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 OE: (M) aEBSRERHEDAERKWERERE, B8 205G L0k E b oo -+ 500 % ffE 8 B & e
EWEATHIT R EEREZ —, HAFRFME TED LK EOCA 2R i sg g L VLB R A EEE L,
(A% FHERIRE, WAEREE FIME (CK). MHEH 10 gkg ' (P10). #5330 gkg ' (P30). J& ¥ 50
gkg ! (P50). 3% 10 gkg' (C10). A2 30 gkg ' (C30). M3 50 gkg ' (C50). A3 34 15 gkg ' (PCI5)
5 84 B R M A HE AR FE B8 R S 3R (Brassica napus L.) Y E . A EHS B SRR ER 0,
[ER] EHEEHFEMET, ARESEMEAIET TR m B34y E . bAaREEE . SLEEHR
GEVECEE, TE5 80 KA I B K T X R (P<<0.05), eI F & 20 A 20 28 e 40 338 40 1360 X i 36 40 i 2
KB EMEH . SR IEA B ISE AN TR i L EYE . CAaREEE, AXEIEHNS
B, FJF, (AR qP B EVE RS, Wi BXG3E | MBREAHL S AR SE . KESHT.. G, G. gN ¥ RT R
A (P<0.05), Ui BH & pH {E A9 XS 38 B R F AR SE s S A 4, T 3% 4 H A 3 B R TR 1Tl 5RO A PO R
[38 ] 3% 306 1t 50 grkg ' X322 K KOG B 96 640 1 10 50 75 W 300 28 A FF FH w0 X9 38845 1 6 1T 4 30
gkg o BEINSEANE A K ADC B POCRR LT S, B & MR 20 0E . BT 00 52 O 205 0 1 TR B 98 45 ok 2 fifp 41
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Abstract: [ Objectives] Effects of applying organic manure on the growth and photosynthesis of plants cultivated on acid
red soil contaminated by aluminum were studied. [Methods] In a pot experiment, aluminum-laden acid red soil was used as
control (CK) or blended with either pig manure at the rate of 10 g~k,<§1 (P10), 30 g'kg71 (P30), or 50 g'kg71 (P50), chicken
manure at 10 g-kg ' (C10), 30 g-kg ' (C30), or 50 g'kg ' (C50), or pig and chicken manures at 15 g-'kg ' each (PC15). Biomass
and photosynthetic properties including chlorophyll fluorescence indexes of Brassica napus L. seedlings grown in the pots

were determined. [Results] Application of the organic manure in the soil significant improved the aboveground biomass,
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photosynthetic pigment content, and chlorophyll fluorescence indexes of the seedlings over CK (P<<0.05). In 80 d after the

treatments, these indicators were higher than CK indicating the heavy metal toxicity in the soil had been gradually alleviated by

chelation. At a same application rate, chicken manure rendered a greater effect than pig manure on the increases of

aboveground biomass and photosynthetic pigment but less on the photosynthetic parameters, F,/F,, and P, while the

combination of chicken and pig manures performed superior to either chicken or pig manure alone on the photosynthetic

pigment content, 7,, G, C;, and ¢N (P<<0.05). It appeared that the alkaline chicken manure benefited the growth more and that

the nutrient-rich pig manure did the photosynthesis more for the seedlings. [ Conclusions] To effectively mitigate the

aluminum stress on B. napus L. seedlings grown in an acid red soil, an application of pig manure at 50 g‘kgfl, and chicken

manure at 30 g-kg ' with appropriate adjustments according to the actual field conditions was recommended.

Key words: Acid red soil; organic manures; aluminum stress; growth; photosynthetic fluorescence; Brassica napus L.
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Table 1 Physicochemical properties of specimens

\ , R KRR ek A
ﬁélﬁl p]—[{ﬂ ﬁ+ﬂﬁﬂ '%‘)/( A AR ﬁ)‘ ?t% {ﬁr i8]
Sample pH value Organic matter/% AvallabltilK/ Hydrolyzalzlle N/ Olsen—lfl/ Reactlveillkl/
(mgkg ) (mgkg ) (mg-kg ) (mg-kg )

+# Soil 450 2.98 44.5 123 4.65 0.284
%83 Chicken manure 7.60 35.46 1235 2998 846 —
¥ Pig manure 7.20 46.82 2171 4186 1283 —

REARR .

“—" denotes value not detected.

1.2 REHE

KA AR, I 80 d, A OGRS
AR KB BE R W bR 0 RE R AR — o LR
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(KCl) 4l & 30 mgkg ' (BIRD )., R 3L
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# 50 gkg ! (C50); (8) %5 3844 38 4 15 gkg'
(PC15). W iRIE - R 4 (EH 4 21.8 omX &
21.7cm), H#E%+3.0kg, HMEHSRER ., &
PR IER NN E S A e . PSR
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I3 At 22 32 B4R B A B AR IR 0 4 4R 3 vk
FEVE R 30 mgrkg o VAT RER A LS KR E
HH (8] 1 8 R K B2 1) 60%, & 14 d 17 R & WP
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Mo R, 2B TR B ) R,
IRACAE T R R il i 8 . >R H 80% P 1
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B s

TS A VR F 2 800 R 3k 2 4 K ASRE I 1
9: 00—11: 00 HEAT, Z&— v Bk bk T0H0 4 2 sl 56
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B R k Hrd e A E R (P,) .
HWOR (T,), RALRE (G). MR CO ¥ E (C;)
GRS R, I K S R RCRE (WUE=
PJT,. ).
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T ) 28 3 R Sg R IFnt A i rpam b A i 2 (ot
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6 (0 Ab FH 90 S8 M L A A i Y K T IR
(P<<0.05). Jifi FH 45 5 49 2% 40 2 i) 3 58 b 8 2E 9
SR TR ZEAb A, BE XS 2 it 5 i 2 v 4
fn, A SRR R 2.30 45 . 2,71 A5 2.74 %5 R3S
Nt b B, R 30 grkg | ISR IR A W
EIRBR M, HUCORM N 50 gkg ', A BIERT
FERY 2,41 15 F0 216 £ . X928 BE 28R PC15 Ab 3
TSR AR Y ORI, i LR 80 KSR M
AR B E R T 35 K (P<0.05)., 5 XFRRAH
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Table 2 Effects of manure applications on aboveground biomass and pH and reactive aluminium in soil

poset HISRAY = HRORAEY EVEER
Treatment Biomass at 35 d/g Biomass at 80 d/g pH Reactive Al/ (mg-kg D)

CK 0.68+0.12b 1.87+031d 4.66+0.10d 0.273£0.024 a
P10 091+0.28a 3.59+0.56 ¢ 5.27£0.07 be 0.138+£0.021 ¢
P30 0.92+0.17a 4.50+0.34b 5.57+£0.23 b 0.137£0.014 ¢
P50 0.871+0.35 ab 4.05+0.62 be 5.761+0.15b 0.137£0.012 ¢
C10 0.89+0.19 ab 431£039b 5.19 £0.13 ¢ 0.243£0.025 ab
C30 0.95+021a 5.08+0.39 ab 5.58+0.17b 0.127£0.016 cd
C50 1.08+032a 5.13+0.54 a 6.231+0.06 a 0.135+0.018 ¢
PC15 0.88+0.26 ab 4.98+0.54b 531£0.18 be 0.214£0.026 be

[F 5B 5 A RN S BEROR A FIAL B E) 22 57 B (P<<0.05) . #3~5[[.

Data with different lowercase letters on same column indicate significant differences at 0.05 level. Same for Tables 3-5.
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AN TR F & FE AL B S 4% 2 a (Chl-a) |
M2k % b (Chl-b) ., G M4t % & & (Chl-at Chl-b)
¥y KT A AL (P<<0.05, $3), H4EEK a
4% b 1Y e (Chl-a/Chl-b) A8k 25 5 A&k 5] B

FOK o MR SRR R B8 Chl-a . BR
C30 ZbRAN, i I 45 i A 2 AL B S i oL & R
Chl-a, Chl-b I Chl-a+Chl-b & & ¥ K F % 28 4b 7
B S o A 3 1 KT o BB A 2t A S 1, il
¥ M H 64 K Chl-a, Chl-b, Chl-a+Chl-b 7 & il
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Chl-a/Chl-b X 2 5 3% 7 g hn a1 X 3 40 2O
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Ab, XGFEAL X TR R RO A AR S =EM
KT, 5 PCIS AFEXT L, =M F Chl-a,

Chl-b., Chl-a+Chl-b ¥t ¥ K T il FH 45 & (19 39 25 AU
ZE4b3, T Chl-a/Chl-b g 2403/, (H XS 2E4b
PR, (HASHEEMR, C50 b3 Hob &0 %
Chl-a, Chl-b I Chl-a+Chl-b & £t K.
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Table 3 Changes in photosynthetic pigment content of seedlings under varied treatments

M4k Ra 4k Kb 2 Fa+i 28 3b M4 a4 ERD
e Chl-a /(mg - gfl) Chl—b/(mg~g7]) Chl-a+ Chl-b/ (mg- gfl) Chl-a/ Chl-b
Treatment
35K 80K 35K 80K 35K 80K 35K 80K
Day 35 Day 80 Day 35 Day 80 Day 35 Day 80 Day 35 Day 80

CK 3.59+0.77d 511+1.10cd  1.32£031d 1.76 £0.54d 492+1.12¢ 6.87+1.28d 2.72+026ab  2.91+027a
P10 4.53+1.12 be 6.45+127bc  1.824+039bc  2.4240.68¢ 634+132¢ 887+1.51¢ 248+023bc  2.66+025a
P30 4.58+1.21 be 6.52+1.37bc  1.73£0.39bc  2.30%0.69¢ 631+1.40¢ 8.82+1.60 ¢ 2.65+025ab 2.83+027a
P50 6.19+1.83b 8.81%£2.07b 2.09+0.54b 2.784+0.93 be 8.294+2.06 b 11.594+2.35b 2.96+0.28a 3.17+0.30a
C10 6.48+1.87 ab 923+2.11ab 2.244+0.56ab  2.97+0.97 bc 8.72+2.12ab 12.21+£2.42ab 2.894+027a 3.09+0.29a
C30 3.86+0.95¢ 549+1.07¢ 1.56+034cd 2.07£0.58¢ 542+1.13cd 7.57+1.28¢c 2.474£023bc  2.65+025a
C50 8.28+2.17a 11.79+2.46 a 3.15+0.72a 419+125a 1143+2.52a 15.98+2.88 a 2.63+025ab 2.81+027a
PCI15 6.26+1.59 ab 891+1.79b 247+£0.54ab  3.29+0.94 ab 8.73+1.85ab 12.19%2.12 ab 2.53+0.23b 2.71£0.26 a
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Table 4 Photosynthetic characteristics of seedlings under varied treatments

Ak 2 Al EEE P,/ M%LAE T,/ SELRE Gy JRICO,#EE C/ KM R WUE/
Treatment (umol'm s ) (mmol'm s ') (mmol'm s ') (umol-mol ) (mmol-mol ")
CK 3.32£0.15d 1.35£0.37d 128.00+4.38 d 319.03+3.17 a 1.08+£0.21d
P10 11.27£0.91 ab 2.64%0.13 ab 178.33+11.05b 254.67£10.71 b 431£0410b
P30 11.76 £0.35 a 2.73£0.13 a 177.67+10.40 b 240.33+£7.45 be 450+0.32b
P50 1233£023a 3.08£0.21a 236.67+11.42a 249.67£9.13b 4.051+0.27 be
35K Day 35
C10 7.93£0.68 ¢ 1.89%0.15¢ 134.67+7.33 cd 248.04+3.84b 3.59+0.15¢
C30 11.21£0.12 ab 2.20%0.01 be 142.00+2.08 ¢ 226.33+£6.39¢ 5.08+£0.23 a
C50 8.17£0.55¢ 2.29+031b 147.01+12.69 ¢ 217.67£10.18 ¢ 5.13£0.34a
PCI15 10.60£0.57 b 2.67%0.03 ab 190.00+4.06 ab 257.02£11.08 b 3.98+£0.25 be
CK 422+029¢ 2.03+£0.75d 177.28+37.23 ¢ 367.841+68.05a 1.43+045¢
P10 14.34£1.79 ab 3.97£0.52 ab 246.991+50.63 b 319.10+20.74 b 5.72£0.88 be
P30 14.96£0.69 a 4.10%£0.53 a 246.07+78.74 b 301.13+19.57 be 5.97£0.69 b
) P50 15.69£0.45a 4.631+0.97a 327.79+88.50 a 312.841+32.85b 5.34£0.58 be
80K Day 80
C10 10.09£1.33d 2.84+£0.43b 186.52+27.98 d 310.79+2331b 476+0.32d
C30 1426+024 a 3.30£0.03¢ 196.67+45.23 cd 283.59+t1.42¢ 6.74£0.49 ab
C50 10.39£1.08d 3.4441.06 be 203.61+69.23 ¢ 272.75+£42.27 ¢ 6.81£0.74 a
PCI15 13.49+1.11 be 4.01£0.12a 263.15+65.78 b 322.04+4.83b 5.284+0.54 ¢
x5 TRESHRELEMELEGRASHTN
Table 5 Changes in photosynthetic fluorescence indexes of seedlings under varied treatments
P STIN ] e TR A TR Z R ALK FH
JbFE F\JF, Dpgyy qP gN
Treatment 35K 80K 35K 80K 35K 80K 35K PN
Day 35 Day 80 Day 35 Day 80 Day 35 Day 80 Day 35 Day 80
CK 0.69+0.02 b 0.84+0.01 ¢ 0.45+0.02 ¢ 0.61+0.11¢ 0.22+0.13 ¢ 0.34+0.10 ¢ 0.32+0.11d 0.24+0.05d
P10 0.73£0.01 a 0.89+0.01 a 0.51£0.04 b 0.69+£0.13b 0.48+0.07 a 0.85+0.05a 0.81£0.13b 0.60+0.06 b
P30 078+001a  095+002a  0.53+003ab  072+0.15ab  051+0.09a  085+0.06a  086+0.15ab  0.64£0.07b
P50 0.71£0.01 a 0.86+0.01 b 0.59+0.04 a 0.80+0.08 a 0.41£0.13a 0.72+0.08 a 0.67£0.08 b 0.50+£0.04 b
C10 0.75+£0.01 a 0.91+0.01a 0.60+0.02 a 0.82+0.05a 0.33+0.02a 0.58+0.01 b 0.40£0.05¢ 0.29£0.02¢
C30 0.76£0.01 a 0.92+0.01a 0.64+0.03 a 0.87+0.12a 0.34+0.01 b 0.60+0.01 b 0.42+0.12¢ 0.31£0.06 ¢
C50 0.72+0.02 a 0.87%0.01 ab 0.601+0.04 a 0.82+0.13 a 0.2940.11 be 0.51+0.07 b 0.37£0.13 ¢ 0.27£0.06 ¢
PC15 0.73£0.02 a 0.8840.02 ab 0.62+0.01a 0.84+021a 0.3940.05 ab 0.6910.03 ab 0.98+0.21a 0.73£0.09 a
EEEUA K, HhgmiEmR T BA WA R S S AR R R TR IR (P<<0.05),
PERPDIRER 340, BA AR HE, KSR s kR SRR (1) ALY EA E R R
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