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Effects of water and fertilizer coupling on water use efficiency of
Althaea rosea (Linn.) Cavan and Astragalus adsurgens Pall.
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Abstract: The purpose of this study was to improve soil relative water content and nutrient condition of coal
gangue dump and water use efficiency of landscape ecological herbaceous plants. Althaea rosea and Astragalus ad-
surgens were used as experimental materials. Quadratic regression general rotation combination design of three
factors and five levels was used in the pot experiment. The coupling effects of soil relative water content, nitrogen
application, and phosphorus application on water use efficiency of two landscape ecotype herbaceous plants were
studied and the prioritization scheme was obtained through model optimization. The study indicated that the order of
three factors on water use efficiency of Althaea rosea leaf was; soil relative water content > nitrogen application a-
mount > phosphorus application amount. The order of three factors on water use efficiency of Astragalus adsurgens
leaf was: soil relative water content > phosphorus application amount > nitrogen application amount. The coupling

of two factors had no significant effect on water use efficiency of Althaea rosea (P>0.05). The coupling of two fac-
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tors had a significant effect (P<0.05) on water use efficiency of Astragalus adsurgens, with the order: water nitro-

gen > water phosphorus > nitrogen phosphorus. Soil relative water content was the primary factor affecting water use

efficiency of two plants. Nitrogen application amount was more important to water use efficiency of Althaea rosea

while phosphorus application amount had a greater influence on water use efficiency of Astragalus adsurgens. The

optimal water fertilizer coupling scheme of Althaea rosea was: soil relative water content 37.6% ~40.9%, nitrogen

application amount (pure nitrogen) 153.1~178.5 kg - hm™, and phosphorus application amount (P,0;) 89.4 ~

120.4 kg + hm ™. The optimal water fertilizer coupling scheme of Astragalus adsurgens was: soil relative water con-

tent 69.0% ~70.6% , nitrogen application amount ( pure nitrogen) 61.8~94.6 kg - hm™, and phosphorus applica-

tion amount (P,0;) 109.9~170.1 kg + hm ™.

Keywords: coal mining area; Althaea rosea; Astragalus adsurgens; water and fertilizer coupling; water

use efficiency
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Table 1  Three-factor and five-level coding values of Althaea rosea and Astragalus adsurgens
X 7% &% Althaea rosea VPHTHE Astragalus adsurgens
" b
v ! Z,/ (kg - hm™?) 75/ (kg - hm™?) Z,/ (kg - hm™?) 7,/ (kg - hm™?)
BASH+y (+1.682)
Upper asterisk arm+y (+1.682) 80.0 240.0 200.0 200.0 280.0
K (+1) Upper level (+1) 69.9 191.3 159.5 159.5 223.2
EIKF- (0) Zero level (0) 55.0 120.0 100.0 100.0 140.0
TAKF (-1) Lower level (-1) 40.1 48.7 40.5 40.5 56.8
TRSE-y (-1.682)
Lower asterisk arm—y (—1.682) 30.0 0 0 0 0
ZEAEIX ] A; Change interval A, 14.9 71.3 59.5 59.5 83.2

TEACHHMERZ 0.2 m, A 13 2x10° kg,

Note: If the cultivated layer is 0.2 m, the soil weight per hectare is 2x10° kg.

WUE, =1.126-0.229X,+0.163X,-0.017X,+
0.071X;-0.084X+0.008X3-0.106X, X,—
0.044X,X,-0.066X, X, (4)

WUE,=1.156+0.118X,+0.013X,-0.030X,—
0.009X2+0.016X2+0.025X2-0.111X X, -
0.044X,X,-0.009X,X, (5)
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(4) X B EEERL R F, = 4536 <

Fos(5,5) =505, REAEE, F,=7.89 > F, (9,

10) =3.02, FIHX AW B E (P < 0.01), BiBAEET

() T AR AR ELAT AR, AT A %2519 WUE TS

Al (5) R EHEEEKERL R F, = 1.294 <
Fo05(5,5)=5.05, KRB, F, =3.26 > F5(9,
10) = 3.02, [FHXR B E (P < 0.05), PaH#ESLH)
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SRS
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fai ik e Il 5 7

WUE, =1.126 - 0.229X, + 0.163X, + 0.071X> -
0.084X2 - 0.106X X, (6)

WUE, = 1.156 + 0.118X, - 0.111X,X, (7)
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Table 2 Experiment design and results

IKIIFIRIRR WUE  A:4)4 Biomass

)
oYX N X EE Wi W
Rosea  Adsurgens ~ Rosea  Adsurgens
1 1 1 1 0.85 1.13 5.55 2.96
2 1 1 -1 0.93 1.39 5.08 2.85
3 1 -1 1 0.76 1.39 372 3.07
4 1 -1 -1 0.88 1.56 2.81 4.19
5 -1 1 1 1.59 1.17 2.00 2.60
6 -1 1 -1 1.80 1.20 231 2.92
7 -1 -1 1 1.38 0.93 2.55 1.07
8 -1 -1 -1 1.02 0.98 1.69 2.62
9 -1.682 0 0 1.51 0.96 1.92 2.12
10 1.682 0 0 1.06 1.21 6.67 492
11 0 -1.682 0 0.52 1.11 1.30 237
12 0 1.682 0 1.17 1.20 321 3.01
13 0 0 -1.682 1.16 1.15 3.06 355
14 0 0 1.682 1.05 1.21 4.17 3.84
15 0 0 0 1.27 1.30 4.25 3.65
16 0 0 0 1.07 1.00 3.81 3.70
17 0 0 0 1.16 1.11 4.19 2.92
18 0 0 0 1.15 1.17 4.34 3.87
19 0 0 0 1.03 1.20 421 4.19
20 0 0 0 1.09 1.17 4.02 2.96

X, Xy, X 43 3R LSRR Sk i it U iE R i e 1
Note: X, ,X,,X; are the coding values of soil relative water content

nitrogen application amount, and phosphorus application amount.

(b) W AT I Astragalus adsurgelni

AR R

WUE/( nmol * mmol ")
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Single factor effects of water use efficiency
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R R, Y X, S E N 1682, X, 4 i {H K
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ST
<
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T X g AR RS & 7K S i S i 1, X, 2 0 U I SR i

Note: X, is the coding value of soil relative water content, and X, is the coding value of nitrogen applica-

tion amount.

B2 TEEXMSKESHEREXDITEKS T ARENE G R

Fig.2  Coupling effect of soil relative water content and nitrogen application amount on water use efficiency of Astragalus adsurgens
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BRI K RIS, BT i 2 1 %
ZEAATT 58 . AR XS B /K 537.6% ~ 40.9% , it A
153.1~178.5 kg « hm™ jififif it 89.4~120.4 kg - hm ™,

YHTHE WUE>1.18 pmol « mmol™ 41 -& 4 40
A UFTIEA Y R>3.17 ¢ - BRI EA 45 4, ¥
FIREM =R W3 5 Fisk 6, ALK A
BRI G A EE S, —HR—-BUERE N, W]
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X3 HITASFIAES1.12 pmol - mmol ' HIENLFTE
Table 3  Prioritization scheme of Althaea rosea with

water use efficiency >1.12 pmol + mmol ™'

Fo MITHEWES317 ¢ 'MRLFR
Table 6 Prioritization scheme of Astragalus adsurgens

with biomass >3.17 g + plant™

IKF- Level X, X, X3 IKF Level X, X, X;

-1.682 20 0 10 -1.682 0 10 9

-1 15 5 10 -1 0 10 9

0 15 15 10 0 5 15 9

1 0 15 10 1 20 10 9

1.682 0 15 10 1.682 20 0 9

AU Total times 50 50 50 A THKEL Total times 45 45 45

HIAAEL Weighted average — —0.973 0.705 0 JAIEL Weighted average  1.19 -0.37 0
kiR Standard error 0.099 0.123 0.175 PR Standard error 0.079 0.144 0.184

95% & {5 IX [H] -1.166~ 0.464~ -0.343~ 95% A5 X 7] 0.937 ~ -0.656 ~ -0.362~
95% Confidence interval -0.780 0.945 0.343 95% Confidence interval 1.347 -0.091 0.362
A 5% Optimization plan  37.6~434  153.1~1874  79.6~120.4 Ak 52 Optimization plan 69.0~75.1  61.0~94.6 109.9~170.1

x4 BEEMES3S4e - BHWREAR
Table 4  Prioritization scheme of Althaea rosea with

biomass >3.54 g + plant™'

IKF Level X, X, X;
-1.682 0 0 6
-1 0

0 7 14 10

1 18 13 10

1.682 18 10 9

BHREL Total times 43 43 43
JIBUSIEL Weighted average 1.123 0.554 0.164
bR Standard error -1.123 0.136 0.179

95% Fi5 X A -1.297~ 0.288~ -0.178~

95% Confidence interval —-0.948 0.820 0.515

AT % Optimization plan  35.7~40.9  1405~178.5  89.4~130.6

x5 DITEAKSFIAZZE>1.18 pmol « mmol ™'
SRV S
Table 5  Prioritization scheme of Astragalus adsurgens with

water use efficiency >1.18 wmol - mmol ™'

7K Level X, X, X,

-1.682 5 10 8

-1 5 10 8

0 0 10 8

1 15 0 8

1.682 15 10 8

A HUKEL Total times 40 40 40

DS Weighted average 0.67 -0.25 0
FrifETR Standard error 0.191 0.2 0.196

95% & {75 IX.[i1] 0.295 ~ -0.642~ -0.384~

95% Confidence interval 1.046 0.142 0.384

fliAk )5 % Optimization plan 59.4~70.6  61.8~108.4 108.1~171.9

3 17 ®

KR W3 IR XTS5 WUE RS2 I i 4 +
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