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Biological response of pioneer plant Macleaya cordata to
N and P stresses under different water conditions

WANG Hui, SUN Tai-sen ”
(College of Resources and Environment, Shanxi Agricultural University, Taigu, Shanxi 030801, China)

Abstract ; [ Objectives] On September 8, 2008, a catastrophic dam failure accident occurred in the tailing pond of
the Xinta Mining Ltd. Co. Xiangfen County, Shanxi Province, China. Residual tailings from the 9. 8 Xiangfen
tailings dam failure covered the land and mixed with surface soil, and formed immature soil. With the immature soil
as culture medium, a pot experiment was conducted to investigate effect of nitrogen (N ) and phosphorous ( P)
applications on growth and physiological indicators of Macleaya cordata as well as associated soil enzyme activities

and rhizosphere microbial quantity under different water conditions, aiming to provide a reference for screening and
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management of local alternative cultivated plants in the disaster area of the “9.8” Xiangfen tailings dam failure.
[ Methods] The experiment was conducted in the Experimental Farm of Shanxi Agricultural University from March
to December, 2013. N and P fertilizer was applied at two levels: intermediate N(N 0.2 g/kg, N, )and low N(N 0
g/kg, Ny); and intermediate P(P,0, 0.2 g/kg, P,)and low P(P,0, 0 g/kg, P
three levels: low water (35% —40% of field capacity, W, ),
W, ), and high water(75%—-80% of field capacity W;). Totally 12 treatments were included: W,N,P,, W,N P,
W,N,P,, W,N,P,, W,N,P,, W,N,P,, W,N,P,, W,N,P,, W,N,P,, W,N,P,, W,N,P,, W,N,P,, and each

treatment was repeated 10 times. At the middle growth stage of M. cordata (July 6) , five replicates were used for

). Water conditions were set at

intermediate water (45% —50% of field capacity,

determining plant height, stem diameter, aboveground biomass, total root length, root weight, root absorption area,
root vigor, root superoxide dismutase(SOD ) and peroxidase ( POD) activities, and malondialdehyde ( MDA ) content,
as well as rhizosphere soil enzyme activities and microbial biomass. The other 5 replicates were used for determining
the biological yield of M. cordata after the harvest( November 2). [ Results] Drought and low N/P stresses have
significant inhibitory effects on the growth and physiological indicators of M. cordata, as well as rhizosphere
microbial quantity and soil enzyme activities. However, M. cordata still yields a certain amount of biomass and
exhibits a stronger stress resistance, while other experimental crops fail to yield. The fertilization of P ( calcium
superphosphate ) and N (urea) or irrigation of the immature soil covered by residual tailings increases the plant
height, stem diameter, aboveground biomass, root weight, total root length, total and active root absorbing areas of

Additionally, the root SOD and POD activities are enhanced, while the MDA

content is decreased by the fertilization or irrigation. The effect of fertilization alone on M. cordata growth is; P >

M. cordata at varying degrees.

N, the effect of fertilization + irrigation is better than that of fertilization alone, and there are significant synergic

effects among the irrigation, N fertilization and P fertilization. P was the primary limiting factor for biomass
formation of M. cordata grown in the immature soil. The rhizosphere microbial quantity and soil enzyme activities
are significantly positively correlated with the root vigor and growth conditions of M. cordata. Well-developed root
system promotes the propagation of rhizosphere microorganisms, and thus enhances associated soil urease and
phosphatase activities. This mechanism ultimately promotes the development of M. cordata towards maturation.
[ Conclusions] Owing to its drought and barren resistance, M. cordata can adapt to local environmental conditions
in the disaster area of the “9. 8” Xiangfen tailings dam failure. Taking into consideration its medicinal value, M.
cordata can serve as an important alternative cultivated plant in the study area.

Key words: immature soil ; Macleaya cordata ; drought-barren stress; fertilization ; root system; biological response
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Table 1 Effect of different treatments on growth indexes of Macleaya cordata
b3 B (em) ZEH (em) o AR () SR (em) R (g)

Treatment Height Stem diameter Shoot weight Total root length Root weight

W, NP, 102.40 +£6. 88 i 0.77 £0.05 h 414.26 +15.76 k 2219.40 £25.63 g 80.90 £2.15 i
W,N,P, 135.80 £4.55 f 1.10 £0.05 e 555.58 £11.80 h 2373.20 £38.15 f 110.60 £2.29 f
W,N, P, 155.20 +4.82 d 1.23 +0.04 d 612.12£5.75 ¢ 2603.60 £47.05 e 117.26 £5.87 e
W, N, P, 124.60 £5. 13 g 1.00 +0.09 f 486.70 £13.85 1 2638.20 £76.38 e 97.44 +1.45 ¢
W,N, P, 153.60 £5.64 d 1.19+£0.05d 624.58 £6.52 d 2809.40 £95.43 d 123.88 4. 18 d
W,N, P, 181.80 5. 12 b 1.51 £0.08 b 757.08 £15.34 b 3037.20 £73. 10 be 148.98 +2.58 b
W,N, P, 114.40 £4.51 h 0.91+£0.03 g 448.56 6. 17 j 2257.60 £78.15 g 93.40 +0.80 h
W,N, P, 144.40 £5.32 e 1.17 £0. 05 de 577.68 £5.65 g 2634.60 £67.23 ¢ 110.22 £3.50 f
W,N, P, 162.00 £6. 86 ¢ 1.33+0.03 ¢ 651.72 £5.84 ¢ 2736.20 £59.48 d 126.52 +1.36 d
W,N,P, 149.20 £3.70 de 1.22£0.02 d 591.04 £8.25 2978.40 £88.29 ¢ 117.78 £1.29 e
W,N, P, 182.40 +4.28 b 1.57£0.05 b 746.50 £8.00 b 3112.40 £56. 54 ab 139.80 £3.04 ¢
W,N, P, 193.80 £6. 14 a 1.74 £0.05 a 842.22 £5.27 a 3129.20 £42.95 a 158.72 +3.17 a

1 (Note) : 6] —F I 5 A R Z26F 36 7R Ab PR E] 25 553K 5% 3 7KF- Values followed by different letters in the same column are significant at the

5% level.
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Table 2 Effect of different treatments on physiological indexes of Macleaya cordata

b MRAR SO AR PECE AR LW A AL I AL Tl i A AL YT N

Treatment Total uptake area Active uptake area Root activity SOD activity POD activity MDA content
(m’/plant) (m’/plant) (ne/s) [U/(g-h)] [U/(g - min) ] (nmol/g)

W NPy 15.12£0.34 ¢ 10.82+0.33f 86.06+1.00 h  716.90 +18.27 i 96.50 £2.98 137.40 £6.74 a
W,NoPy  15.74 £0.54 f 12.48+0.48 ¢ 94.10x1.12 g  744.40 £15.61 h  100.68 £3.28 ef 123.52+8.50 b
W;NoP,  16.80£0.58 e 13.08£0.28d  97.30£0.75 fg  759.98 +10.06 gh 106.24 £5.63 cde 116.12 +6.76 bed
W NP, 17.12+0.43 de  13.98 £0.26 ¢ 100.76 £2.36 ef  769.44 £10.32 fg 100.06 £3.48 ef  119.94 +£5.38 hc
W,NoP,  18.18 £0.44 ¢ 14.12+£0.19 ¢ 114.54£4.00 ¢ 800.88 +12.39 ¢ 107.66 4. 70 cd 110.82 +£5.55 def
WiN, P, 18.76 £0.30 ab  14.90£0.25 b 120.22+2.45b  827.46+10.19d 117.52+5.06 b  102.52 +5.83 fg
W,N,P, 16.78 £0.24 e 13.02£0.22d 101.70£3.38 ¢  755.44 +11.33 gh 96.88 +6.21 f 122.94 £8.60 b
W,N, P,  17.50+0.47 d 13.24+0.27d 106.92+£3.43d 778.70 £13.70 f  102.90 £5.86 def 113.02 £5.11 cde
WiN, Py 17.54 £0.49 d 13.30£0.29d 111.62+3.63 ¢ 801.74+11.90 e 110.84 £6.00 ¢  102.50 +4.82 fg
W,N,P, 18.16 £0.30 ¢ 13.16 £0.36 d  113.74+4. 16 ¢ 879.16 +14.86 ¢ 106.28 £5.27 cde 106.58 +4.65 ef
W,N, P, 18.24+0.38 be 14.88+0.25b 119.20+1.75b  914.40+11.19b 123.80+5.13 a 97.92 £6.38 ¢
WiN, P, 19.04 £0.48 a 16.10 £0.29 a 125.52+£3.06a 953.76 +11.49 a 129.86 +£6.17 a 88.84 £8.58 h

7 (Note) : SOD—Superoxide dismutase; POD—Peroxidase; MDA—Malondialdehyde. [543 5 AS [a] 575 38 78 AL B 7] 22 573k 5% B3 K F

Values followed by different letters in the same column are significant at the 5% level.
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Table 3 Soil enzyme activities and microbe quantity in Macleaya cordata rhizosphere under different treatments
e ] FLIEEL TR o il 7 Tl IR T
T Bacteria Fungi Actinomyces Urease activity Phosphatase activity
reatment
( x10° cfu/g) ( x10° cfu/g) ( x10° cfu/g) (NH,-N mg /g) (phenol mg/kg)
W,N,P, 2.29+0.18 i 3.4320.12 h 3.79 £0.21 f 22.24+1.12 g 24.80 +1.16 g
W,N,P, 2.66 +0.07 h 3.73£0.21 g 5.08 £0.25 e 24.68 £0.95 f 27.30 £0.73 f
W,N,P, 2.97 +£0.27 fg 4.02 +0. 11 ef 6.14+0.23 d 28.00 +0.98 e 30.06 +0.87 e
W, N, P, 3.21 =0. 11 ef 3.61 £0. 18 gh 4.84+£0.29 e 24.12 £0.86 f 36.52+1.24 ¢
W,N,P, 3.52+£0.16 cd 4.20 £0.09 de 6.81 £0.45 ¢ 28.30 £0.77 e 39.90 £2.02 b
W,N, P, 3.97+0.20 b 4.22 £0. 11 de 7.76 £0.35 b 33.74 £1.13 d 43.38 +1.24 a
W,N, P, 2.88 £0.09 gh 3.84 £0. 14 fg 4.99 +0.13 ¢ 34.42 x1.41 d 290.82+1.63 e
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T (Note) : [A)3 80 5 AS [6] Bk e 7m Ab HH 0] 22 5338 5% 23 7K Values followed by different letters in the same column are significant at the
5% level.
551 751 N
W 50F  y=00499x-20055 o g TOF  y=00582x-18819 [ o F 5 gs5| YTO100Ix"54883 <,
2 845l 2 65r 2 e o OSFE R*=0.8111 o2
5] _a . S 5 60F R°=0.5774 S g 7.5 o0 *
T 5401 S8 55t X2 65 Ceme
X =35 T 250t =8 >
X3 B0l 5 55 ¢
5 3.0r I & T & E
® 2 os) 5590 &g 45|
Ea | w20 KE 35
F : m{ 3.0 F ﬁ <
1'5 il il il il J 2-5 1 il 1 1 J 2'5
80 90 100 110 120 130 80 90 100 110 120 130 80 90 100 110 120 130

MR ZRIE 77 Root activity (ug/g)

MR Z 35 77 Root activity (ug/g)

MR A% 77 Root activity (ug/g)

B 1 RRFNEREHBEM IR

Fig.1 Correlations between root activity and microbe quantity of rhizosphere

G525 1 MR & 0 R i b 2, BF 58 T AT
IKAS SRR Tl S HTE A5 o 8 96 [ A K I £ FIR
BURYSE IR, 25 R W], . BRI — G B R,
FB IR T2, B A 1% 1 A 1% 55 4
PR AR BIEE , X AT RES B X R R 2 A K AL
PEVE I TR R E A 5, I, 7R A R il
RISt B, 3 5 5k 7 45 7 R
Btk A+ R L5 e 2.

T BI85 S 52 W e I T DA ARG - 398 ek
KA BT RE , 45 5 VR4 7o i 5 K A0 R 3 (B 7E T 5
ARG AR /N A i 6 458 R 0 e 1, o
(7K SPF TG L. BT A1 7= I 1 (42. 67% )
BT TR (K 4 F (34.36% ) FIE # (F5

K) Z&AE(37.59% ) o 3R] RE -5 K Il HAT B GR Y
PURIE LA AR 56 B i E K Ak 2 A i 5 0K A [ A
Ko AWFEEREW, T RAEMT S E S %
BREL LA T RE S S R = T ol T
UBLITBR , A B0 A TH AT i i e, & —2
TN PR RSN 2 W B Ui I HU 45 7 1
FIBEIE.

IR0 AT AR A A A T A 7 A T R
WV , T L A P R A )y i SR E T A 30
A A A , S BUBSS R B8 0 AR, XS A 7= A
Gi ' AL R, R S B e 1 T
B Il AR YUA AL SOD F1 POD 47 fir T
W, i 44 ) MDA B3 i, SR W Bt AL i R 4t



1326

MY E IR 5L R 4

21 &

L XfE LA R0 B3 BT 36 7 A i ok 2R A ), AR PR
CZ BRI . 76T 2550 T HIE (8. %0 LA
RAEBAE 25 0F T REK, 0] LU i 1 9% [|] SOD Al
POD 5Pk, B MDA & &%, HA/K Z [ R 30 W
() TE N 800, 35 i [l ) 2B ORI R B — 3, 3R
BHLLE 3 Fh 48 45 AE 05 & U0 b S e 1% (] A9 g 336
HET o

BRI TS B, 1% (] 0 T 5 1 AR 5 34
AR AR I 45 AR, 7E 0 Bk BoA T
e s s T ALY (Eok . RESE) SR
AAE TR A REARAS — 2 By P i, X AT g 5 H Al A
AR SR, 3 3 AR R 06 77 5 196 1 R A v
Koo (HEEREAR IR o 1) 7= o, 5 S (R BeK L e,
HORWEA B R AT 1% IR RS A Y 1
S A A 22 Uy st U B 5 DX A b b A [
R RIE—E & A . B ME B E 5 Bk, 58
2 AT DAARAS A8 i (7 B RN 22 05 280 4 o

i HAE . BRIE, JEH T — e HE K &= AT T
it T ARNE , AN F T4 2 1 7% AR 2R 55 0 B3
(AR T L RE I S 38 1o ] AR P - 98 g i R 1l
TR T )9 M S A P Bt o T Rl AR s 3 i
YR SRR 1 Z MAETEE B E W IEAHCOC R
ARFTEFRI, S W 8 e S e T 1 0 14 i A
Fb— R e b g FR 42 R AT AR 2
T BACFER A K, R il — > R - 584
B RS

& % X #f:

(1] . AP BRI S AR Bl [ ], 5l X
EAFgE, 2007, 25(1) : 1-5.
Shan L. Plant drought resistance and semi-dry land farming[ J].
Agricultural Research in the Arid Areas, 2007, 25(1); 1-5.

(2] EBoKOR, AT , XU . SeBeAm /N A v 1) %) b 3 2 A 44 ot
Bssma [ J]. 2 RO O B 2%, 2011, 39 (30): 18579 -
18581,18584.
Guo Y Q, Zhang Y Q, Liu T. Effect of pioneer plant macleaya

microcarpa on the physicochemical properties of soil[ J]. Journal

of Anhui Agriculture Science, 2011, 39 (30). 18579 -
18581,18584.

(3] MG, BRI, FAHEM. S m )] R & shiy,
2006, (4) ; 25.

Sun W, Chen W, Wang Y H. Cultivation of Macleaya cordata
[J]. Special Economic Plant and Animal, 2006, (4) ; 25.

(4] ARFP%, e IEAL. & A2 et SAE M A L) ] Ak
B, 2009, 36(3) : 244 -247.
Zou X A, Long Z Q. The biological characteristics and the

ecological value of Macleaya cordata [ J]. Journal of Fujian

[10]

[12]

[13]

Forestry Science and Technology, 2009, 36(3) : 244 -247.
FERPR, WioREE, MEF, 4 NI 28 SR 8 L R
AR RBCERCRT]. KRR, 2011, 25(6) : 76 -86.
DuT Q, Miao G Y, Hao J P et al. Soil improvement effect by
planting different types of legume plant in immature loess subsoil
[J]. Journal of Soil and Water Conservation, 2011, 25(6) : 76 —
86.
TR, WG A SRR AN AL B B SRR
[J]. B SRR, 2006, 12(2) : 156 -161.
Zhang P P, Miao G Y. Triggering response of winter wheat to
nitrogen, phosphorus and potassium nutrition in raw soil[ J]. Plant
Nutrition and Fertilizer Science, 2006, 12(2): 156 —161.
FBE, ORI, MG, . ARSI SRR AR Y
WAL E A E R, 2011, 19(3) : 728 -730.
Wang L, Zhang Y Q, Li P et al. Biological response of different
broomcorn millet cultivars to immature soil[ J]. Chinese Journal of
Eco-Agriculture, 2011, 19(3) . 728 -730.
I AAE, WR, RPN, SF. R 3 R - KATEAT
XFHRARAE Y 7= B [ )], v e 2 aE 4, 2012, (2) = 31 -
34, 53.
Gao J S, Huang J, Xu M G et al. Influence of long term fertilizer
application on output of root crops( sweet potato) in three kinds of
typical parent material soils in South Hunan [ J]. Chinese
Agricultural Science Bulletin, 2012,(2) : 31 -34, 53.
AEE, XIWIEE, VRlR, S5, 3 e el 28 B fa) B SR )
FHERFFEMIE[T]. PEACAE Y # 4, 2008, 28 (9): 1880
-1884.
Shi HZ, Liu M X, Xu J et al. The germination characteristics of
papaveraceae species in the alpine meadow on the Qinghai Tibetan
Plateau[ J]. Acta Botanica Boreali-Occidentalia Sinica, 2008, 28
(9): 1880 -1884.
B iR, w07, AR, AR /NI R A e B S
[J]. PabAidy=EdR, 2010, 30(2) : 405 -411.
Yang X J, Miao F, Zheng F et al. Isolation and identification of
alkaloids from macleaya microcarpa ( Maxim. ) fedde[ J]. Acta
Botanica Boreali-Occidentalia Sinica, 2010, 30(2) ; 405 -411.
KU, W1, 2. NRETE [ vp S b A e ) 412 M 00 28
[J]. PEdegl 24z, 2013, 22(5) : 140 -143.
Liu L P, Pan M, Zhou L. Extraction and isolation of five kinds of
alkaloids from macleaya microcarpa [ J ]. Acta Agriculturae
Boreali-occidentalis Sinica, 2013, 22(5) : 140 —143.
i, ik, e, . /N R ] A Yo JLAD £l 55
BLEG L T]. WL RS2 (Al S5 2R B4 ), 2008,
37(2): 187-192.
Feng G, Zhang J, Li X W et al. Insecticidal activity of alkaloids
from Macleaya microcarpa against several species of insect pests
[J]. Journal of Zhejiang University ( Agriculture & Life
Science) , 2008, 34(2) . 187 -192.
AR, AR ST, e R, 2. T % [0 A Wy Box 8 b 0T A 4
RIMERLT]. tistfell A= 9254k , 2006, 25(1) : 89 -91.
Yu J P, Zhao D L., Meng X B et al. The antibacterial effect of

the alkaloids from Macleaya cordata on eight kinds of fungi[ J].



534 T A AR ST S A Y 1% )X B 3 A A 400 2 i) 7 1327
Journal of Mountain Agriculture and Biology, 2006, 25(1): 89 -105.

-91. [20] HHE, soE—, EWE, 5. A UL H /N & 7 it

[14] FE%%. mYEMEASRIFEHAEARIM]. b S%H K BRysZLT]. ?q:iﬂllXZ?ikﬁﬁﬁt, 2003, 21(3) : 48 -50.
B A, 2006. Pei X X, Zhang D Y, Wang J A et al. Effect of N and P fertilizer
Wang X K. Plant physiological and biochemical experiment on the product and quality of high quality and gluten wheat[ J].
principle and technology [ M ]. Beijing: High Education Agricultural Research in the Arid Areas, 2003, 21(3) : 48 -50.
Press, 2006. [21]  s#prk, #S0RE. B LD el A DR RSO 5 # A A B 5T

[15] kGRS MY EREImETIM]. b S58E [J]. TRHXARATFE, 1995, 13(1): 20-24.

H AL, 2003. Dai Q L, Yang W Y. Water-fertilizer effects and their coupling
Zhang Z L, Qu W Q. Guidance of plant physiological reaction model in Yinshan Hilly rainfed agricultural region[J].
experiments[ M]. Beijing: High Education Press, 2003. Agricultural Research in the Arid Areas, 1995, 13(1): 20 -24.

[16]  Z=f, S%KM, MR TSR MAwMRIEIM]. b [22] B, RO, ORI, KIS 8 4 PR X 3 -1
e BRI, 2008. RGETR . BRI R[], AYE RS AR 4, 2007,
LiZ G, Luo Y M, Teng Y. Soil and environmental microbiology 13(6): 1006 -1012.
research method[ M]. Beijing: Science Press, 2008. Chen L, Hao M D, Qi L H. Effects of long-term fertilization on

(17]  skillF, &), gedulfE, . Ko &0 FARRI A& nutrient variety of soil and plant systems in dry-land of Loess

KN PR [T ], FEY)E IR SRR AR, 2003, 9(3) . Plateau[ J]. Plant Nutrition and Fertilizer Science, 2007, 13
276 -279. (6): 1006 -1012.

Zhang S X, Jin K, Cai D X et al. Effect of different level of N [23]  skok¥h, WRE, e —. TSR0 /N B A A i T M
and P on the yield of winter wheat under water stress[ J]. Plant FBAESHEAEKZm[T]. L FREER A4, 2005,
Nutrition and Fertilizer Science, 2003, 9(3) : 276 -279. 24(4) . 662 -665.

[18]  PINEE, SR, K& A, 4. KM 7 i 0 Xt A 398 g v Zhang Y Q, Miao G Y, Zhang D Y. Effect of stress from sewage
Rz R LA ¥ AR SR [ ], A8 3 5 R kL2 irrigation on antioxidant enzymes activity and root and seedling
iz, 2003, 9(4) . 406 -410. growth of spring wheat [ J]. Journal of Agro-Environment
Sun R L, Zhao B Q, Zhu L S er al. Effects of long-term Science, 2005, 24(4) : 662 —665.
fertilization on soil enzyme activities and its role in adjusting and [24] T2, Rk, b, 45 A BRI B DR R 3 Hl S 4t 1 3 e
controlling soil fertility [ J]. Plant Nutrition and Fertilizer F1 B EME R [ T]. K B AR AR, 2005, 19(5): 77
Science, 2003, 9(4) : 406 -410. -80.

[19]  ZRutHED, SkA, PMNETI. AN [E)GAE 25 44 FR) 284 7= S50, Aot /N 22 Wang X, Xu Q M, Cao B et al. Effects of controlled release

FPRLAL BRI [ T]. AedefR#4e, 1995, 10(2) : 100 -105.
Zhu H X, Zhang X, Sun C H. Effect of different fertilizer
structure on the yield of wheat and maize and the quality of wheat

1995, 10 (2): 100

[J]. Acta Agriculturae Boreali-Sinica,

coated urea on soil fertility and enzyme activities of protected
vegetable field [ J].
2005, 19(5) : 77 -80.

Journal of Soil and Water Conservation,



