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The Effects of Organic Manure and Chemical Fertilizer Application
Levels on the Growth and Nutrient Concentrations of
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ABSTRACT

Soil nutrient management is important to maintain the constant productivity of seedling production
in the nursery for successful forest restoration. This study investigated the effects of organic manure
and chemical fertilizer application levels on the growth, soil properties, and nutrient concentrations of
yellow poplar seedlings. One-year-old yellow poplar seedlings were treated with the combination of

3 level organic manures(0, 5 Mg/ha, 10 Mg/ha; mixture of poultry manure, cattle manure, swine
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manure, and sawdust) and 3 level nitrogen-phosphorus-potassium(NPK) chemical fertilizers(0, 1x(urea,

30 g/m? fused superphosphate, 70 g/m? potassium chloride, 15 g/m?), 2x). Organic manure significantly

increased the soil pH and the concentrations of nitrogen, available phosphorous, exchangeable

potassium, calcium, and magnesium. In contrast, the NPK chemical fertilizer decreased the soil pH and

exchangeable calcium concentration, did not affect the soil concentrations of nitrogen and magnesium,

and increased the concentrations of available phosphorous and exchangeable potassium. Both organic

manure and NPK chemical fertilizer treatments increased the seedling height, root collar diameter, and

dry weight by 39% and 25%, respectively. The treatment with manure 5 Mg/ha and NPK 2x chemical

fertilizer mostly increased seedling dry weight by 2.6 times more than that of the control. Compared

to the effects of the fertilization treatments on the soil properties, the effects on nutrient concentrations

in the leaves were relatively small. These findings indicate that organic manure that was derived from

livestock byproducts and sawdust can be utilized with chemical fertilizer to improve seedling

production as well as conserving soil quality.

Key Words : Aboveground biomass allocation, Growth performance, Nutrient treatment, Nursery system,

Seedling production.
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Table 1. Chemical properties of applied manure compost. A o] HES WA ZFH sy ko z &
Variables Concentrations EEH AASA 7L BoAAA] BEE
Chemical properties Exiyies
pH (-Log[H']) 6.6 ( 0.5 =3d 559 297y FuE ST
Organic matter (%) 30.3 ( 0.2) Helg 2% 5 33] o] AojFo] B &
Total N (g kg)* 9.4 ( 1.6) e Ege AASIA T A= BAR(EY]
P (mg kg 50 ( 0.0) S} 7N o re] AH 6L Aokt
K (cmol. kg 77 ( 0.5) 223 el S ek & AFHsksivh A
Ca (cmol, kg') 20.1 ( 0.1) A Mg 65°ColA 1579 A% Fo AT
Mg (cmol, kg™) 38 ( 0.1) =7 st
Na (cmol. kg") 14 ( 0.1)
Mn (mg kg') 494.1 (24.5) 4.EZ A A=A 24
Fe (g kg') 16 ( 0.1) B 24 el Al v 2 s 5
Al (g kg') 35(0.1) A& A g8t EY AEE A
Zn (mg k') 1743 ( 8.1) BE AN JPEARIE AR F S
Cu (mg k') 329 (0.7) TR AP F B 239 HEe AAs
EC (mS m") 473 (13.1) 3L 0-10cm ZelolM 5005 EF= A AT
“Total N is the sum of organic N and inorganic N. AEEF F AR 27 B N ko] A
"Parenthesis is standard error (n = 2). g2|g 3ukEo] Ecke BEAM3IGT)E AEH B
TS A Ase A5 S o849 BE
30g/m? N; €381, 70g/m? P; 7}2], 15gm) = ©| A AMZEste] Azl & 3k EA5H T
otk AAl 67 Sl fF71dB| 59} 3}ehH] EY 7148 183 A EA ARE oY
25 AHslth f71dH R FA4 2l (0Mg/ha), o} o] TSI AFHE EXS AuolA
5Mg/ha, 10Mg/ha 3552 glghul g FAelox), — 4T F B4 pH, 718 &, d4a, #
NPKH] & 1¥l(1x), NPKH|E 2822 =3 FOAk XA K, Ca, Mg, Na, CEC, 18]3L
(completely randomized block design with 3x3 ECE % 3Ith. EA(soil texture) 30°C 3t
factorial)3ted 7HHE- vjX| 3} T) BE Alo]d]| H] 2|4 B]FA*H(Hydrometer method) &2 =%
58 £o= nE/ Yelu BT 2 4o S 715 e 52 (Wet combustion)
ot Ui A A 7Rk Ol 2ol Sem, ] Tyurin method2 #4313ttt B pHE E
A%¢ o] semZ T2 & THEoFo] Zhar & 10gS SHT D52 E3e T pH meter
ofg vg f4d& WA = skt ﬁ}éi gFE EY 1g= Micro

3. Mzt =3
ole ¥ Al Ael F20% Arpr] AR5}
Aol AR ZABSTE AT A

oA AAE BES AT SN SEE U
e el 248 a9
< Az837] A3kl 7t

‘Kjeldahl“éij«i St EY FRJLKP,05)
£ Lancaster method 2 27331911, X34 K, Ca,
Mg, Na= 1 N NH,OAcZ £Z3 & Atomic
Absorption Spectrometer(AAZSOFS USAZ =7
3}9ith. CECE 10g9] E9FS £0) 1 N NH,OAc
9} 1 N CH;COOHE ©]-8-3}°] Brown method=
4513
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Table 2. Soil texture and chemical characteristics of the study site before fertilizer application.

Soil depth (cm)

0-10 10-30
Texture
Sand (%) 60.4 (2.2)° 63.4 (1.1)
Silt (%) 29.5 (1.8) 29.4 (3.5)
Clay (%) 10.1 (4.0) 72 (2.4)
Chemical properties
pH (-Log[H']) 53 (0.1) 54 (02)
Organic matter (%) 2.45 (0.10) 2.14 (0.43)
Total N (g kg)* 1.95 (0.08) 0.15 (0.01)
Available P (mg kg') 323.0 (78.2) 53.8 (9.8)
Exchangeable K* (cmol, kg'l) 0.48 (0.11) 0.43 (0.13)
Exchangeable Ca** (cmol. kg™) 2.1 (0.1) 1.5 (0.1)
Exchangeable Mg®* (cmol, kg™) 0.54 (0.01) 0.29 (0.03)
Exchangeable Na* (cmol, kg™) 0.12 (0.00) 0.13 (0.01)
CEC (cmol, kg™) 124 (0.1) 13.4 (0.0)

"Total N is the sum of organic N and inorganic N.

®Available P and CEC represent H,PO, and cation exchange capacity, respectively.

“Parenthesis is standard error (n = 2).
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Figure 1. Height growth of Liriodendron tulipifera after

treatments of manure compost and NPK
fertilizer. Vertical bars represent one standard
error of the mean (n = 7).
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Table 3. ANOVA table for growth parameters.

Source of Degree of Probability (Pr > F)
variable freedom Height Root collar diameter Total biomass
Block 6 <0.01 <0.01 <0.01
Manure 2 0.02 <0.01 0.02
NPK 2 <0.01 <0.01 <0.01
Manure x NPK 4 0.13 0.04 0.29
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Figure 2. Root collar diameter growth of Liriodendron
tulipifera after treatments of manure compost
and NPK fertilizer. Vertical bars represent
one standard error of the mean (n = 7).
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Figure 3. Biomass growth of Liriodendron tulipifera
after treatments of manure compost and NPK
fertilizer. Vertical bars represent one standard
error of the mean (n = 7).
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g TEv Hs7h glltk(Table 4, 5). 714
3 A 2] o]
ofgt Wztrt glolet. ot f7]1dH| & A
2] 10Mg/ha°ﬂ*1 g3 w2t ol o

Aol H&l] =3khP < 0.01).
f71dR2 A7t ES pHE 57%1 7111,
NPKH| 29} 2 38| & 2|7} ESF pHE 7
2AZL 7 A7) A UE A7 Tr*}aﬂiﬁ‘r
(Warren and Fonteno, 1993; Whalen et al., 2000;
Liu et al,, 2010). 22y} F71=&H| & 22l &l

x4

EE EY 4F0E, 9 e BE



44 N

QA - A

ol

Table 4. Soil properties after treatments.

Manure compost (Mg ha™)

NPK fertilizer 0 5 10

pH 0x* 5.50 (0.02) 5.61 (0.08) 5.83 (0.13)

(-Log[H']) 1x 522 (0.04) 5.42 (0.10) 5.77 (0.09)

2x 5.33 (0.04) 5.39 (0.07) 5.50 (0.06)

N 0x 1.95 (0.19) 1.82 (0.10) 2.00 (0.11)

(g kg Ix 1.72 (0.07) 1.77 (0.08) 1.85 (0.06)

2x 1.67 (0.09) 1.70 (0.03) 1.78 (0.01)

Available P 0x 0.42 (0.04) 0.52 (0.07) 0.59 (0.04)

(g kg Ix 0.59 (0.0 0.57 (0.05) 0.65 (0.07)

2x 0.70 (0.02) 0.63 (0.06) 0.66 (0.09)

Exchangeable K* 0x 0.27 (0.02) 0.45 (0.02) 0.58 (0.03)

(cmol, kg™ 1x 0.40 (0.03) 0.54 (0.04) 0.65 (0.03)

2x 0.50 (0.03) 0.59 (0.06) 0.70 (0.06)

Exchangeable Ca* 0x 2.15 (0.17) 2.67 (0.03) 3.45 (0.39)

(cmol, kg™ 1x 1.46 (0.07) 2.20 (0.26) 3.08 (0.29)

2x 1.65 (0.17) 2.07 (0.25) 2.48 (0.34)

Exchangeable Mg2+ 0x 0.25 (0.03) 0.47 (0.01) 0.86 (0.07)

(cmol, kg') 1x 0.24 (0.01) 0.51 (0.10) 0.87 (0.05)

2x 0.40 (0.02) 0.52 (0.07) 0.72 (0.11)

EC 0x 0.30 (0.03) 0.27 (0.01) 0.29 (0.01)

(mS m™) Ix 0.26 (0.01) 0.31 (0.01) 0.28 (0.00)

2x 0.30 (0.01) 0.30 (0.00) 0.33 (0.03)

Al 0x 1.68 (0.03) 1.59 (0.07) 1.64 (0.02)

(g kgt 1x 1.62 (0.06) 1.73 (0.07) 1.67 (0.08)

2x 1.80 (0.05) 1.72 (0.13) 1.69 (0.06)

Mn 0x 71.98 (5.24) 75.85 (5.55) 96.40 (6.47)

(mg kg™ 1x 73.25 (6.87) 87.00 (5.55) 99.60 (6.96)

2x 74.11 (5.01) 80.22 (1.60) 84.16 (1.11)

Standard errors are in parentheses (n = 3).
Table 5. ANOVA table for soil properties.
Source of  Degree of Probability (Pr > F)

variable fredom  pH N Available P K°  Ca® Mg* EC Al Mn
Manure 2 <0.01 0.19 0.17 <0.01 <0.01 <0.01 059 0.81 <0.01
NPK 2 <0.01 0.02 <0.01 <0.01 <0.01 090 0.14 0.24 0.15
Manure x NPK 4 0.02 0.76 0.18 0.70 0.27 0.08 0.30 0.56 0.24
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Table 6. Foliage nutrient concentrations after treatments.

Manure compost (Mg ha™)

NPK fertilizer

0 5 10
N 0x* 16.92 (1.09) 16.65 (0.64) 16.00 (0.47)
(g kg 1x 15.54 (0.45) 15.11 (1.07) 15.65 (0.37)
2x 15.85 (0.32) 15.85 (0.22) 15.52 (0.31)
P 0x 1.95 (0.14) 1.60 (0.08) 1.68 (0.17)
(g kg'h) 1x 1.50 (0.05) 1.55 (0.06) 1.51 (0.10)
2x 1.53 (0.10) 1.49 (0.09) 1.58 (0.05)
K 0x 17.84 (1.25) 17.20 (1.07) 21.94 (0.68)
(g kg 1x 17.94 (0.78) 17.83 (1.16) 22.36 (0.79)
2x 1835 (2.62) 21.02 3.12) 21.14 (1.59)
Ca 0x 9.23 (1.31) 8.43 (0.39) 8.04 (0.42)
(g kg'h) 1x 8.80 (0.24) 9.16 (0.86) 7.46 (0.12)
2x 8.46 (1.02) 8.84 (0.68) 8.27 (0.85)
Mg 0x 2.84 (0.10) 258 (0.14) 2.42 (0.06)
(g kg 1x 230 (0.20) 2.00 (0.06) 1.94 (0.19)
2x 1.81 (0.15) 2.20 (0.06) 2.15 (0.10)
Al 0x 0.73 (0.01) 0.89 (0.24) 0.84 (0.16)
(g kg'h) 1x 1.00 (0.18) 1.10 (0.32) 0.99 (0.25)
2x 0.90 (0.13) 0.97 (0.29) 1.01 (0.04)
Mn 0x 0.40 (0.02) 035 (0.02) 0.41 (0.06)
(g kg 1x 0.50 (0.02) 0.64 (0.05) 0.66 (0.02)
2x 1.03 (0.11) 1.00 (0.01) 1.04 (0.08)
Standard errors are in parentheses (n = 3).
EY pH7F o A9k slet), ole A3d E Thas HoFa itk & A= AHA
FellA 119 FRF FAHARE H R A2 HE Fol] EFe] FEHIA(CaCOs)2 A8k &3k
pH7} 03~0.79] A5 BAx, #4aF%e 34 AR {71888 Al o8] 71 CaCOosol
HALE Aelgfo] =245 E=UTHChang et al, A2+ (buffering) S 77 24 ESF pH
1990). £ pH7} 5491 BN A7]2 o 2 Z7M7 Aoz ke thEghball, 1999).
e g 74]* F71EH = A2l pHE 244 OE A7 w7 R NPKH R Age E
ZsA= ! T‘/HKlng et al,, 1990). YA o S MM Z e, B AT AHeE dAaE
N %i e f7148| 871 EY pHE H 82l 84e 4Eo|] $4X°Z NH,/ FH =
S7MI71E dEE AR f7]1de|5e] Bk Aag ol&sta Edd H'S WEstd EY
o

EFe] 5S4l wet

7= 4%, AgE 18

F2A]7]7] w0 tiMagdof et al., 1997).
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Table 7. ANOVA table for foliage nutrient concentrations.

Source of Degree of Probability (Pr > F)
variable freedom N P K Ca Mg Al Mn
Manure 2 0.76 0.38 0.03 0.27 0.38 0.79 0.37
NPK 2 0.12 0.02 0.68 0.99 <0.01 0.46 <0.01
ManurexNPK 4 0.88 0.30 0.64 0.81 0.03 0.99 0.37

o] gL B Ul oo el gjofe} WAl
(actinomycetes) &&= A7) (Kaur et al.,
2005), A71H o2 B ool S8l Ullo]
g 7oz FdETKLikens et al., 1996; Bailey
et al,, 2004). NPKH| 55 Z7|7F Alge 4 2
o O 35 gu BES oM 3 B

] 22 - Ho - 4RA 5L 3N A

f714u 8 E 30%9 F7]EsEko]
EG U AL QL BEI T8 ol FHS T
77 Aoz sdHEth 1AM R fU1E
o o

=

293 4] 8
£4FS Y F UE Aoltk(Bhandari et al,
ATl 714859} g8t el 9

&l Bk Ul <19] ghge] F7IetEH], o] Singh
AAY Anle o8] 5
H B o) QS AEA 7} FEelA Hal B
FE A% Bk Z4FS Y
& f718u s AP s &
7FIAE, olE a9 e T/ 714
vl =4 FfEo] 7] WEes e
AHIAE s BEY Gl & 9FS FAAT

a
—
=N
I~
[V}
(=]
S
3
o
o
Kl
o
N

=2
o
i
>,
N
o

o] itk Qo] B F7IZH R A2 At
o frefgh zkol7k fIAIRE NPKH| & A 2] ol
T7Hdel wet Aasititt o] 2 =

f71A0 Aol F7R weh Faaln

(P = 0.03), NPKH| 5 A ] AtoJel] F2]gt 2ol
7} 9tk 2 s=e AlbAEdd e vk
o] 13, rtavlF == NPKAH| A 2foA
7+ THTable 6, 7). 49 LF0F e A
2o ofgk zfo]7} glAIRY B3 &= NPK
H 5 Aol F7betaA fostA S7teka
t, ol EY pHHSh} 718 Z7tel| <fs)
F7F 37k Aoz A

AlH[A o] whE A EA] 22 G Tt
A WA e Avke tE Aoy = Ye
vl 9lth(Park et al., 2012; Park et al., 2013).
olE AMA 7t BEY W o] & Thedt SR
ST o, AEATE F5e FETE vlel

=

i O
erj A7t Skt AEA FE

oo |r

&G CHTimmer, 1996). Alv]x 2l <3

A ES A2 e wed, £71av)
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H| (8.4, 30g/m? N; &3, 70g/m? P; 7}2,
15g/m?) Z3to] Hu AiHdS Btk A
AER AzE §71AHEE gdy AEEY

of o] &3l71e] Al FAbAtE FRdl whE o
AR FE A, A8A BEF 54, W F
9 it 87E, 53] A8 A9 T 8744,
4484 8Q150] sl & Aoltt. & AT
T ST FReR Az A7
7h ofd Wghire] s T2 B ohet
EFRAE Adshe 237} d5S HoFn
glow, f712v 5.9 NPKH| 59 A 4gh 239
ol A SHelM Ao s 24T &
Q&S BelFa 9low, ol FeAl ey
A& AT w5 Yol nx Bokeld] 7]
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