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Abstract: Rhizobox culture method was employed to investigate the effects of biochar and pectin on nutrient
and heavy metals migration in soil-plant system irrigated by reclaimed water. The results showed that
reclaimed water irrigation did harm to the plant growth. Plant grew better in pectin treatments than biochar
though there was no significant difference between the both. When irrigated with reclaimed water, the shoot
biomass in pectin treatments were 59. 32% higher than CK. Compared with distilled water irrigation,
reclaimed water irrigation increased the soil pH. When the irrigation water was same, the soil pH of pectin
treatments was a little lower than the biochar treatments. Both the biochar and pectin treatments raised the
soil nutrient contents, and pectin performed better for the increase in soil available nitrogen, available
phosphorous and organic matter, while biochar resulted in the higher increase in soil available potassium.
Biochar enhanced the plant nutrient contents, and pectin improved the transport capacity of nutrients.
Bichoar decreased the soil available Fe, Mn, Cu, and Ni contents, but pectin increased the soil available Fe,

Mn, Cu, Pb, Ni contents. The heavy metals contents in plant roots under pectin treatments were generally
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higher than that of biochar treatments. Take the distilled water irrigation for example, the Fe, Mn, Cu, Zn,
Pb, Cd, Ni contents in plant roots of pectin treatments were 165. 29%, 113. 01%, 21. 16%, 92. 74%,
14.61%, 26.86% and 53. 43% higher than that of biochar treatments. Fortunately, the translocation factors

of Cu, Zn, Pb, Cd, Ni in pectin treatments were lowest. This study could provide the theoretical basis for

the agricultural safe utilization of biochar and pectin in north alkaline soil with reclaimed water irrigation.

Keywords: reclaimed water; biochar; pectin; plant growth; nutrient; heavy metals
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R3 HYBRRIRBRNBAEKEREEKFTSSENE M
=¥ A Xf 1R Yk R
LE [l 56 73 ZIBK HAK K HAK MK HAEK
i 10.52+1.59ab 12.3240. 23a 12.9610. 37a 12.68+0.61a 5.69+0. 73¢ 8. 4941, 54be
N/(g+ kg ") % 14.8140. 19a 15.1040. 48a 13.48+1.12a 16.59+2. 32a 6.40E1. 24b 6.98+1.69h
i 17.1040. 58a 13.15£0. 76abc 14,1440, 83abc 16. 0811, 96ab 10. 360, 95¢ 12.68+1. 12bc
# 0.7640. 032 0.8240, 05a 0.9340,10a 0.8340. 05a 0. 6840, 03a 0.7140. 09a
P/(g+ kg™ ") = 1.26%0.21a 1.10£0. 04a 1.05£0. 16ab 1.44£0.06a 0.67+0.10¢ 1.12+0.12a
I 1.5340.13a 1.38+0. 18a 1.18+0. 10a 1.4840. 20a 1.3940.07a 1.6140.18a
iz} 1.6840. 06bc 2.1310. 05abe 2.48£0.19ab 2.01£0. 29abe 2.6610. 36a 1.3540. 12¢
K/(g+kg™") % 3.60+0.53b 5. 4240, 65b 9, 2344, 04ab 12.95+0. 82a 5. 6840, 94ab 6.51+1. 32ab
I 7.3340.55b 7.16£1.60b 7.85%1. 35ab 10.97+1.12a 9.04=£0. 81ab 7.53£0. 29ab
pics 18.5840.50a 18.8140.11a 18.55+1.52a 18.8540.87a 15.5140. 24b 15.4840.41b
Ca/(g+ kg ") % 11.1940. 19a 11. 2440. 46a 11.3540. 71a 12.8240.03a 5.96£0. 45¢ 7.81£0.48b
i 12,9140, 00a 12.0940. 91a 9. 2040, 40b 11.58+0. 48a 8.3040, 51be 7.1640. 59¢
i} 2.73%0.22a 3.03%0.11a 3.07£0. 15a 3.06£0.19a 2.80+0. 24a 2.88+0. 26a
Mg/(g+kg™!) % 2.89+0.13a 2.9340. 08a 29140, 05a 2.9540, 09a 25040, 09a 2.9240.27a
i 3.5510. 05ab 3.40%0. 06abe 3.10£0. 15¢ 3.7140.12a 3.2240.05bc 3. 44£0. 15abe
B 4362.8241531,08ab 3254, 68+448.19b  3153.584699.26h  3321.04+119.95b 8365, 99+970.38a 4395, 09+2267. 18ab
Fe/(mg+kg ') % 79.62+7.62a 74,2145, 8% 98.58+11. 14a 101. 84+19.67a 80.74+11. 38a 97.70+11. 60a
I 223.1442. 14a 236.631+13.08a 182.26+43. 24a 182.26+24.51a 190, 58+3. 54a 193.65+1.97a
iz} 170. 45464, 34ab 131.22+31.11b 123.24+23.65b 140, 15+8. 21ab 262.52430. 19a 154, 05+53. 73ab
Mn/(mg+kg ') % 34.55£9. 40a 24.48+0.37a 30.93+1.61a 25.11£1.23a 23.05+3.00a 22.34+4.83a
it 53,2549, 42a 46,3744, 09abe 38,6743, 88he 39, 1444, T3abe 50,841, 63ab 34,7040, 33¢
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2.5 HYBRMERNBEKERTERTHHOZIT
55 ZE MR K HE R AR LU P K RS I T AR PR A AR
HRPR £ SR B 1 X BRAR P 22 S N 3L
b 2322 5 W3 (3R 4) . X2 PR AR K & SR i
B - B A AR K B0 B . P AR O 3 i A
SRUOT R K YRR R B A B SR AL B X
M= Z A e RO 2 5
2.6 EYMFRMARYBEKERLBEME®RES

&I ER W, 54 YR AR, R
FEHOM T AR bR AR AR PR £ 384 20 Cu Pb.Ni 1Y & i
(P<C0.05) s LIAR PR -3 1y 9], 48480 Cu & HEfE 78
TR K P A 7K T R 5 4 ) Be e R RE n T 23, 1500
3. 18%0 . AR Pb 4 A ¥4 N T 25. 70% F1 22. 53% , 5 3L
Ni 433 An T 35. 16 % 11 2. 72%
T4 EPRRMBERMBEKER L ERSEHZM
AL S/ em

E&SEN® Ab ity M PR
UK TR & AT T KA g 0K S0RE2b e
AR AR S 4 BB KA A Db o
N G F Kk 5314+37b 1564 22b
W ARk (32 5) . 5% IR AR L L 2 0 5 5 W A T A5 3 L 700+ 724 814+ 37a
Cu 7ZEM PR FAEAR bR (P<C0. 05) e 1 & & UL K AR Br N K 530416b 404+13b
i ) _
+HE(P<<0. 05) A%k Ni &, % 34 %% Zn.Pb.Cd TR K 688+ 20a 695+ 46a
£5 ENRRMRBENBLEARRNS LBERSELRABHEM 437 :me/ ke
i Cu In Pb Cd Ni
R ERin R Px E R ERidn HRFx E iidn Eidin
.- Zmk 2.13£0.01b  2.23£0.03be  1.00£0.03a  0.8310.04d  1.86+0.04b  1.7120.04b  0.2040.01be  0.1940.01b  0.38£0.00b  0.24£0,00¢
Ak 2.1540.01b  2.3040.03b 0.9940.0la  0.91£0,00b 1.8240.05b  1.55£0.07h  0.22£0.01a  0.19£0.01h 0,39£0.03h  0.24%0, 03¢
R ZMK 2.11£0.04b 2,160, 04c 101£0.04a  0.90£0.01b  1.78+0.07h  1.73£0.05b  0.20£0,00bc  0.1840.00b  0.3240.01c  0.2420.01c
Bk 2.13£0.07h 2.1940.01he  0.9840.02a  0.97£0.01a 1.83+0.05b  1.63£0.00b  0.21£0,00ab 0.211£0.00a 0,2840.0lc  0.26%0.01he
N Ak 2.6340.07a  2.51£0.00a 0,9740.03a  0.8510.0lcd  2.34+0.01a 2.23£0.02a  0.20£0,00be  0.18+0.,00h 0,52£0.03a  0.31£0.01ab
Rik AR 2.2240.02b  2.4710.07a 0,9440,02a  0.8910.0lbe  2.23£0.08a 2.1240.13a  0.19+0.00c  0,20£0.01a 0,4040,00b  0.34%0.02a

Cu.Zn.Pb . Ni FZ R EEM YA, Cd F 2
RAEM R (R 6) . 1X 5 T &R B T X i
KRG R -, SEEPESEBEARESTEKR
INRE I P2 K HE TR 5 2 1R K T M AR e
HEALEE LS R EAHEMY R LM E SRS
AR A R . LA 2R UR K HE R Dy 461 0 B L SR R Ak 3 AR
Cu F a5 437 o Xt BECF AR 4 03 i b B BG T 1. 5624
MM 21.16% ,Zn &4 B3N T 29. 32% A1 92, 74%
(P<C0.05),Pb 43338 T 58. 82% (P<C0. 05)

M 14.61% ,Cd &40 38 in T 34. 821 26. 86 % ,
Ni &2 33 I T 75. 75 % (P<<0. 05) Fll 53. 43% (P<<
0.05), 55X AR LY . 2E 4 BT AL BEREAR T AEARAR Cu.Zn
i B OK RS Zn SREBELER. RARER
b PRAR P E A S i AR R R
MG R S IR . PR KRR X BEAF AR CulZn,
Pb.Cd.Ni 0y %% iz 2 %05 %k 0. 72,0. 89, 1. 37, 3. 29,
0. 25, 4= Y1 R Ab F43 51y 0. 57,0. 96,0. 70, 3. 12,0. 18,
ST 51 0. 60,0, 58,0, 57,2. 07,0. 13,

F6 EMERMBERMEAKEENEKES RS BB H47  mg/kg
. ik Y R T
R KEws K Rk Ik R K Ik kK
bics 15.93+2.68a 17.4040. 10a 13.35+2.37a 15.13+0.73a 16.17+1.11a 16.87+2.12a
Cu = 5.8940. 31b 5.9640. 16b 7.7040.51a 7.4010. 43a 4. 55+0.49b 8.5940. 27a
o 11. 50+ 1. 50ab 12.50£2.07a 9.80=£0. 51ab 8. 67+0. 66b 8.1141.05b 9. 87+0. 65ab
i 25.87+4.06ab  22.75+3. 22be 17.36=+1.58¢ 19, 92+0. 11be 33.4543. 4% 31.9540. 73a
7n = 16.56+0.47a 14. 3040. 96a 15.82+1.78a 16.25+1.02a 8.67+0.56b 10. 26£0. 30b
I 23.61+1.69a 20. 32+2. 88ab 19. 68+0. 44ab 19.08=+1. 38b 12.27+0.59¢ 18.37+0. 44b
i 7.93+2.27¢ 7.38+3. 31bc 10.99+1.07abe  12.1240. 85abc 12.5940. 23ab 13.62=+1.50a
Pb 3 1.88+0.01c 1.86+0.02¢ 2.98+0.06b 2.7840.17b 2.8240. 24b 4,0840. 14a
i 6.4240. 21ab 8.0810. 06ab 6.05%0.92b 8.35%0.19a 6.9240. 66ab 7.6410. 42ab
pic] 0.394+0.02b 0.41+0.09b 0.4240.10b 0.47+0. 04b 0.5340. 04ab 0.73+0. 06a
Cd 3 0.27+0.05d 0.22-+0.00d 0.484+0.01bc 0.55%+0.03ab 0.40-+0. 05¢ 0.65+0.05a
i 1.30+0.17a 1.32+0. 15a 1.19+0. 04a 1.4840. 15a 1.394+0. 05a 1.49+0. 12a
iss 5.48+0.02b 5.6840.08b 6.28+1.05b 6.07+0. 38b 9.6340. 28a 9.93+1.03a
Ni = 1.2440.41a 1.2240.07a 1.01+0.07a 1.06+0. 25a 0.89+0.17a 1.46+0. 09a
i 1.5240.02a 1.414£0. 04a 1.09+0. 15a 1.05+0. 21a 1.17£0. 15a 1.354+0. 3%
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55 2808 /K HE R AR EE o P A 2K U IR A X6 A 9 R A R
IRy B A A S A W R L X A 9T 4 R —
FHU ., (HER A K EE RS N T 1 pH 1 EC, X 7] fiE
BB ERERARM EEFEH, R 2K
W 348 2 A 7K T L SRR Ak PR R AR K DA T A
VI o B W) I RS P B I 2 S R T X
- Al A T ORI RE PR 5 43 B TR G JE R A I 25
A=) 5 e RSB B AR S A WL I T AR o g v
TR ICE A LI & &, 783X o5 1P R AR — 3
o R 2 SRS % - HE A A5 0 0 1 I s SRR A g o
i s F T 35 43 1 6 32 e 1 AR T A 0 5 e . AE 3G
T BRGNS T FR S R EOR
AP TR A B AR e R AR L R
J 2 R M AR B TR OE R 5 1R L) pH )
A Ak AT RE B PR R R I 2 AR . AR R R
R 19 R Jom ke - g v e SRR 34 TG W S R L AN 2 4
T 38 % 2 A R R AR RV A B e A R
iy 2 345 S U R ML SRR s R R R
T EUE BRI A AR 2 R 4 R R A e B A 4
YEF . T BT 20 A 4 5 pe vT DL 80 R Im 1: +
WP AEMEE SR TR X SRV LR B
T C A 195G F SR ) F 53 4 v 7 v O R Mk L BF SR
T ERALH pH T R AT LUSE I+ 50 17 H i
LM Cu(ID @4 B W B S [ B A Cu(TD JE i %% &
Py 0 B 3 - R R R e G T I e -
R EAR e - S WURL IR B, O 5 4 IR T L S W
INY 48 b AT RS A R S TR A 0 2R e Ak B
MR ARBTREZNESE ., (AEBKENE,
TR A BE X EE 4 JE I B R BRI R T AR T
Mo FRA R, SRR R R R RIS 2P
WFFE ARSEXT T 1 HIAR 3R 00 7 9 5k U, 78 b 7 B o £ 43¢
PR ISR I T A S A KU [RIE L X TR 4
JRIE AP UL R T R SR m B E RO RS W
I A BE 5 W 3% o R B 4 i R 1 22 ) 1 G B P
ATFRRATHE— 2B TE . 750 R 43 @ 8 64 43 A %
T A 0 5T R R R 0k P A K E TR T R 43 R
& R IERSRHAE LI 7753 R T 4 TR 11 R Ak 2 06 A B A
HAEEE L RREA T TRA T — 5T,
4 &5w

T K AT A Ry B AR 7K U5 2 il A ol 7K 5% 5 1 5 e
S, TEARRE K0T, B AEKEBRRES T -5
pHL YN T+ 588k 5 6t 1 — W) R G IR 00 M 4
JE TR TC B 5 . 2B B R AT LA R N - 4 R0 R
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