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Abstract; Aiming to solve waterlogging stress, an obstacle that limits agricultural production under rain-
shelter cultivation in southern China, and quantitatively evaluate the possible influences of biochar on
alleviating damage to crops caused by waterlogging stress, tomato was taken as the experimental object,
and the effects of different groundwater tables and biochar application rates on water consumption, soil
redox potential and yield were analyzed systematically by soil column experiments. The results showed
that the shallower the groundwater table was, the more serious the influence of waterlogging stress on
tomato was, leading to less water consumption. The total water requirement was significantly reduced with
biochar application. However, the soil water kept by biochar was weakened with the decrease of
groundwater table. The groundwater recharge was decreased with the increase of groundwater depth.
Under the same groundwater table, the application of biochar could significantly increase the contribution
of groundwater to water consumption. Biochar application could increase the soil redox potential and
improve the ventilation performance of soil. When the groundwater table was - 80 c¢cm, 5% biochar
addition could significantly improve tomato yield and water use efficiency, with an increase of 38. 7% and
56.6% , respectively. Groundwater table significantly affected tomato yield, but the interaction of
groundwater table and biochar had no significant effect on yield and water use efficiency.
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Tab.1 Design of soil column experiment of

tomato under rain shelter cultivation

Jog:il W)t/ % SR H WM T KA/ em
CK 0

™ ~40(G40)

0(B0)

T3 ~60(G60)
T4 ~80(G80)
T5 ~40(G40)
T6 5(B5) ~60(G60)
T7 -80(G80)
T8 ~40(G40)
T9 10(B10) ~60(G60)
T10 -80(G80)
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Tab.2 Water consumption and average daily water consumption during whole growth period of tomato
s H¥HEAK &/ (mm-d ") AR H IR K/ mm
9 TFAE A 2R 40 AR A -1y i TRAEAR R R Bt
CK 1.67° 4.76" 2.95° 3.03" 56.72° 137.93* 120. 93" 315. 58"
iV 1.21°¢ 3. 49¢ 1.86 2.10¢# 41. 13" 101. 251 76. 10" 218. 49¢
T3 1.51°¢ 4.11° 2.72¢ 2.71¢ 51.09° 119.19° 111.48° 281.76°
T4 1. 64" 4.27" 2.85" 2.85" 55.77" 123.98" 116. 86" 296.61"
T5 1.11¢ 2.38! 1. 448 1.59" 37.811 68.99' 58.93¢ 165. 73"
T6 1.24¢ 3.39° 2.28¢ 2.25°¢ 42.18° 98.23¢ 93,57 233. 98¢
T7 1.27¢ 4.09¢ 2.88" 2.69° 43. 10" 118. 49¢ 117.95% 279. 54¢
T8 1. 128 2.31' 1.24" 1.50° 38. 00" 67.01" 50. 74" 155.75'
T9 1.15° 3.39° 2.18° 2.18' 38.87" 98. 34° 89.35° 226. 56"
T10 117" 4. 04° 2. 84" 2. 631 39. 84¢ 117.11° 116.29" 273. 24

TE R B S B AR B 3 E AP M, R S AS TR /NG 7 B 27 A L) 22 7 3% (P < 0. 05) , R [l
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X F AR MR KA, 25 AR ) ¢ Ak BRGS0 AR UK R
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Tab.3 Increment of groundwater during whole growth period of tomato
Wi TFAE A R 0 TR Ak 40 2AH W
pos:i R 7K b b KA Ho R K b b KA R AR R KA HR KR HR KA

45 i/ mm FA5/ % 451t/ mm FA 5/ % %5 it/ mm /% 45 it/ mm /%
CK of 0° 0° 0° 0 0 0 0%
T2 4.12° 10.01° 13. 60 13. 43" 14. 59 19. 10° 32.31" 14.78¢
T3 3.01" 5.88" 13. 78 11. 56" 12.42% 11. 14¢ 29,21 10. 37
T4 1. 134 2.02¢% 15. 92 12. 84" 10.91° 9.33° 27.97° 9.43!
T5 1. 444 3.80" 17.03* 24. 65" 20. 23" 34.28" 38.70° 23.35"
T6 1.23% 2.90 13. 63 13. 87" 14. 34 15.33¢ 29.20° 12. 48"
T7 0.59 1.374 14. 39" 12. 14 17.78* 15.07¢ 32.76" 11.72%
T8 2.29% 6.02" 18.26" 27.20° 20.21° 39.77° 41.93* 26. 89*
9 2. 06 5.26" 14. 96" 15. 14" 15. 60" 17. 42 33.88" 14.96¢
T10 1. 53¢ 2. 89 12. 49¢ 10. 65¢ 18.71% 16. 06" 32.73% 11.96"
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Fig.2 Dynamic changing curves of soil Eh after irrigation in blossoming and bearing fruits stage of tomato
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Fig.3 Dynamic changing curves of soil Eh after irrigation in fruit maturation stage of tomato
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Tab.4 Yield and water use efficiency of tomato under

different biochar and groundwater table treatments

e KK R/ Jra/ WUE/  FEokaEtd 377
mm (t-hm™?) (kg'm™>) Wi/ % /%
CK 315.58*  140.04°'  44.38°
T2 218.49%  100.05%  45.79% 30.8¢ -28.6"
T3 281.76°  133.74°"  47.54°" 10. 7¢ —4.5%
T4 296.61"  142.63"¢  48.09°" 6.0" 1.9
T5 165.73"  134.36*0  81.05™ 47.5" 4.1
T6 233.98°  165.10™  70.59" 25.9° 17. 9%
T7 279.54°  194.20°  69.49" 11. 4¢ 38.7°
T8 155.75'  156.77**  100.99° 50.7¢  12.0%*
9 226.56'  189.50*"  83.64" 28.2¢ 35.3%
T10 273.24%  198.36°  72.68" 13. 4" 41.7°
W) 8.73* 15.52*
F HWFKAL 6.37° 1. 64
AW %
0.14 0. 81
R KA

TE o RRTE 0. 05 JKF 22 5% 3%
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