 8] 22 57 (125 (P<0.05).
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