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Effects of different irrigation methods on root morphological and physiological
biochemical characteristics of maize in the West Liaohe Plain
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Engineering Technology Research Center, Tongliao, Inner Mongolia 028042, China;
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Abstract; To provide a theoretical basis for regulating nitrogen and water utilization efficiency with fertigation
in maize, the effects of three main irrigation methods of shallow buried drip irrigation (SBDI) , traditional border ir-
rigation (TBI) and mulched drip irrigation ( MDI) on morphological, physiological and biochemical characteristics
of maize roots in the irrigation area of the West Liaohe Plain were studied. In the field contrast experiment, Nong-
hua 101 was used as the testing maize variety , the planting mode was wide-narrow row (80 cm+40 c¢m) , the plant-
ing density was 75 000 plants -+ hm™, and the irrigation quota was 3 150 m’ - hm™ for SBDI and MDI, and 4 500
m® « hm™ for TBI.The root morphology, physiological and biochemical indexes and grain yield of maize were meas-
ured and analyzed under the condition of field contrast test.The grain yield of SBDI and TBI was all higher than that
of MDI, and the difference with MDI reached a significant level, which was 5.75% and 4.62% higher in 2017 and
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13.82% and 7.25% higher in 2018. During the silking stage, in the 0~20 cm soil layer, the total root weight of
MDI and SBDI was 15.72% and 8.21% higher than that of TBI, respectively, and there were significant differences
between SBDI, MDI and TBI. During the mature stage, SBDI was 10.96% and 11.95% higher than that of MDI
and TBI, and there were significant differences between SBDI and MDI, TBI. At silking stage, the root range of
MDI was the highest in 10 e¢m soil layer, and the root width was highest in SBDI and lowest in the MDI in 30 em
soil layer. There were significant differences between SBDI and MDI. During the silking stage, the number of roots
of MDI was the highest at 10 em and 20 em soil layers, while TBI was the lowest, and the difference between them
was significant. The number of roots for both SBDI and TBI in the soil layer of 30 cm were significantly higher than
that of MDI. In the 0~20 cm soil layer, the root length of MDI was the largest, while that of TBI was the smallest at
silking stage. But at mature stage the root length of SBDI was the largest, and that of MDI was the smallest. At sil-
king stage, the SOD and POD activity of root were not significant between treatments in the 0 ~20 cm soil layer,
and the highest was in TBI and the lowest was in the MDI at milking stage with significant differences between TBI
and MDI. At silking stage the MDA content of root were not significant between treatments in 0~20 cm soil layer,
but in 40~60 cm soil layer, the MDI was significantly higher than SBDI and TBI. At later growth stage, the root
SOD and POD activity of SBDI decreased slowly, while the SBDA content increased slowly. The strong activity of

maize roots in the late growth stage was an important physiological basis for its high yield and high efficiency.

Keywords: maize; irrigation methods; root morphology; root physiology; West Liaohe Plain
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Table 1 Irrigations cheme

BT HERRK

TR Tirigation stage

IStV

Imigation  Iigation 4RI WM oo i) W 10d  W2F20d  Tol imigation
methods  frequency After sowing Jointing stage Flare opening stage  Silking stage 10 d after silking 20 d after silking quantity
SBDI 6 550 350 350 800 550 550 3150
MDI 6 550 350 350 800 550 550 3150
TBI 4 1125 0 1125 1125 0 1125 4500

T + 2% Ak TR A AR 214 3 T R A P M E U SE | D TE A K

Note: The irrigation amount of each treatment was determined according to the local maize production irrigation quota, which was sufficient irrigation amount.
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Table 2 Effects of different irrigation methods on

maize yield and its components

s RIECOBERC Log e
AR o Effective Gain . )
Irrigation . 1000 grain Yield
Year thods spike number eht/g / -
methods /(10* - hm2) per spike weight/g  /(t + hm™)
SBDI 7.28a 503.69a 405.62a 13.75a
2017 MDI 7.18ab 496.53a 376.22c¢ 12.96a
TBI 6.93b 507.52a 400.62b 13.56a
SBDI 7.31a 509.49a 445.21a 15.62a
2018 MDI 7.21a 503.24a 397.33¢ 13.72b
TBI 7.09a 500.47a 423.36b 14.71a

TE B S B+ PR 22 s OIS AN TR)/N G 7 R R OR [R] — 4 A b
] 22 57 .3 (P<0.05) ; Tl
Note: Data is mean=SD. Different lowercase letters indicate signifi-

cant differences in a year( P<0.05). The same below.
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Table 3  Effects of different irrigation methods on vertical

distribution of maize root dry mass (2018)/(g - plant™")

- i@{%ﬁﬁ FJZBRIE Soil depth/em 4
. rrigation Total
Stage methods  0~20  20~40 40~60  Tota

SBDI 18.45a 1.1la  0.36a 19.92a
MDI 19.73a 0.89b  0.21b  20.83a
TBI 17.05b  1.26a  0.38a  18.69b
SBDI 14.76a  0.63b  0.33b  15.72a
MDI 13.02b  0.43¢  0.12¢  13.57b
TBI 12.83b  0.88a  0.4la 14.12b
SBDI 12.55a  0.34b  0.28b 13.17a
MDI 11.31b  0.3lc¢  0.10c  11.42b

Mature stage
TBI 11.21b  0.46a  0.38a  12.05b

23]
Silking stage

FLEA
Milking stage
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Fig.1 Effects of different irrigation methods on root range of maize (2018,silking stage)
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Fig.2 Effects of different irrigation methods on root number per plant of maize(2018)
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Fig.3 Effects of different irrigation methods on root legth per plant of maize(2018)
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Table 4  Effects of different irrigation methods on root

enzyme activity and MDA content of maize (2018)

R LR MR

Growing Soil

SOD POD MDA
/(U-g™)y /(U-g")/(nmol - g")

Irrigation
stage  depth/em  methods

SBDI 171.84a 69.35a 6.74a
0~20 MDI 166.13a 71.50a 6.70a
TBI 160.77a 65.58a 7.16a

122 1Y SBDI 109.70ab 58.06a 8.08a
Silking 20~40 MDI 98.55b 48.29b 8.71a
stage TBI 126.20a 56.48a 8.49a

SBDI 101.44a 47.24a 9.15b
40~60 MDI 75.97b 43.67a 11.35a
TBI 105.83a 46.43a 10.02b
SBDI 189.57ab  84.33ab 8.12a
0~20 MDI 171.26b 75.71b 8.59a
TBI 196.47a 91.40a 7.81a

LBy SBDI  151.58a  65.97a  9.62b
Milking 20~40  MDI  141.69b  63.62b  11.59a
stage TBI  148.06a  68.81a  10.68ab

SBDI 9.62b 57.21a 11.13b
40~60 MDI 11.59a 50.78b 12.89a

TBI 10.68ab 54.35a 11.26b
90T (b)FL # W) Milking stage
T 7St
0 a ab
% 60 a ab b [
= b =3
o
S5k a
2 45 b a
S
=]
&~ 30
.R
Ju
W& 15
=
0 . .
0~20 20~40 40~60
+ )2 K FE Soil depth/cm
O MDI O TBI

B4 AREBRAXNERRRENHN (2018 £F)

Fig.4 Effects of different irrigation methods on root activity of maize (2018)
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