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Effects of Water and Fertilizer Conditions on Photosynthesis and
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Abstract: Coal mining activities produce a huge amount of coal gangue and other solid wastes, which are
deposited in piles and replace a large area of arable land into bare land. Moreover, these mining activities are
more severe in the arid desert area of northwest China where scarcity of water and nutrients plays a signifi-
cant role in the vegetation restoration. A quadratic general rotary combination design was adopted to examine
the influence of different doses of water and fertilizers on the photosynthesis and biomass of Melilotus albus
Desr. and Agropyron mongolicum Keng grown in coal mine spoils. Moreover, to identify a suitable water
and fertilizer doses for vegetation restoration in the coal gangue area of northwest China. The experimental
results showed that soil water was most important factor for the net photosynthesis rate and biomass produc-
tion of the two forage grasses, and also demonstrated that the influence of phosphorus fertilizer on growth of
Melilotus albus Desr. was higher than that of nitrogen fertilizer, whereas the influence of nitrogen fertilizer
on growth of Agropyron mongolicum Keng was higher than that of phosphorus fertilizer. The net photosyn-
thesis rate and biomass production of Melilotus albus Desr. were greater higher than Agropyron mongolicum
Keng, suggesting that planting Melilotus albus Desr. for revegetation purpose in the northwest coal gangue
area with optimum water and fertilizer doses is the effective practice, which follows the pattern: soil relative
water content 68.44 % ~71.84% , nitrogen application 82.09~102.92 kg/hm*, phosphorus application 139.92

~192.58 kg/hm’. In addition, vegetation with Agropyron mongolicum Keng using soil relative water
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content of 65.33% ~71.11% ., nitrogen application of 138.40~172.62 kg/hm?®, phosphorus application of

82.09~117.91 kg/hm? can also be considered as a second option.

Keywords: gangue field; net photosynthetic rate; biomass; water-fertilizer coupling; vegetation restoration;

model optimization
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X, X, X, VN E LY/ TR E R VN ELR e
1 1 1 1 11.5843.89 7.63+0.59 0.99+0.23  0.90£0.33 3.6440.75  0.43+0.30
2 1 1 —1 11.78£1.80 8.90%£0.36 1.05£0.32  0.9840.22 3.7740.59  0.54%£0.55
3 1 —1 1 14.234+2.14 6.88+1.73 1.1940.33 0.7340.16 3.504+0.59  0.49+0.57
4 1 —1 —1 12.034+2.90 5.95+1.81 1.174+0.32  0.74%+0.08 4,04+0.83  0.39£0.38
5 —1 1 1 8.934+2.42 6.10£1.05 1.2940.45 0.7340.39 2.2940.45 0.4140.34
6 —1 1 —1 7.0842.87 7.28+1.66 1.174£0.53  0.7440.41 1.13£0.63  0.3340.24
7 —1 —1 1 7.854+2.85 5.55+1.79 1.14+0.51  0.7140.25 2.7440.30  0.25+0.20
8 —1 —1 —1 5.884+1.84 5.20+1.42 1.03£0.54  0.6540.46 1.98+0.32  0.2740.24
9 —1.682 0 0 4.60+1.36 3.884+1.18 0.8840.38  0.447+0.39 1.284£0.26  0.17£0.16
10 1.682 0 0 15.5840.99 8.1540.85 1.214+0.30  0.8740.28 5.054+1.30  0.57+0.38
11 0 —1.682 0 8.154+3.04 5.25+1.05 1.06+0.38 0.7040.35 2.254+0.49  0.10£0.10
12 0 1.682 0 10.9841.27 7.13%1.23 1.13£0.28  0.9640.39 2.8740.46  0.49+£0.37
13 0 0 —1.682 9.134+1.28 6.63+1.32 1.05+0.30  0.784+0.25 2.27£0.45 0.35£0.43
14 0 0 1.682 12.60+£1.37 6.3540.60 1.244+0.30  0.80%+0.25 2.94+0.66  0.46+0.50
15 0 0 0 11.7540.90 6.484+1.48 1.28+0.28 0.8240.46 2.44+0.38  0.447+0.52
16 0 0 0 12.904+1.85 6.134+1.03 1.4140.40 0.7940.32 2.39£0.34  0.397£0.36
17 0 0 0 11.604+1.10 5.6540.82 1.324+0.20  0.9040.34 2.4540.55 0.4140.32
18 0 0 0 12.554+2.42 5.9040.88 1.40+0.37 0.8240.36 2.73+0.40  0.31£0.36
19 0 0 0 12.004+1.38 6.55+0.29 1.414£0.39  0.83£0.36 2.91+0.48 0.394+0.36
20 0 0 0 11.5343.03 5.884-1.44 1.2540.36  0.9340.36 3.004+0.47  0.39+£0.28
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Xif B K A 30.0 %6 HOAS it AR A, 7K 43 ) kR e/
4 0.57 pmol/mmol, FEARMREM: Fr oK 73 F1) HI R B &
IR IG IS T 5 AR . 4 B R AR K 3 R T ROR
BOREF, X, =0.14 F1 X, = —0.03 & Ilfs FL2L 0 43 5
JLED AT KR 57.09% Hoi &l 98.22
kg/hm® i, i 7 7K 43 1) A% % 3k B B KA 1,34
pmol/mmol, It 5 3% i B A . 15 BH 76 1l 3 3400z 43
FUZ K RS FERMRIK 53 F) AR 5 R AR O, B3 &
1) = 38K o3 FEUIE BT DAAE B S R I 4 g R R K
SRR R Z G,

7 f
6. B
08, 6

5 EAREXSMABEKERZEHM

243 A E@BAEB LI E >N El AT
PR 2 A A i A8 A0 A AR A 5 L B
RS BT AR A X, X, R UL, X X0 A X, X R IE
1B T A Rl 76— 2 30 161 P 5L A BTl 1 R T 1 sk 1
FH 28 B 3508 KB /N R 7K 85 = K 0 > U, A K
A& H AN R B AR MR A ) ) 38 HLRON A B T 5 3 K
F(p<C0.05), ZE Tl PKFE I 1§l G 5 [l AR 7 52
HI X, X, X X M X, X R 50 8 (e, 52 5 5%
IVY NI NS FI & e = K 7 & N (R OB VR )
B F B K. R, 3 LA A M KB X R R A
Yt 58 BN . IR 6, AR B R B, =2.65+
0.96X,40.17X;4+0.20X540.005X?—0.32X , X 5,
R REAE 6 i LA X R X ¥ —
1.682 B B MR AL Wy & A /N, B A e AR X & K & 2
30.0 %6 FIAS Tt B A ), 259 e /N Ry 0.42 g/ Bk, Y
X, =1.682 Ml X, = —1.682, B +- A X} & K & N
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R KO 2% PR X BERT A 3 B PR RO S S A W R TR 185

80 Yo FIAN it g NES BsF » 25 4 et 3k B B KAE W 5.46 g/ Bk
W B R AR R A Wy i K it ] e 4 3G IS O T
K W 58 A R BOR B LA 3 B AR AR 2 7
B IR AT R AR X I ) 75 oK R A A1

2.5 WEFE

2.5.1 FERBEFALAKIE T E  EIRE LRI K
FERIA G W SE i L, R H Design-Expert $CFXf H R
R B AR Wk 1 [l T A Y A 24 A% A T R AT AR
T L AR Sy AR A R SRS A A L il
ARAYEIREIRE, BTN X, =0.12,X,=
—0.14, X, =—1.16 B, B ARBBEOL A HE R KR
12.61 pmol/(m” « s), K4 A F i KN 1.21
pmol/mmol, A ¥ i e Ko 3.23 g/#k . MRl 50 Jr
50 K 8RR A Tl 05 B R, RS R 5 A UK.
1.682,1,0,—1 F1—1.682, LA A &b B Y i 56 2% 57
BIEAE N & G0t b #k 5 7 0 46 Ar i B, R A
DPS Bl i B R G xf 5° =125 D7 B kAT S0, 1
125 NIr & JO B BA KT 10.64 pmol/(m” + s)

A AA 50 A e T 2.78 g/ MR T £ IH 65
AL HOK BB R G T E W 3 Mk 4,

7T 7777
AT ]

Il,;;silll”

B(g* %)

Blo6 EABEMEKBIENN

=3 BEARBERESEREXT 10.64 pmol/(m’ - s) I M AT REME

K X X X
woE WA W% WA W% WA W%
—1.682 0 0 9 0.180 5 0.100
—1 0 0 13 0.260 9 0.180
0 10 0.200 14 0.280 11 0.220
1 20 0.400 11 0.220 13 0.260
1.682 20 0.400 3 0.060 12 0.240
CRIR/ & 50 1 50 1 50 1
TIA 21 %k 1.073 —0.242 0.315
s U 15 0.087 0.148 0.161
95 % B 15 X [A] 0.902~1.244 —0.533~0.049 —0.001~0.632
T % 68.44~73.54 68.29~102.92 139.92~192.58
x4 BABEYEXRF 278 g/MHSIHKFERME
X, X, X;
7K " " "
WHL i % WHL i % WHL R
—1.682 5 0.077 13 0.200 10 0.154
—1 0 0 13 0.200 10 0.154
0 10 0.154 13 0.200 10 0.154
1 25 0.385 13 0.200 15 0.231
1.682 25 0.385 13 0.200 20 0.308
A 65 1 65 1 65 1
YIS E=EAE 0.902 0 0.336
T M 15 0.116 0.153 0.156
95 % B 15 X [A] 0.675~1.130 —0.301~0.301 0.030~0.641
53 TS 65.06~71.84 82.09~117.91 142.50~193.33

LEEER I MR 4 PO R MAEY BRI
2 I B 7K I i FH 2 10 B 3 A — 30, S 38 ik 6 45
A TERA M 5 ] S AR AR B8 B0 43 40 o 7E 7K I F e A
IR St 20 A5 AR A KR E R A1 R K e )y
AT K B 68,44 % ~71.84 % . Jiti AL & 82.09~

102.92 kg/hm® it 139.92~192.58 kg/hm®,

2.5.2 FEREHHFHAKIEFTE R Design-
Expert #5458 ARBEOG G B AR Wy i (4[] U5 B R0 7E 24
R HEATRER F48. Y X, =0.16,X, = — 1.56,
X, =—168 B, kEF LGB HE KN 8.67



186 i ol T S %28 &
pmol/(m?® « s), K4 ] FH 8%~ i K 0.98 pmol/ LA R KT 6.37 pmol/(m* « ) YL A A 53

mmol, EY KR 0.34 /B, BAPHERS K
F-.1.682,1,0,—1 fl—1.682,H & 125 P %, H

MG TR 5 fME6,
£5 FEHKESEKSEZRAT 6.37 pmol/(m’ « s) IS KT ERIAE

A EWIEE T 0.38 o/ #RE9TT AT 65 4 HOK VA

X, X, X,
7K — ‘,,, — v —
WL A7 WL A3 WL A3
—1.682 2 0.038 5 0.094 11 0.208
—1 3 0.057 6 0.113 11 0.208
0 7 0.132 10 0.189 10 0.189
1 19 0.359 14 0.264 11 0.208
1.682 22 0.415 18 0.340 10 0.189
Al 53 1 53 1 53 0.9999
JnA ¥ % 0.937 0.563 —0.032
bR 1R 0.124 0.156 0.17
95 %% A X [7] 0.693~1.180 0.258~0.869 —0.365~0.302
SRS 65.33~72.58 138.40~181.96 78.28~117.97
R6 EEHKEEWMEAT 038 /HHIHRAFTERME
X, X, X,
K- . . -
WA AR WL AT 22 UHL AR
—1.682 0 0 5 0.077 13 0.200
—1 5 0.077 10 0.154 13 0.200
0 15 0.231 15 0.231 13 0.200
1 20 0.308 15 0.231 13 0.200
1.682 25 0.385 20 0.308 13 0.200
A 65 1 65 1 65 1
YIS E=EA 0.878 0.465 0
b v TR 0.104 0.139 0.153
95 %% A X (7] 0.674~1.081 0.193~0.738 —0.301~0.301
53 TS 65.04~71.11 133.76~172.62 82.09~117.91

LEEER 5 MR 6 hiFo G R MAEY BRI
28 P KON it FH 31 PRl R A — 50, SRy 14 a4 245 2R
A UERAPE 5 AT SE 1, T R B2 430 R E K B B 8%
TR FER 1B AE A5 58 7 VKB AR KR B R AT A9 S ALK
05 %6« H AN K& 65,33 % ~71.11% , Jiti & & 138.40
~172.62 kg/hm” , Jitiff &t 82.09~117.91 kg/hm’ ,
3 Ww

FEPG LT 5T X, 7K G 2 AE B 52 Ay B ol 2 1A
T R HOK R MREL R A KR B R R, Y
AR B K i IR o AE A 9 A K AR SR AR 2 A2 BOR
KR BRI KR SR sc e S £
FE R B K R 80 Y0 B HR i L X 5 H g R pE
FE R R MR G G R HT d5c 3 D R A A X JR] 4 K B
78.4 YIS R AT . Wi X RORBR AR K& E W Tk
KF A, FZIEX F 5 d ok B stk K FaE i, X 5
HIA BB 58 45 A — 5, EM AL T,
FABEDOCE M AEY AR E S Tk, 2K
B TR LA SRR 5 R AS B ECRE Y A B A S 4
b I GRHCE L & S BB K T ARARM R,

PRI IH o DG A 7% 57 95 DX R A 38 b A 3 AR A2 7 2 1 3
AHR GRS UK,

JK HEHE 5 208008 4B ) AT 7 A 3 Ao A T A 4 2R
B2 SO S o) N By QANE= ) 15 VAR L E /1S VA N E v B
LA AR RS 26 1R BRSOt 5 3 R AR
BSRR T HHE K B R B R AT
Bronson %7411 % BL/K AL A 15 RE AT 4 2E A 9 A=
KL B K 3 FFR 2 B R AR ROt H kA7 oK
SR BRIFR R BUELF . ORGSR RS S
P B/ ANV TR AR S WAy - U S D | 2
A R R AL AR P SRl e R
PR ROE G AR, AR R GE S T 17 a kT
AR I ML A 25 AR SRR AR 9 A SR A R B A A R
GEAEHOB K AR A ™ 3 AR TR X 5 BUX
Koy MFRCR T RERRA RN . 72+ R Mha 00T,
T A AR O 0 R AR AR Ak 0 P R
T/ i BB ) 25 A o R R 25 I i R AR AR R
HOLG R T B 5 BOLE YRR, 5l
KRR 73 IR 5 AR X 5 K e st e i 4 1
TEHH S5 AR o G e o o G 7K 23 1) A0 3 1) 52 e A5
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b R A KOIE X AT A g 1 TR B DG S e A W RS ) 187

R T 7E Aol A 552 oty oK ) KON A B g R o R R N 2
TR FEAHR A S X S IR AR AT A

4 %

(D) RIS T 2 Fd w05 KA Y K
A I B AL, Y3k 3 T K BB A R 5R AR %
P 38 N T F0 PG b R XA A 1L AT
TRE 54T B AR AN 523 DK A A R K4 FI

(2) EHIKAXF 2 PO 50 A S A 1 o i R
WAL B AR AR KR I BTk R T U AU XS 5t vk
R TTERR TREAL ; — PR A T AE HIXT 2 B R K 43 F)
FHACR 0 52 W 7 B KB /N34 2 7K R > 7K il = U 5 X
TAYERN =R R LA I/NE B Ry K>
IKE R - 52 b VK R K B > A= Kk .

(3) BARBICE KA AT KT 50 vk 7Y
ACIERT A LA B Pk A2 1) R A 4 e 3 R AR AR, L e AR K
RE 28y - S AR X 55 7K i 68,44 %0 ~ 71.84 %, Jiti & i
82.09~102.92 kg/hm?, Jiti #§ i 139.92~192.58 kg/
hm? . HWROGE S vk, s KB 7 % . + 1A
XK 65.33%~71.11% ,jifi A it 138.40~172.62
kg/hm?, i #s i 82.09~117.91 kg/hm?,
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