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Water Use Efficiency of Barley, Wheat and Millet Affected by
Groundwater Table under Lysimeter

Beom-Ki Kim, Hyo-Young Gong, Jae-Sig Shim, and Soon-Dal Hong*

Department of Agricultural Chemistry, Chungbuk National University, Sungbong-ro 410, Gaeshin-dong,
Cheongju-si 361-763, Republic of Korea

This experiment was conducted to evaluate water use efficiency of barley, wheat, and millet as a substitution
crop for rice of fallow paddy field. Dry weight (DW), evapotranspiration, and transpiration of crop grown on
the lysimeters controlled with 5 levels of groundwater table (GWT), 0, 25, 50, 75, and 100 cm were evaluated
for optimum GWT and water use efficiency. All the lysimeters randomized with four replication armangements
were filled up sandy loam and were adjusted to the constant bulk density treated with twice water infiltration
from bottom side to upper side of lysimeter. DW of barley, wheat, and millet in the plot of 0cmmn GWT that is
saturated soil showed 34.9%, 44.7%, and 37.1% of that in the plot of 100 cm GWT, respectively showing a
serious obstacle in crop growth. Evapotranspiration ratios calculated by evapotranspiration volume (mL) per
DW were 166~605 mL for barley, 136~481 mL for wheat, and 81~418 mL for millet showing the order of
barley > wheat > millet. Evapotranspiration ratio was increased with decrease of groundwater table that is the
condition of moisture saturation. Estimation of GWT for maximum DW of wheat was 76 cm, and those of
barley and millet were 100 ¢cm below. The volumetric moisture content of lysimeter soil with cropping was
markedly decreased as increase of crop growth because moisture supplying capability by capillary rise of
water was less than amount of moisture required by crop.
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Table 1. Physico-chemical properties of experimental soil.
Exchangeable cation Bulk
pH EC oM T-N NOs-N Av. P,0Os CEC .
K Ca Mg Na Density
(1:5) dS m' B N S — mg kg s e 1) P Mg m”
8.0 0.80 861 085 73.1 370 0.11 141 023 001 6.61 1.34
Table 2. Application rate of fertilizer.
Crop N P,0Os K,O
Basal Additional Basal Basal
kg ha
Barley 78 45.5 68 30
Wheat 78 45.5 68 30
Millet 130 - 75 75
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4] TDR (Time Domain Reflectometry)AllA] (model
Trime—fm, Imko Co,, Ettlingen, Germany)E& ©°]-&
stof wlel STt o Ade] §ASERTHE cali-
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Table 3. Above-ground dry matter weight of crops affected by different groundwater table.

Growth DW DW yield index
Crop period Ocm 25cm  50cm 75 cm 100 cm Ocm 25cm  50cm 75 cm 100 cm
------------------------ g plant'] %
Barley 57days 24.0e" 44.8d 50.0c 75.4b 68.7a 34.9 65.2 72.8 109.8 100
Wheat 57days 34.1d 64.0c 72.3b 77.9a 76.3ab 447 83.9 94.7 102.1 100
Millet 66days 49.8¢c 97.6b 100.2b 119.8a 134.0a 37.1 72.8 74.8 89.4 100

' Duncan's multiple range test.
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Table 4. Total amount of evapotranspiration and transpiration affected by different GWT during the growing season.

Crop GWT-0 cm GWT-25 cm GWT-50 cm GWT-75 cm GWT-100 cm
L lysimeter'l)
Barley 14.5 15.3 12.1 15.3 11.4
Total amount of
o Wheat 16.4 26.7 17.2 12.5 10.4
evapotranspiration
Millet 20.8 21.9 14.1 12.4 10.9
Barley 3.0 5.5 5.6 8.5 53
Total amount of
o Wheat 10.7 16.0 10.7 57 42
transpiration
Millet 5.6 10.6 7.0 4.8 43

Table 5. Percent of evapotranspiration efficiency, transpiration efficiency, evapotranspiration ratio, and transpiration ratio

affected by different GWT during the growing season.

Crop GWT-0 cm GWT-25 cm GWT-50 cm GWT-75 cm  GWT-100 cm
Percent of Barley 0.17 0.29 0.41 0.49 0.60
evapotranspiration Wheat 0.21 0.24 0.42 0.62 0.74
efficiency ¥ Millet 0.24 0.44 0.71 0.97 1.23
Percent of Barley 0.80 0.82 0.89 0.89 1.29
transpiration Wheat 0.32 0.40 0.68 1.37 1.80
efficiency ¥ Millet 0.90 0.92 1.43 2.49 3.13
Barley 605 343 243 203 166
E t] irati
vapotranspitation Wheat 481 417 238 161 136
ratio§
Millet 418 225 140 103 81
Barley 124 122 112 112 77
Transpirati
ranspiation Wheat 314 251 148 73 56
ratiof
Millet 111 109 70 40 32

' Percent of evapotranspiration efficiency was calculated by [above-ground dry matter (g)

/ total amount of evapotranspiration (mL)] x 100

¥ Percent of transpiration efficiency was calculated by [above-ground dry matter (g) / total amount of transpiration (mL)] x 100
'”Evapotranspiration ratio was calculated by total amount of evapotranspiration (mL) / above-ground dry matter (g)

Y Transpiration ratio was calculated by total amount of transpiration (mL) / above-ground dry matter (g).

Els

5 Z7et Ashiel 4
*g 1_4 o A 4
4 = g oln 927
% o] ojups

t} (Crawford, 1977; Salisbury and Ross,

e
=3
Yy o
%

%

l

42 > 2 o

S572

l'>' olN 1’)4’

N
]

A=
H=

1992).

22 Qw717 =
o) Waks fARtEL.
GWT-75 cmol|A] 1]
714 WOkt (Table 4), |5
H B olgags Bk
o ZAlFES HHES At

¥ & 100 mLEZFE AR 2AF

74¢ 0.17~0.60 g,

= 4>
A
=}
ol
pol
o

27
oft
_:;1
o|X
2
oﬁ

2 o]\
ol

TRl
ri fr OlN e

(@)
=
?\-ﬂ
e
_‘ﬂT‘g’
ll
411

o
2
(m

<>$“r
o
o
>

9

Bl B¢ 0.80~1.29 g, W2 0.32~1.80 g, ==
0.90~3.13 g9 Ex2A FHiFES HAERT =
< = H3tHTable 5). A 3 SARFES Al
E nE AEEEs 2 ) 8 ) 2 $olgjlen X5t
TR AEAE 25 0 cmoflA] 100 cm A[5}4=9]
2 Sopdes %ﬂﬂi AEFE Btk ol Alskee]
7} Goldas, 2R RS 204
e =5 E‘;oi 1:1 o XI—E— Ag/\]—‘d— = 9
GWT-100 cmol|A] ZHRAIELL He] U =7} 27+
0.6, 0.74, 1.23 g mL™', 243 % 1,29, 1.80,
3.13 g mL o2 7P o z,:ro]% 9 Elic}
AR AET 1 g2 Akt 3&1 He|of
AH]E2 166~605 mL, WL 136~481 mL, X=

I3

81~418 mLo BxzA Ha > W > %9] 20]9
Heo] ZARFH|IELS 77~124 mL, WL 56~314 mL,

Fi 32~111 mLEA W ) ®e] ) 29| Zolgl), Ed



Aspeglof] wE He, 9, 29| sEoldas 257
At SEAT B SIS 100 em AShple] AAyeFo]l kA= Drew and Sisworo (1979),
Al 0 em RetpRIR, & $ESE 208 7}—,i 27} Trought and Drew (1980), Lee and Ku (1995)2] &

sl

z7}
314,

Fig.

Dry weight (g plant!)

E3] GWT-0 cmof|A 9] z‘ﬂ“]“j] He,
Z¥7b 605, 481, 418 mL g ' %&Hl%% 124,

Ul mL g "2 7H We fEol S-S vhehich

MH[E AskRlol wt
S| BA (Fig. 2)+= R,
‘;&% 100 cm 2o R A=
| 24 A

¢ At ol
Axsigon &

ﬁ\_i‘ﬂ

F

T

+Barley
Wheat
A Millet

<Millet=R*=0.593

<Wheat> R*=0.977%

=Barley> R*=0.9163

25 50 75

100

Ground water table (cm)
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Fig. 3. Relationship between groundwater table and trans-

piration ratio by badey, wheat, and millet.
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Fig. 4. Seasonal changes of volumetric water content at
different depth of lysimeter without crop.

Table 6. Optimum groundwater table for maximum dry weight of shoot of crops.

Crop Regression equation (0 cm < X < 100 cm) Groundwater table at maximum dry weight
Barley Y =-0.004X>+0.8802X+23.58 (R’ =0.9169) 100 cm below

Wheat Y =-0.0075X7+1.1422X+35.92 (R*=0.9779) 76 cm

Millet Y =-0.00057X+1.3355X+55 (R*=0.9361) 100 cm below




258 H47) -

= 10cm depth
""""" 25¢m depth
- - -50cmdepth
— 75cm depth

Volumetric water content (%o)

8 B @ P
SRR

& & \o"\ » &
o ¢

& ") \ n’

\@ &

ay
Date

Fig. 5. Daily changes of volumetric water content at
different soil depth of lysimeter grown with badey.
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