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Abstract

BACKGROUND: This study was conducted to evaluate
the effects of the fertilizer sources and ground cover mul-
ches on nutrient release, growth, and photosynthesis in
small one-year-old apple (Malus % domestica Borkh.) trees in
controlled conditions.

METHODS AND RESULTS: Treatments included no fer-
tilizer (NF), commercial organic fertilizer (CF), and poultry
litter (PL) for fertilizer treatments, and wood chips (WC),
shredded paper (SP), green compost (GC), and grass clip-
pings (GR) for cover mulch treatments. All treatments
were applied proportionally based on the volume ratio equi-
valent to the soil. CF, PL, and GR treatments that had
optimum carbon (C) and nitrogen (N) ratios (less than 30:1)
for N mineralization through the microbes released the
greatest NH; concentrations in the pot media at 90 days
after the treatments, but GC mulch with the optimum C:N
ratio did not. CF-, PL- and GR-treated plants had the
largest leaf area, thickest stem diameter, longest shoot
extension, and greater dry matter production.
CONCLUSION(s): CF and PL showed an suitable organic
nutrient source for improving plant growth in an orchard.
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Interestingly, GR also could be a nutrient source for tree
growth, if vegetation competition is controlled by mainta-
ining vegetation height and recycling enough grass clippings
to the soil in an orchard.
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FAZE QR ke S 29eelaL, st AAgHoR A
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Source Treatment content Input
(g, dry wt.)
No fert. - . . .
(NF) Tap water application without any organic feeding source -
Fertilizer Commercial fert Formulated, certified organic gelletized fertilizer 17
(CF) (10N-2P,05-8K;0O, Nature Safe")
Poul;t;{)htter Composted poultry litter fertilizer 108
Wood chips .
(WO) Uncomposted wood chips 75
Shredded paper Shredded white paper obtaining from recycling center in University 64
(SP) facility
Mulch
Green compost Municipal green compost mulch from leaves, grass, and small brush 13
(GC) obtaining from City of Fayetteville
Grass clippings Grass clipping mulch mown from tall fescue and other weed species 5

(GR) in the organic apple orchard
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Table 2. Amount of nutrients (mg/pot) applied by fertilizer source and ground cover mulch in a greenhouse

Treatment C N CN P K Ca Mg Fe Mn Zn Cu B
Commercial fert (CF) 5,680 1,301 7 252 452 518 98 88 51 47 319 74
Poultry litter (PL) 29,991 1,301 23 1,332 1,293 6,491 316 90 49 37 17.1 1.8
Wood chips  (WC) 21,555 491 42 44 188 977 69 192 29 3 1.0 1.1
Shredded paper (SP) 22,774 115 208 4 20 3,520 43 108 1 2 0.4 0.2
Green compost (GC) 19,142 1,301 15 195 549 4,169 194 549 79 10 2.0 1.6
Grass clippings (GR) 1,633 80 15 11 48 33 7 85 14 3 0.8 0.7

Results were from bulk analysis derived from random samples of the fertilizer sources or mulches, and were
representative of the treatments during the study period.

Table 3. Soil pH, electrical conductivity (EC), and organic matter (OM) as affected by fertilizer sources and mulches at
90 days after treatments

Treatment pH EC (us/cm) OM (%)
No fertilizer (NF) 44 a 149 b 13 a
Commercial fert (CF) 44 a 187 b 1.2 a
Poultry litter (PL) 46 a 186 b 13 a
Wood chips (WQ) 48 a 311 a 1.2 a
Shredded paper (SP) 47 a 148 b 14 a
Green compost (GC) 4.6 a 164 b 13 a
Grass clippings (GR) 44 a 152 b 10 a
P value 0.065 <0.05 0.779

Means followed by the same letter within a column are not significantly
different according to Duncan's multiple range test at /%0.05.

HAAE Y A #01= 2 em OIANE A5 g)o 24 I EL, Au oldsteA vk, 18a o 2EE st
A Flow Ak Floko] 7P ARt ®AauAAHlE WC IGRA(Infra Red Gas Analyser) leaf chamber= 25C <
9} SP A= AlYetie f71AFAM Y+ EAAR) B T, 350 ppm CO, 50% A%, 1,200 pmols/m*/s %
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Sl =iy ) 2l pEt
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T JER2T} A EF 30%E AR
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S GC Tk Bhe w29 W H AAE YERlE A (15:1) GC A@7= GR AT w29] A8 7]oje44]
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Table 4. Soil nutrient concentrations (mg/kg) as affected by fertilizer sources and mulches at 90 days after treatments

NO; NH, Av.P K Ca Mg Fe Mn Zn Cu B
Treatment
(mg/kg)
No fertilizer (NF) 11a 1.0b 6bc 13c 166 bc 40 a 46 a 65b 079bc 0.77a 007 a
Commercial fert (CF) 12a 1.6 a 10b 16 ¢ 133 ¢ 40 a 47 a 58b 0.82bc 072a 0.14a
Poultry litter (PL) 16a 16a 23a 45a 168 bc 40 a 47a 56b 144a 078a 01la
Wood chips (WC) 09a 1.0b 4c 29abc 141bc 39a 47 a 60b 086bc 082a 015a
Shredded paper (SP) 12a 1.1 ab 4c 25bc 183Db 40 a 43a 59b 072c¢ 062a 015a
Green compost (GC) 11la 09b 7bc 34ab 268a 43 a 46 a 89a 099b 078a 020a
Grass clippings (GR) 1.1a 1.3 ab 5bc 26bc 143bc 40a 45 a 65b 079bc 079a 0.08a
P valuee 0166  <0.05 <0.001 <0.01 <0.001 0872 0815 <0.05 <0.001 0614 0.336

Means followed by the same letter within a column are not significantly different according to Duncan's multiple range
test at P < 0.05.
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Table 5. Total leaf area, single shoot diameter, and height of small apple trees grown in a greenhouse as affected by

fertilizer sources and mulches at 90 days after treatment

Treatment Leaf area Stem diameter Tree height
(cm’) (mm) (cm)
No fertilizer (NF) 371 ¢ 6.1c 43 ¢
Commercial fert (CF) 844 b 8.0Db 72 a
Poultry litter (PL) 1,020 a 93 a 75 a
Wood chips (WQ) 311 ¢ 59c¢ 37 ¢
Shredded paper (SP) 336 ¢ 6.0 c 41 c
Green compost  (GC) 413 ¢ 6.9 c 54 b
Grass clippings (GR) 853 b 82b 74 a
Significance <0.001 <0.001 <0.001

Means followed by the same letter within a column are not significantly different according to Duncan's multiple range

test at P < 0.05.

HRoot ™ Leaf MStem

Plnt drywt (g)

Treatment

Fig. 1. Plant dry weight of small apple trees grown in a
greenhouse as affected by fertilizer sources and mulches
at 90 days after treatment. Different letters top columns
indicate significant difference by Duncan's multiple
range test at P < 0.05. NF=no fertilizer, CF=commercial
fertilizer, PL=poultry litter, WC=wood chips, SP=shredded
paper, GC=green compost, and GR=grass clippings.

25

a
mDAT20 b
20 A b DATSO
B
1§‘ 15 1
< c c
= c
=
4 10 - c
g
2
54 4 ab 2 ab, ab ab ab
MF CF PL Wc 5P GC GR

Treatment

Fig. 2. Plant top dry weight of small apple trees grown
in a greenhouse as affected by fertilizer sources and
mulches at 30 and 90 days after treatment. Different letters
top columns indicate significant difference by Duncan's
multiple range test at P < 0.05. NF=no fertilizer, CF=com-
mercial fertilizer, PL=poultry litter, WC=wood chips,
SP=shredded paper, GC=green compost, and GR=grass
clippings.

y = 5.6800 +1.2287 .

1.0 1.5 2.0 25 3.0 35 4.0 45 5.0
NO3 +NH.* (mg/kg) in soil

Fig. 3. Relationships between inorganic N and top (leaf
+ stem) dry weight in a plant at 90 days after treatment.
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e WH e SER F7M7)E Ao® A7t

U = Y AAEEE 2d CFe PL, 183l

FAFY U g2 A48 £9(15:1) GR AT B2
75_%%% A2ka1% 31(r*=0.451)(Fig. 3), ol&13 #2 B
& A F 5404 AU B S FYF R ST
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Table 6. Fohar Pn (CO; assimilation, pmolCO,/m"/s), Tr (transpiration, mmolCO,/m’/s), GS (stomatal conductance,
pmolCO,/m’ 2/ s), Temp (temperature, C), CI (internal CO; concentration), and SPAD 502 meter chlorophyll estimate of
single shoot of small apple trees grown in a greenhouse as affected by fertilizer sources and mulches at 54 days after

treatment

Treatment Pn Tr GS Temp CI SPAD
No fertilizer (NF) 94 c 41a 567 a 23 a 279 a 30 be
Commercial fert (CF) 122 a 43a 546 a 24 a 260 bc 33 a
Poultry litter (PL) 124 a 39 a 406 a 24 a 253 ¢ 34 a
Wood chips (WC) 88 ¢ 41a 464 a 24 a 282 a 29 ¢
Shredded paper (SP) 92 ¢ 44 a 571 a 24 a 284 a 30 bc
Green compost (GC) 10.2 be 44 a 556 a 24 a 277 a 29 ¢
Grass clippings (GR) 114 ab 45a 595 a 24 a 269 ab 32 ab
Significance <0.001 0.396 0.449 0.205 <0.001 <0.001

Means followed by the same letter within a column are not significantly different according to Duncan's multiple range

test at P < 0.05.
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