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Effect of Harvest Stage, Wilting and Crushed Rice on the Forage

Production and Silage Quality of Organic Whole Crop Barely
Jong Duk Kim, Hyun Jin Lee, Kyeong Hup Jeon, Ga-Young Yang, Chan Ho Kwon',

Ha Guyn Sung® Soon Hwangbo® and Ik Hwan Jo*

ABSTRACT

Although whole crop barley (Hordeum vulgare L.} is now widely grown as a silage crop in Korea,
forage production and silage quality of that for organic farm have not been published. Therefore, this
experiment was conducted to evaluate the effect of harvest stage on forage production and quality of
organic barley, and effect of field wilting and crushed rice for shortening of harvest date and improvement
of forage quality. The experiment was split-plot design with three replications. Main plots were heading,
mitking and yellow stages, and sub-plot were field wilting for 1 day, crushed rice 10% (CR10%) and 15%
(CR15%) treatments. The dry matter (DM) contents of heading, milking and yellow stages were 12.8%,
21.9% and 29.8%, respectively. The DM yields of heading, milking and yellow stages were 10,346, 15,819
and 18,336 kg/ha, respectively, and the total digestible nutrients (TDN) of these were 6,288, 9,550 and
10,178 kg/ha, respectively. The pH of milking stage showed low 4.00 pH values. The crude protein, ether
extract, crude ash, non-fiber carbohydrate (NFC) and TDN contents were decreased as harvest stage
progressed, while neutral detergent fiber (NDF) and acid detergent fiber (ADF) were increased. The crude
ash (CA) of milking stage showed the lowest among harvest stages. Field wilting and crushed rice
treatments decreased CA, NDF and ADF contents, and increased NFC and TDN contents. In vitro dry
matter digestibility (IVDMD) decreased with progressed harvest stage, while field wilting and crushed rice
treatments increased that of barley silage. Lactic acid and total organic acid contents of milking stage were
the highest, and butyric acid of milking stage was the lowest among harvest stage. The good effect of
field wilting and crushed rice was observed in heading stage. The experiment results indicate that optimum
harvest stage of barley silage for organic was milking stage. The field wilting and crushed rice additive
could be recommended as effective method for shortening harvest date and increasing forage quality of
organic barley silage
(Key words : Harvest stage, Wilting, Crushed rice, Organic forage, Barely silage)
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Table 1. The chemical composition of organic crushed rice

Item Moisture Ccp EE

CA NDF ADF NFC TDN

Content (%) 59 13.7 257

10.1 254 13.0 25.1 78.6

CP =crude protein, EE = ether extract, CA =crude ash, NDF = neutral detergent fiber, ADF =acid detergent fiber,
NFC = nonfiber carbohydrate, TDN = total digestible nutrients.
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Table 2. Instrumental conditions of high performance liquid chromatography (HPLC) and gas
chromatography (GC) for organic acid of silage

Item HPLC GC
Column C18 (25cm) DB-FFAP (30mx250ym nominal)
Column temp. 40 C 100°C to 2207C (increase 10°C/min.)
Injector temp. 230C
Detector UV Detector FID detector, 230°C
Flow rate MP: 0.0IN H,SO, H, 40 mL/min.

Flow rate:1.0 mL/min. Air 400 mL/min

N, 56.5 mL/min.
Sample vol. 20 1 1l
7}A3} 9 FAFTF (total  digestible  nutrients, 257178 ZH7F 10,346, 15,819 E 18,336

TDN)2 ZAE43+e7 & AdAE 7l
= Ao ZA3I] ADFe] EAMx|e) o3t At
Al TDN = 88.9—(0.79 x ADF%)°l] 2lsto] Ak
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'

Table 3. Effect of harvest date on the forage production of organic whole crop barley

Harvest Dry matter Yield (kg/ha)
Stage Date (%) DM TDN
Heading stage 29 April 12.8 10,346 6,288
Milking stage 14 May 21.9 15,819 9,550
Yellow stage 28 May 29.8 18,336 10,178
SEM 7.4 3,767 1,923
LSD(0.05) 2.19 1,320 923
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Table 4. Effect of harvest stage, wilting and crushed rice (CR) on the visual appraisals, dry
matter (DM) and pH of organic whole crop barley silage

Visual appraisals (0-20) DM pH

Harvest Wilting and
stage crushed rice Odor Feel Color Total - (%) (1:5)
Control 8 1 0 9 12.7 5.06
Heading Wilting ‘ 10 3 2 15 19.1 442
stage CR 10% 9 2 1 12 14.9 4.76
CR 15% 9 2 1 12 18.6 4.57
Mean 9 2 1 12 16.3 4.70
Control 14 4 2 20 21.7 392
- Wilting 13 4 2 19 29.0 4.03
N;g‘g’;’g CR 10% 13 4 2 19 255 415
CR 15% 13 4 2 19 27.6 4.02
Mean - 13 4 2 19 259 4.03
Control 13 3 2 18 279 5.58
Wilting 11 2 1 14 484 6.17
:et:g;:v CR 10% 12 2 1 15 31.0 5.14
CR 15% 12 2 1 15 38.9 4.59
Mean 12 2 1 16 36.5 5.37

LSD (0.05)

Harvest stage (H) 0.91 0.15
Wilting and CR (W) 1.05 0.18
sk sk ek

HxW
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Table 5. Effect of harvest stage, wilting and crushed rice(CR) on the chemical composition

of organic whole crop barley silage

Harvest Wilting and CpP EE CA NDF ADF NFC TDN
stage ctushed rice (%) (%) (%) (%) (%) (%) (%)
Control 16.8 3.7 143 547 37.8 105 59.0
. Wilting 163 4.0 117 354 26.6 113 60.8

Heading
) CR 10% 174 36 149 52.8 35.5 327 67.1

age
stog CR 15% 161 37 115 360 27.6 26 67.9
Mean 16.6 3.8 13.1 44.7 31.9 218 63.7
Control 154 46 11.7 56.6 45.5 116 53.0
Milking Wilting 15.3 3.8 114 54.9 36.0 14.6 60.5
CR 10% 14.1 32 9.5 529 34.8 20.2 62.5
stage CR 15% 130 25 8.1 38.2 226 383 69.8
Mean 14.5 35 102 50.6 34.7 212 614
Control 10.7 3.6 12.7 59.7 425 133 55.3
Wilting 12.2 3.0 10.6 48.8 350 . 134 555

Yellow
CR 10% 11.5 3.0 12.0 554 415 18.1 56.1
stage CR 15% 122 30 106 488 35.0 241 612
Mean 113 3.1 12.0 56.0 403 173 57.1

LSD(0.05)
Harvest stage (H) 047 032 092 1.62 1.37 2.02 1.08
Wilting and CR (W) 054 034  1.07 1.87 1.59 2.87 1.25
wa Aok EE NS skeokok kkk ksk Fekk

CP =crude protein, EE =ether extract, CA =crude ash, NDF = neutral detergent fiber, ADF =acid detergent fiber,
NFC = nonfiber carbohydrate, TDN = total digestible nutrients.
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Fig. 1. Effect of harvest stage, wilting and
crushed rice (CR) on the in vitro dry
matter digestibility ((VDMD) of organic
whole crop barley silage.
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Table 6. Effect of harvest stage, wilting and crushed rice (CR) on the organic acid of organic

whole crop barley silage

Harvest Wilting and Organic acid (%) Lactic/
stage crushed rice Lactic Acetic Butyric Total Organic
Control 1.73 2.90 2.13 6.76 26.7

. Wilting 7.84 2.02 0.89 10.75 732

H:;i‘:g CR 10% 6.39 1.87 1.58 9.84 65.4
CR 15% 6.71 191 1.88 10.50 64.1

Mean 5.67 2.18 1.62 9.46 57.3

Control 10.13 1.59 0.58 12.30 82.4

- Wilting 9.80 1.30 0.15 11.24 872
Igzzg CR 10% 7.85 228 0.54 10.67 745

CR 15% 6.76 1.22 036 8.34 81.0

Mean 8.64 1.60 0.41 10.64 81.0

Control 0.43 1.61 1.40 3.44 125

Wilting 0.50 0.86 0.27 1.63 30.3

stgg": CR 10% 1.07 1.51 0.80 3.39 31.7

CR 15% 1.64 1.04 0.36 4.03 53.9

Mean 091 1.25 0.71 2.87 32.1

LSD(0.05)

Harvest stage (H) 0.58 0.48 032 0.94 538
Wilting and CR (W) 0.67 0.56 0.36 NS 621
HXW Aok %k Ns NS ¥k ok A kk
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