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Effects of Irrigation Methods on Root System and Yield of Summer Maize in the

Hebei Plain

PENG Weiguo', LIU Yuchun'*, HOU Yu', KANG Meng', WANG Li’, ZONG Hao’

(1. College of Urban and Rural Construction, Hebei Agricultural University, Baoding 071001; 2. Baoding
Shuofeng Agricultural Products Co., Ltd., Baoding 071599, China)

Abstract: To investigate the effects of four irrigation methods(Shallow Buried Drip Irrigation SBDI, Surface Drip
Irrigation SDI, Water Belt Ditch Irrigation WBDI, and Traditional Border Irrigation TBI) on the root distribution
and yield of summer maize, and to provide theoretical basis for precise and efficient irrigation management of
summer maize in the Hebei Plain. A field comparative experiment was conducted from 2021 to 2022 to deter-
mine the morphological structure parameters, dry matter accumulation and transport, yield, and composition of
summer maize roots. The results showed that summer maize under the SBDI treatment exhibited the optimal root
morphological structure parameters during the grain-filling stage: root length density in the 0-40 cm soil layer was
13.8%, 11.5%, and 4.8% higher than that of TBI, WBDI, and SDI treatments, respectively. Irrigation methods had
significant effects on dry matter accumulation, dry matter translocation, and the contribution rate of dry matter
translocation to grains, with the order of SBDI > SDI > WBDI > TBI for all indicators. Specifically, compared
with SDI, WBDI, and TBI treatments, SBDI increased the dry matter translocation rate by 16.9%, 8.8%, and
4.3%, respectively, and increased the contribution rate of dry matter translocation to grains by 10.4%, 4.9%, and
1.8%, respectively. Among the four irrigation methods, SBDI achieved the best yield performance, with an aver-
age grain yield of 8 396.25 kg/ha over two years, which was 13.51%, 8.55%, and 2.99% higher than that of TBI,
WBDI, and SDI treatments, respectively. Compared with TBI and WBDI treatments, SBDI saved nearly 40% of
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irrigation water, reduced water consumption by 12.4% and 11.6%, and increased water use efficiency by 29.8%

and 23.1%, respectively. In contrast, compared with the SDI treatment under the same irrigation level, SBDI re-

duced water consumption by 1.4% and increased water use efficiency by 4.2%. In conclusion, shallow-buried drip

irrigation(SBDI) can reduce ineffective water consumption, promote root growth of summer maize, and enhance

dry matter accumulation and translocation capacity, thereby achieving water conservation and yield increase.

Therefore, SBDI is recommended as a suitable irrigation method for popularization in high-yield and efficient cul-

tivation of summer maize in the Hebei Plain.

Key words: Summer maize; Irrigation method; Root; Yield; Water use efficiency
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Table 1 Physical and hydraulic characteristics parameters of soil in the experimental site

R o3 (E R i)

Particle size distribution(SI Metric)

W IEREE em

I A E/g-em™ MK E/g ! A K E g g

Experimental Soil depth 20-005<0.05-0.002 " <0.002 Soil texture Bulk density  Field capacity =~ Saturated water content
field mm mm mm
[=1ERAS 0 ~<20 57.85 38.62 3.53 b+ 1.41 0.243 0.282
20 ~ <40 60.34 36.64 3.02 b+ 1.45 0.207 0.251
40 ~ <60 58.73 39.01 2.26 [ & 1.39 0.231 0.271
60 ~ <80 53.50 43.70 2.80 b+ 1.48 0.210 0.244
80 ~ 100 56.28 41.22 2.50 [ & 1.49 0.195 0.228
LR 0 ~<20 62.00 33.95 4.05 Wi+ 1.43 0.191 0.240
20 ~ <40 63.12 34.20 2.68 [ = 1.42 0.185 0.233
40 ~ <60 60.01 36.21 3.78 b+ 1.40 0.186 0.234
60 ~ <80 55.16 40.37 4.47 it 1.46 0.191 0.243
80 ~ 100 55.19 41.53 3.28 it 1.48 0.189 0.233
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55 M 0~100 em - 34 BUREE WL 3R 1. & PFHE 0~
40 em B 2 4 3 43 0l F 4 A 0.86 go/kg A HL BT
14.55 g/kg B f# % 79.01 mg/kg GERLA 129.21 mg/kg,
K 16.35 mg/kg FIAS AR 9.77 mglkg, 2021 4F
1 2022 4F 42 1 B 0~40 em #F )2 53 9 & &R
0.86.0.89 g/kg, A HL I 14.55,14.23 g/ke, Bl fift A
79.01.66.61 mg/kg, HALH 129.21.141.54 mg/kg, i
35 16.35.15.44 mg/ke, iHAE 9.77.9.67 mg/ke.
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Table 2 Actual irrigation and fertilization schemes for each treatment

HEZK I 19 B K e /m + him ™2

L 9 B it g N - han

Ay Qb Irrigation period and amount ARk /m® e hm™ Nitrogen period and amount Eﬁﬁfﬁ%/kg N-hm™2
Year Treatment &R K mh2zil K Total irrigation amount  #EFh I 223 Total nitrogen amount
VO Vi2 R1 R3 VO Vi2 R1
2021 TBI 550 120 200 0 870 75 100 0 175
WBDI 550 120 200 0 870 75 100 0 175
SDI 300 75 150 0 525 75 75 25 175
SBDI 300 75 150 0 525 75 75 25 175
2022 TBI 550 120 200 120 990 75 100 0 175
WBDI 550 120 200 120 990 75 100 0 175
SDI 300 75 150 75 600 75 75 25 175
SBDI 300 75 150 75 600 75 75 25 175
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Fig.1 Schematic diagram of planting summer maize using different irrigation methods
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Fig. 3 Daily average temperature and daily accumulated precipitation in Anxin County experimental area from 2021 to
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Table 3 Effect of different irrigation methods on the vertical distribution characteristics of summer maize roots in

2021
TE R fem
W4 b b3 Soil depth
Indicator ~ Treatment A1t
Total 0~<20 20 ~ <40 40 ~ <60 60 ~ 100
MK /em TBI 5973.83+84.41d 4 830.9378.77h 1085.83+25.77d 49.75+22.14b 0.30+0.52a
WRBDI 6201.05+61.36¢ 4 834.62+25.65b 1 280.22+25.08¢ 62.68+41.81b 0.90+0.88a
SDI 6 608.34+117.50b 5011.17+120.41a 1 481.65£16.27b 70.05+6.60b 3.67+1.06a
SBDI 6 995.07+72.54a 5068.16+12.99a 1 669.10+29.51a 172.12+18.50a 11.73+12.97a
R&Ef/em®  TBI 1329.22+182.38a 1 075.00+148.79a 241.50+32.24¢ 11.2125.21b 0.06+0.10a
WBDI 1 394.00+169.02a 1086.51+127.90a 287.85+36.20bc 14.35+10.25b 0.21+0.22a
SDI 1425.774150.01a 1080.67+108.14a 319.87+36.00ab 15.24+3.10b 0.78+0.17a
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Table 3 Continued

+ R /em
pllEsisgan Qb Soil depth
Indicator ~ Treatment 41t
Total 0~<20 20 ~ <40 40 ~ <60 60 ~ 100
SBDI 1544.67+82.95a 1119.02+55.01a 368.61+21.34a 37.89+2.75a 2.63+2.95a
HARF fem® TBI 44.38+2.12a 35.89+1.69a 8.07+0.43h 0.37+0.17b 0.00+0.01b
WBDI 50.17+10.26a 39.09+7.80a 10.35+2.00ab 0.54+0.44b 0.01+0.01b
SDI 60.92+13.65a 46.17+10.24a 13.66+3.07a 0.65+0.19b 0.03+0.01ab
SBDI 63.85+17.14a 46.30+12.66a 15.22+4.04a 1.60+0.61a 0.10+0.10a

T R R FUA NG 5B 2 7R i) — AN [ AR BE7E 0.05 KF R 225 W3, I,

Note: Different lowercase letters in the same column in the table indicate significant differences at the 0.05 level among different treatments

during the same period, the same below.
H1 SBDI 4t P 40~100 em + 2 E@*E{éﬂ?iéj ok, o
W K 1.05% . 1.82% . 2.38% #1 3.23%, Al
@éﬁﬁﬂ?ﬁﬂiﬂé*ﬁ%B@ﬁzku&ﬁc}%i%m%

)53 A% o H PS5 A %0, TBI . WBDI , SDI Al SBDI 4k ¥t
TSR ROk RLD 434 15 i - J2 % B 1 185 o i 9

0, & MR

AN, DA E K 7 1R A 3R S I B R K 0~40 em 1 )2
RLD 4 5], 4 %% -F TBI, WBDI A1 SDI 4k B , SBDI Ab
FR Y RLD 4 ) 42 55 13.8% . 11.5% #14.8% , ] W, ,
RIS L ERBRAF .

T4 022FEAREEXKFAEINEERREEES HIFMENF N

Table 4 Effect of different irrigation methods on the vertical distribution characteristics of summer maize roots in

2022
)2 fem
HUE=E =g 7 Ak 2R Soil depth
Indicator Treatment A1t
Total 0~<20 20 ~ <40 40~<60 60~100
K /em TBI 5984.96+80.10d 4 451.48+70.06b 1443.28+53.95¢ 72.37+5.64b 3.36+0.42b
WBDI 6 180.37+46.77¢ 4521.76+72.80b 1424.65+159.15¢ 154.8+29.25ab 6.71+5.38b
SDI 6 660.27+96.98b 4675.97+51.83a 1 662.72+52.43b 224.39+70.04a 18.65+16.72b
SBDI 7 139.81+52.08a 4 756.82+55.52a 1951.39+28.45a 220.98+54.01a 53.26+16.44a
R Y em® TBI 1329.56+183.14a 087.87+123.88a 321.51+54.84b 16.16+3.28b 0.73+0.02b
WBDI 1 393.53+166.36a 1019.62+123.32a 320.19+44.22h 35.39+10.21ab 1.56+1.35b
SDI 1 436.04+143.65a 1 007.73+93.57a 358.54+38.07ab 48.40+16.66a 4.14+3.87b
SBDI 1 544.47+82.40a 1029.43+66.61a 422.32+28.02a 47.41+9.06a 11.65+4.09a
HAEF/em? TBI 44.54+2.86a 33.14+2.49a 10.73+0.42b 0.54+0.02b 0.03+0.01b
WBDI 49.77+11.56a 36.46+8.85a 11.35+2.15b 1.28+0.46ab 0.05+0.05h
SDI 61.23+15.34a 42.92+10.38a 15.22+3.32ab 2.13+1.13a 0.19+0.21b
SBDI 64.87+16.95a 43.13+10.71a 17.69+4.36a 2.09+1.05a 0.46+0.08a
22 AREKFTEMEERTHREF M HE FORBER T 5 %J:ﬂﬂij%“ T 58 # 35
Hi L6 A, 2 HEK AL B K28 it B A F AR ORAE, EL A I 20 R0 58 2 4% Ak P

i 2 A SRR B B KA, HL L BE (SBDI) AR
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18 8 o e K, 0l R R

(TBI) . 7K ¥ V4 74 (WBDI) F1 i1 2 7% #E (SDI) b B - 1y
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] 22 5 35 & 3 K, Ho, SBDMLIEm A E |
K Y T 5 A 43 0 TBT . WBDI Fl SDIT &b 3 -
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Fig.5 Root length density(RLD) at different soil depths during the maturity period of summer maize under different irriga-
tion methods
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Fig.6 The influence of different irrigation methods on the dry matter weight of summer maize
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Table 5 Effects of different irrigation methods on dry matter transport of summer maize

Jo

WW&N

PR T 16.9% .8.8% F14.3% , T 1) [ % iz B X AFHE
B 5T Bk AR B 10.4% . 4.9% F11.8% . 136 B ¥ 453
W7 U B K T Y B iz 68 ) BB ok, B8 AUOR
TR, 6 T R R OKRE R i T hAA

$eiz i kg hm™

H15 2 /%

TR /%

. fb Amount of translocation Translocation rate Contribution rate
h Treat-
Year ot
ment 2% Stem I Leaf A1 Total 2£ Stem - Leaf 411 Total 2% Stem I Leaf
Total
2021 TBI 917.16+11.24¢ 417.16+15.78¢ 1334.32+22.87d 17.15+0.34¢ 14.07+0.40¢ 16.05+0.33d 10.09+0.23h 4.59+0.16¢  14.68+0.33¢
WBDI 988.67+42.27b 477.06+15.36b 1465.73+47.12¢ 18.09+0.55b 15.73+0.63b 17.25+0.45¢ 10.41+£0.29ab  5.03+0.17b  15.44+0.29b
SDI 1077.56+23.89a 515.47+14.06b 1593.02+10.16b 19.26+0.31a 15.79+0.45h 17.98+0.09h 10.77+0.19a 5.15+0.17b  15.92+0.08ab
SBDI 1103.16+13.15a 578.03+34.79a 1681.19+37.68a 19.51+0.36a 17.47+0.44a 18.76+0.15a 10.64+0.17a 5.57+0.31a  16.20+0.32a
2022 TBI 975.14+18.12¢ 457.74+6.16d 1432.87+21.91d 18.09+0.21¢ 15.29+0.11¢ 17.09+0.15d 10.64+0.27a 4.99+0.04c  15.64+0.31b
WBDI 1024.65+21.83b 503.87+14.93¢ 1528.53+26.53¢ 18.59+0.25h 16.27+0.37b 17.76+0.06¢ 10.85+0.19a 5.34+0.13b  16.19+0.16a
SDI 1109.20+19.58a 544.94+29.74h 1654.14+43.98b 19.74+0.19a 16.72+0.80b 18.63+0.28h 10.95+0.16a 5.38+0.22b  16.33+0.21a
SBDI 1123.69+11.51a 615.95+7.97a 1739.64+18.91a 19.91+0.11a 18.09+0.33a 19.23+0.16a 10.69+0.05a 5.86+0.06a  16.56+0.10a
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Table 6 Effect of irrigation methods on summer maize yield and component factors

AEfy Sb B PE:D RS Thid/g FERLF= it kg - hm™
Year Treatment Grain number 1 000—grain weight Grain yield
2021 TBI 431.90c 236.25d 7 394.51+154.35d
WBDI 441.29bc 241.47¢ 7721.71+119.83¢
SDI 449.94ab 249.70h 8 141.55+121.13b
SBDI 457.33a 252.77a 8 377.04+51.13a
2022 TBI 431.90¢ 238.23¢ 7 456.26+139.42¢
WBDI 441.29bc 240.16b 7 679.88+113.96b
SDI 450.98ab 252.14a 8240.27+£123.74a
SBDI 457.33a 253.93a 8 415.46+73.26a
R7 BRKAZMEEXRFRKERKS T AR ENZ T
Table 7 Effect of irrigation methods on water consumption and water use efficiency of summer maize
wn P ARERL kit kit R
o /m’~hm /m’~hm /m®+hm kg m™
Year Treatment 10yH(W -W,) P, M ET WUE
2021 TBI -104.80 3512 870 4 486.80 1.65+0.04d
WBDI -59.64 3512 870 4441.64 1.74+0.03¢
SDI 37.77 3512 525 3999.23 2.04+0.03b
SBDI 125.76 3512 525 3911.24 2.14+0.02a
2022 TBI -43.26 2790 990 3 823.26 1.95+0.04d
WBDI 3.84 2790 990 3776.16 2.03+0.03¢
SDI 40.67 2790 600 3349.33 2.46+0.04b
SBDI 71.08 2790 600 3318.92 2.54+0.02a
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