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Effects of Water and Fertilizer Supply on Physiological and Cadmium Enrichment
and Transfer Characteristics of Brassica juncea under Separate Furrow Irrigation
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(1. Agriculture College, Jiangxi Agricultural University, Nanchang 330045, China
2. Department of Economic Management, Jiangxi Youth Vocational College, Nanchang 330045, China
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Abstract; Mustard biomass and heavy metal enrichment and transfer characteristic under the separate
furrow irrigation was studied, which plays an important role in the phytoremediation of soil heavy metals
pollution. The experiment was conducted from March, 2014 through November, 2015, the irrigation
frequency (13, 14 and 15 were irrigated 3, 4 and 5 times, respectively, and the irrigation amount was
0.15 m) and frequency of fertilizer ( base fertilizer was 0.74 g/m’, fertilizer amount was 1.3 g/m’,
according to water consumption of 0. 01 m, according to frequency of FO, F1, F2, F3 and F4) were set
up as two factors. Results showed that under the influence of irrigation frequency, mustard leaves of super
oxide dismutase (sod) activity and proline were increased with the increase of irrigation frequency,
malondialdehyde was on the decline. Biomass, cadmium mass fraction, cadmium enrichment coefficient,
cadmium total accumulated amount of cadmium of 14 was increased by 12.33% ~89.71% , 5.00% ~
44.33% , 0.50% ~55.36% and 22.22% ~114.81% , and those of I5 were increased by 19.21% ~
87.37% , 24.00% ~93.51% ,13.44% ~112.30% and 77.42% ~ 168.75% , respectively, compared

with those of I3. The growth of biomass in the aboveground was greater than that of the root, but the root
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of the cadmium mass fraction, the cadmium concentration coefficient and the total amount of cadmium
accumulation were greater than the ground. In the influence of fertilization frequency, mustard of
biomass, cadmium mass fraction, cadmium total cadmium accumulation and cadmium enrichment
coefficient under high frequency fertilization (¥4) were increased by 22.55% ~99.71% , 30.68% ~
87.40% , 37.80% ~ 112.20% and 71.43% ~213.51% than those under low frequency fertilization
(F1), respectively, the roots growing rate was greater than the grounds in low frequency irrigation, and
the middle and higher frequencies of irrigation the ground was lower than the roots. In addition, the
cadmium transfer coefficient was decreased slightly with the increase of supply of water and fertilizer, but
the overall maintenance level was high. Through model simulation and verification, the result showed that
the ability of mustard heavy metal repair to be consistent with the frequency response of water and
fertilizer.

Key words: separate furrow irrigation; water and fertilizer supply frequency; mustard; cadmium
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Tab.1 Experiment scheme of mustard irrigation and fertilizer supply frequency under separate furrow irrigation
2014 4 2015 4
I Jiti — —
K H it NE H 4] K H Jiti AES 30
13 FO 3/11.4/29 .5/09 3/20.5/10 .5/25
13 Fl1 3/11.4/29 .5/09 3/11 3/20.5/10.,5/25 3/20
13 F2 3/11.4/29 .5/09 3/11.5/09 3/20.5/10.5/25 3/20.5/25
13 F3 3/11.4/29 .5/09 3/11.4/18.5/09 3/20.5/10.5/25 3/20.5/10.5/25
13 F4 3/11.4/29 .5/09 3/11.3/30.4/18 .5/09 3/20.5/10.5/25 3/20.4/20.5/10.5/25
14 FO 3/11.4/18 4/29 .5/09 3/20.4/20.5/10.5/25
14 Fl1 3/11.4/18 4/29 .5/09 3/11 3/20.4/20.5/10 .,5/25 3/20
14 F2 3/11.4/18 4/29 5/09 3/11.5/09 3/20.4/20.5/10.5/25 3/20.5/25
14 F3 3/11.4/18 4/29 .5/09 3/11.4/18 .5/09 3/20.4/20.5/10.5/25 3/20.5/10.5/25
14 F4 3/11 .4/18 4/29 .5/09 3/11.3/30.,4/18 .5/09 3/20.,4/20.5/10.5/25 3/20.4/20.5/10.5/25
15 FO 3/11.3/26 4/18 4/29 5/09 3/20.4/05 .4/20.5/10.5/25
15 F1 3/11.3/26 4/18 4/29 5/09 3/11 3/20.4/05 .4/20.5/10.5/25 3/20
15 F2 3/11.3/26 4/18 4/29 5/09 3/11.5/09 3/20.4/05 .4/20.5/10 .5/25 3/20.5/25
15 F3 3/11.3/26 4/18 .4/29 .5/09 3/11 4/18 .5/09 3/20.4/05.4/20.5/10.5/25 3/20.5/10.,5/25
15 F4 3/11.3/26 4/18 4/29 .5/09 3/11.3/30 .4/18 .5/09 3/20.4/05.4/20.5/10.5/25 3/20.4/20.,5/10.,5/25
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Tab.2 Effect of irrigation and fertilizer supply frequency on mustard leaf physiological indicators

2014 4E 2015 4
THE Jite A R AL B AL/ W/ MERF L, B R W/ i 2 R I it L/
(U-g™") (pmol-g~") pgegh) (U-g™") (pmol-g™") (pg-g™")
3 FO 40.35°¢ 1.26° 4.52°¢ 45.32° 1.28° 5.12¢
I3 Fl 62. 45" 1.21° 7.48% 68.07° 1.26° 6. 67
3 F2 75. 241 1.18° 8.21¢ 77. 62° 1.24° 7.25°
3 F3 89. 36 1. 14 9. 451 84.21° 1.20% 8. 88"
3 F4 104. 65° 1. 10 10. 67 93.22%" 1. 15" 9.63¢
4 FO 120. 74° 0.96" 14.42°¢ 114.211 1.08" 13.67"
14 Fl 156. 34" 0.88" 15.23° 148. 66" 0.94" 14. 34"
4 F2 205.31" 0.83" 17. 02" 176. 24 0.85" 15.85"
4 F3 235. 34" 0. 73" 19. 44" 209. 34¢ 0.81° 16.23"
4 ¥4 254, 32" 0.70° 20. 32" 234.12° 0.74° 18. 65"
15 FO 305. 12 0. 66° 21.46% 286. 34" 0. 68" 19. 65"
15 Fl 349.21a 0.63¢ 22.04% 314. 67 0.64°¢ 20.18*
15 F2 368. 34° 0.58< 23.45° 342.15° 0.58 21.35°
15 F3 379. 82" 0. 54 24. 34" 364. 55" 0.52¢ 22. 84"
15 F4 394, 65° 0.52¢ 25.42° 385. 24" 0.50" 23, 14°
T W B AN W] /NG S 5 7R 22 57 3 1 /KF P <0.05,
Y7 ot 1w X . 11 ot b maan 8

PEL 1 [ 9 8 TR T R Rt S A3 X S 4 AR ) 5
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Effect of irrigation and fertilization frequency under separate furrow irrigation on mustard biomass
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Tab.3 Effect of irrigation and fertilizer supply frequency on Cd mass fraction and enrichment coefficient

under separate irrigation

2014 4 2015 4
THE % it FEL B/ (mgkg ™) AR R/ (mg-kg ") wHERK
S B 1 MR Hh b MR b 1 R
3 FO 45.67" 58. 12 11. 03" 14. 04¢ 39.28¢ 52. 15" 9.49° 12.60°
3 F1 55.08% 62. 34¢ 12.93¢ 14. 63" 49,371 57.37° 11.59% 13.47¢
3 F2 67. 38 69.23% 14.71°% 15.12¢ 59.73¢ 64.32% 13. 049 14. 049
3 F3 74.03¢ 76. 16 18.37 18. 901 68.76" 70. 16¢ 17.06¢ 17. 41
3 F4 78.12°¢ 85.29 18. 47 20. 16 72.07" 79. 46 17.04¢ 18.78°¢
4 Fo 50. 8¢ 55.34" 10. 79" 11.75¢ 43.82% 50. 17" 9.30°¢ 10. 65°¢
4 F1 57.83% 65. 69¢ 13. 00 14.76 51. 844 60. 24 11.65% 13. 5449
14 F2 81. 82" 94,26 19. 53" 22.50¢ 74. 04" 82. 76 17.67°¢ 19.75°¢
4 F3 84. 24" 108. 04° 22.29% 28.58¢ 78. 49" 94.28¢ 20. 76" 24. 94"
14 F4 87.35" 123. 1" 22.23"% 31.320 82. 04 108. 35" 20. 88" 27.57°
15 FO 63.76¢ 65. 28 15.111¢ 15. 47 58.29° 58.38° 13. 814 13. 834
15 F1 75.67°¢ 94,12 18. 68 23,24 68. 39" 85. 93¢ 16. 89°¢ 21.22¢
15 F2 88. 120 120. 53" 23.13° 31. 64" 81.43" 105. 63" 21.37" 27.01°
15 F3 95. 24 147. 38" 20. 84" 32.25" 88. 58" 123. 42 19. 38" 27.72°
15 F4 105. 34* 160. 92° 28.02° 42.80° 89.37° 135.22° 23.77° 35.96°
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Fig.2 Mustard cadmium accumulation amount and transfer coefficient under influence of irrigation and fertilization frequency
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Tab.4 Biomass response model of regression coefficient value and goodness of fit tests

e =8 o b RS
o - CEES ! P fal 7 5 ‘ P
8.56 4.771 0.000 6 5.80 7.718 0.000 1
A A -0.02 -2.860 0.0155 -0.51 -5.032 0. 000 4
P -0.12 ~4.496 0.000 9 -0.56 -7.621 0. 000 1
5.32 7.994 0.000 1 6.36 7.739 0.000 1
8 I3 1 L A -0.01 -5.383 0.000 2 -0.57 ~5.099 0.000 3
P -0.07 -17.502 0.000 1 -0.49 ~5.943 0. 000 1
& 5.69 6.554 0.000 1 6.61 7.619 0.000 1
R A -0.01 -4.098 0.001 8 -0.56 - 4.694 0.000 7
P -0.07 -5.878 0.000 1 -0.50 -5.784 0.000 1
e 9. 41 8.789 0. 000 1 11.17 8.272 0.000 1
% R i A -0.02 -5.220 0.000 3 -1.01 -5.154 0. 000 3
© -0.11 -6.998 0.000 1 -0.92 -6.479 0.000 1
T d o 20 BRI (2) R EL
16 100 30 1400
~ lf —~ 80 25 _ 1200 .
% 12 b r=5.1122 a] 25437 #& 10001 r=116.2194 ¢
., 10 w60 o 800
s = B = 600
i®
= 6 g 4 y=1008x < 19 YRR AU z y=1.022x
® 4 R=0.739 Z 5 R*=0.884 R=0.845 ® 400 R*=0.870
5 200
2 2!
*
0 ; . . 0 0 0
0 5 10 15 0 20 40 60 80 100 0 5 10 15 20 25 0 500 1000 1500
LI/ (- B 7) FEME (mg - kg™) SLHE FIUE (mg - B )
(a) 3 ¥R L (b) Hby &5 4 R BT L (o) b B EE B HE R (d) Hhy ¥R 5 4 B SRR
2.8 160 450
2.4 140 400 2
T a0 Tp 120 % 30 12344016
B - ~ 100 ¥ 300
éj’ 16 § 80 Eﬂ 250
1 = 5%
& 08 = =
=" &® 40 % 100
0.4 20 50
00 0408 121620242832 0 20 40 60 80 100120140160 0 5 10 15 20 25 30 35 40 0 100 200 300 400
SEMHE (g B SEM{E/ (mg + kg ™) SMAE SEM{E/ (mg » BE)
(e) ARFFAE Y (f) FERE 4B R AL EL (o MBELBEEERL (h) AR 4 R
B3 JrseA e MR 4 R B AR 0B R 0 I
Fig.3 Model validation of mustard biomass and heavy metal accumulation characteristics
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