Korean J. Soil Sci. Fert. Vol.50, No.6, pp.674-683, 2017

Korean Journal of Soil Science and Fertilizer

Article

https://doi.org/10.7745/KJSSF.2017.50.6.674
pISSN : 0367-6315 eISSN : 2288-2162

Growth and Yield Responses of Corn (Zea maysL.) as Affected
by Growth Period and Irrigation Intensity

Hyo-Hoon Nam'2, Myung-Chul Seo'*, Hyun-Suk Cho', Yun-Ho Lee', and Young-Jin Seo?
'Crop Production & Physiology Research Division, National Institute of Crop Science, Rural Development Administration, Wanju

55365, Korea

2Bonghwa Herbal Crop Research Institute, Gyeongsangbuk-do Agricultural Research and Extension Services, Bonghwa 36229, Korea

*Corresponding author: mcseo@korea.kr

Received: October 16,2017
Revised: November 15, 2017
Accepted: December 14,2017

ABSTRACT

The frequency and intensity of soil moisture stress associated with climate change has increasing, and the stability
of field crop cultivation has decreasing. This experiment was conducted to investigate the effect of soil moisture
management method on growth and yield of corn. Soil moisture was managed at the grade of WSM (wet soil
moisture, 34.0~42.9%), OSM (optimum soil moisture, 27.8~34.0%), DSM (dry soil moisture, 20.3~27.8%), and
ESM (extreme dry moisture, 16.6~20.3%) during V8 (8th leaf stage)-VT (tasseling stage). After VT, irrigation
was limited. The treated amount of irrigation was 54.1, 47.7, 44.0 and 34.5% of total water requirement,
respectively. The potential evapotranspiration during the growing period was 3.29 mm day”, and upward
movement of soil water was estimated by the AFKAE 0.5 model in the order of ESM, DSM, OSM, and WSM. We
could confirm this phenomenon from actual observations. There was no significant difference in leaf charac-
teristics, dry matter, and primary productivity depending on the level of soil moisture, but leaf development was
delayed and dry weight decreased in DSM. However, dry weight and individual productivity of DSM increased
after irrigation withdrawal compared to that of OSM. In DSM, ear yield and number of kernels per ear decreased,
but water use efficiency and harvest index were higher than other treatments. Therefore, it is considered that the
soil moisture is concentratedly managed before the V8 period, the V8-VT period is controlled within the range of
100 to 500 kPa (20.3~27.8%), and no additional irrigation is required after the VT.
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Yield responses of Zea maysL. as affected by irrigation scheme, WSM (10~33 kPa), OSM (33~100 kPa),
DSM (100~500 kPa), and ESM (500~1500 kPa), during V8-VT.
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Materials and Methods
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Fig. 1. Daily (A) and accumulated (B) irrigation amount according to irrigation schemes. WSM, OSM, DSM, and ESM
respectively stand for wet (10~33 kPa), optimum (33~100 kPa), dry (100~500 kPa), and extreme dry (500~1500 kPa) soil
moisture during V8-VT. V4, V8, VT, and R6 mean growth stage of fourth leaf, eighth leaf, tasseling, and maturity,
respectively.
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Fig. 2. Changes of soil moisture and temperature as affected by irrigation schemes. WSM, OSM, DSM, and ESM
respectively stand for wet (10~33 kPa), optimum (33~100 kPa), dry (100~500 kPa), and extreme dry (500~1500 kPa) soil
moisture during V8-VT.

Table 1. Potential evapotranspiration and upward movement of soil moisture according to irrigation schemes.

i Upward movement of soil moisture
Growth Potential P ' B/A (%)
evapotranspiration (B, mm day™)
stage 1 T

(A, mm day™) WSM OSM DSM ESM WSM  OSM DSM ESM
v4-v8 ' 3.94 0.79 0.79 0.79 0.79 20.0 20.0 20.0 20.0
V8-VT 341 0.56 0.74 0.84 0.93 16.6 21.7 24.7 27.2
VT-R6 2.84 1.00 1.03 1.03 1.05 352 36.2 36.3 36.8
Average 3.29 0.84 0.89 0.92 0.95 255 27.1 28.0 28.9

V4, V8, VT, and R6 mean growth stage of fourth leaf, eighth leaf, tasseling, and maturity, respectively.
TWSM, OSM, DSM, and ESM respectively stand for wet (10~33 kPa), optimum (33~100 kPa), dry (100~500 kPa), and
extreme dry (500~1500 kPa) soil moisture during V8-VT.

A2 713 9 71VIARE 7122 ¢ A SV PET+= 3.29 mm day ' 0|33 V4-V8 3.94, V8-VT
3.41, VT-R6 2.84 mm day™ | 9Tt (Table 1). == LA A ulollA] 2=t 0] 2.85 mm day™ 7102 L=jzl A
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Fig. 3. Diurnal changes of soil moisture as affected by irrigation scheme. WSM (n = 3), OSM (n = 8), DSM (n = 10), and
ESM (n = 12) respectively stand for wet (10~33 kPa), optimum (33~100 kPa), dry (100~500 kPa), and extreme dry
(500~1500 kPa) soil moisture during V8-VT.
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Fig. 4. Leaf characteristics of Zea maysL. as affected by irrigation scheme. WSM, OSM, DSM, and ESM respectively stand for
wet (10~33 kPa), optimum (33~100 kPa), dry (100~500 kPa), and extreme dry (500~1500 kPa) soil moisture during V8-VT.
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Table 2. Relation between leaf area and days after seeding of Zea maysL. as affected by irrigation schemes.

Treatments ' Equations Coefﬁc.ient. of Assumeq maximunjlf leaf area
determination time (DAS")
WSM LA =-2.939 DAS™252296 DAS-5414195745 0.998 63.3
OSM LA =-2.919 DAS™250546 DAS-5376703424 0.997 63.4
DSM LA = -2.867 DAS™246108 DAS-5281505502 0.999 64.9
ESM LA = -2.625 DAS™225378 DAS-4830782235 0.999 65.5

TWSM, OSM, DSM, and ESM respectively stand for wet (10~33 kPa), optimum (33~100 kPa), dry (100~500 kPa), and
extreme dry (500~1500 kPa) soil moisture during V8-VT.
TDay after seeding.
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Table 3. Changes of dry matters (g) as affected by drought after different irrigation intensity during vegetative growth
stage in Zea maysL.

Treatments ' Organs May 18 Jun. 21 Jul. 19 Aug. 16
Sum 7.8 67.8 234.1 261.1
Leaf 2.2 30.7 43.7 34.6
Stem 0.8 30.1 82.7 91.3
WSM
Root 4.8 7.0 19.9 16.2
Flower - - 4.3 3.1
Ear - - 87.1 115.9
Sum 7.8 71.5 243.5 288.2
Leaf 2.2 35.9 45.7 40.3
Stem 0.8 34.9 72.5 87.5
OSM
Root 4.8 6.7 26.0 15.9
Flower - - 4.9 3.2
Ear - - 96.7 141.7
Sum 7.8 72.2 244.6 339.1
Leaf 2.2 34.2 45.7 38.8
Stem 0.8 31.6 72.4 95.9
DSM
Root 4.8 6.4 247 16.6
Flower - - 4.1 3.8
Ear - - 99.7 185.3
Sum 7.8 70.5 247.7 339.1
Leaf 2.2 33.8 45.1 39.5
Stem 0.8 29.9 73.0 113.0
ESM
Root 4.8 6.8 254 20.8
Flower - - 4.3 3.6
Ear - - 101.3 162.6

TWSM, OSM, DSM, and ESM respectively stand for wet (10~33 kPa), optimum (33~100 kPa), dry (100~500 kPa), and
extreme dry (500~1500 kPa) soil moisture during V8-VT.

Table 4. N contents and NRE (nitrogen remobilization efficiency) of Zea maysL. as affected by irrigation schemes.

" N content (g plant™) NRE
Treatment 0
Sum Leaf Stem Root Ear Tassel (%)
WSM 3.81 1.26 1.17 0.25 1.08 0.07 -0.53
OSM 4.74 1.46 1.30 0.35 1.57 0.06 -0.56
DSM 4.96 1.38 1.62 0.50 1.40 0.07 -0.71
ESM 4.47 1.30 1.30 0.48 1.34 0.05 -0.70
LSD (5%) 0.28 ns’ 0.27 ns 0.10 ns ns

TWSM, OSM, DSM, and ESM respectively stand for wet (10~33 kPa), optimum (33~100 kPa), dry (100~500 kPa), and
extreme dry (500~1500 kPa) soil moisture during V8-VT.

"ot significantly different.
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Table 5. Dry matter productivity of Zea maysL. as affected by irrigation schemes.

Relative growth rate (mg-g”-d")  Net assimilation rate (g-m?-d") Crop growth rate (g-m>-d™)

Treatments ' May 18 Jun.21 Jul. 19 May 18 Jun. 21 Jul. 19 May 18 Jun.21 Jul. 19
Jun. 21 Jul. 19 Aug. 16 Jun. 21 JuL 19 Aug. 16 Jun. 21 Jul. 19  Aug. 16
WSM 63.5 443 3.9 7.47 9.50 3.18 2.8 39.5 133
OSM 67.4 36.6 10.3 8.21 7.66 7.37 3.1 34.5 30.4
DSM 65.3 43.6 11.7 7.78 9.60 9.49 2.9 41.6 40.0
ESM 64.6 44.9 11.2 7.69 10.03 8.09 2.9 42.5 33.8

TWSM, OSM, DSM, and ESM respectively stand for wet (10~33 kPa), optimum (33~100 kPa), dry (100~500 kPa), and
extreme dry (500~1500 kPa) soil moisture during V8-VT.
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Fig. 5. Yield components, water use efficiency, and harvest index of Zea maysL. according to irrigation scheme. WSM,
OSM, DSM, and ESM respectively stand for wet (10~33 kPa), optimum (33~100 kPa), dry (100~500 kPa), and extreme
dry (500~1500 kPa) soil moisture during V8-VT.
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