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Water Use Efficiency of Maize in Black Soil of Cold Regions
Based on Stable Carbon Isotopes
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Abstract; In order to further investigate the influence of different irrigation systems on water use
efficiency of maize in black soil of the cold regions, based on the experimental data of maize fields, the
patterns of water consumption and water use efficiency were analyzed at different scales, in order to find a
irrigation scheme that meets the requirement of water saving and high yield of maize in Northeast China;
the relationship between stable carbon isotope resolution ( A”C) and water use efficiency ( WUE) of
maize leaves and grains was analyzed, the indicated effect of stable carbon isotope discrimination of maize
on water use efficiency of different levels of crops was validated. The results showed that the irrigation
quota was 800 m’/hm’ during the whole growth period, and the corn yield was up to 14 920. 62 kg/hm” at
four times, but the yield level of water use efficiency ( WUE,) was low; the whole growth period
irrigation quota was 600 m’/hm?®, four times irrigation maize WUE, was up to 3. 74 kg/m’, but yield was
low. Considering yield and water use efficiency, the conclusion was drawn that the irrigation scheme that
met the requirement of high water saving and yield of maize in this area was irrigation quota of 800 m’/hm’
and irrigation three times ( at seedling stage, jointing stage and tasselling stage) in the whole growth
period. At this situation, the WUE of maize was 3. 65 kg/m’, and there was no significant decline in
output. The stable carbon isotope discrimination of maize leaves at elongation stage (AL, ), leaf carbon

isotope discrimination at fruit maturation stage ( AL.) and fruit carbon isotope discrimination ( AF') were
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between 0.451% and 0.542% , 0.505% and 0.598% , 0.496% and 0.526% , respectively, AL and
AF were negatively correlated with WUE,, WUE  and WUE_, respectively. Furthermore, AL showed a
better indicating capacity on WUE than on WUE; under different water treatments, the effect of AF on
WUE, was better than the effect of AL on WUE,. Thus AL and AF could be used as important evaluation

indexes of WUE, and WUE, in crop leaves respectively, the results can provide theoretical support and

data reference for maize production in Northeast China.

Key words: maize; water use efficiency; irrigation system; stable carbon isotope; discrimination
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Fig. 1 Rainfall during maize growth stages
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Tab.1 Design of experimental treatments

LhFR BEWES/ (m’hmTP)  WOKREC NXKHEKE/m®
L1 800 4 2.08
12 700 4 1. 82
L3 600 4 1.56
14 500 4 1.30
L5 800 3 2.77
L6 700 3 2.43
L7 600 3 2.08
L8 500 3 1.73
L9 800 2 4.16
L10 700 2 3. 64
L11 600 2 3.12
L12 500 2 2. 60
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Fig.2 Daily average water consumption intensity curves

of maize under different irrigation treatments at different

growth stages
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Tab.2 WUE,, WUE,, ET, Y and WUE, of maize under different irrigation treatments and growth stages

_— AT g8 4] o1/ v/ WUE./
b 3 WUE,/ WUE, / WUE,/ WUE, / '
A i i i . mm (kg hm %) (kgem ™)
(pmol+mmol ') (mol-mmol ') (wmol-mmol ')  ( mol-mmol ~")
L1 7.90¢ 104. 311 29. 84" 140. 28* 424. 16" 14 920. 62° 3.58°
12 9.75% 149. 38" 23.80" 139.72° 412. 04" 14 511. 02" 3.52°
4 L3 10. 03* 168.19* 14. 64° 138.27° 379.77¢ 14 293. 94¢ 3.74"
L4 8.21° 158. 42 11.03¢ 87. 85" 399. 57° 14 220. 88" 3.52°
CK 9.47" 129. 45° 8.43° 73.15¢ 378.06° 11 180. 43¢ 2.96"
L5 7.73¢ 110. 18¢ 26.97° 161. 14° 403. 11" 14712.47" 3.65°
L6 7.56¢ 113.20° 20. 76" 103. 07" 414. 64° 14 769. 10* 3.56"
3 L7 9.87° 156.26° 13.59°¢ 99.21° 399. 81° 13 886. 19° 3.47"
L8 8. 60" 154. 98" 12.26¢ 80. 22 402. 21" 12 629. 38" 3. 141
CK 9.47° 129. 45" 8.43° 73.15¢ 378.06¢ 11 180. 43¢ 2.96°
L9 8.67" 128.75¢ 15.75° 131.87° 428.73° 12748.61" 2.97°
L10 8.67" 125. 34 14.47¢ 104. 75" 418. 27" 12 904. 69* 2.96°
2 Ll 8.19° 112. 30" 11.84° 100. 94° 405.77°¢ 11778. 83° 2.90°
L12 9. 05 137. 16* 10. 32¢ 88. 521 386.81¢ 11 397. 521 2.95°
CK 9.47° 129. 45" 8.43° 73.15° 378. 06° 11 180. 43¢ 2.96°
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HT 3 AR AN (7 R B A LR R T
B R 67 3R 0 B A (AL, ) ZZ AL JE B O 0.451% ~
0.542% , AU J AVRF KL 8% [ 5 38 70 B3R (AL

AF) 754k 38 Bl 43 511} 0. 505% ~0.598% 0. 496% ~
0.526% . ¥ 1 #9 L11 4 ¥ E Kk AL, i K, K
0.542% , A [ CK Ak B & iy 17 18.34% o nL 24
L10 b ¥ AL, ¢ K L7 kb3 AF 5 K, 40 9 K
0.598% ,0.526% , A It T CK &b 3 7 ) & 3 T
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Change of " C discrimination (A”C) in leaves (AL) and fruit (AF) of maize under different irrigation treatments
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Tab.3 Correlation coefficients between AL, AF and WUE, ET and Y under different irrigation frequencies
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Fig.4 Relationships between AL;, AF and WUE, ET and Y under different irrigation treatments
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WA B R R . HEE A2 Al 800 m’/hm® YK 4 W)
8 H FEZK 5 B2 J R, e KB 5. 89 mm/d, i &
%ok 500 m*/hm® K 2 Y G HORE K B8 f
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