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Fig.1 Arrangement of LED green light source in the incubator
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Fig.2 Different LED light environments in goose house
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2.1 HEKMRE

HERG 1~ 14 d KRS HWER 1 . B4R
AL R ARG S A KRR FR AR, A6 14 d PR R
I~14d HY R EHEEEmKEE (P<0.00D), XfHY
K BB E LS E (P<0.05), 1M#Eik I A& Xt
AERS S AEKMERESEAR (14 d A E. 1~14 d HEY &
B, HEREELREL AR (P>0.05), L,
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Table 1  Effects of LED green light irradiation on growth performance of goslings aged 1-14 days
AL B AL 14 d R A A¥REE R L
Incubation light Brood light 14-day-old body weight/g ~ Average daily weight gain/g ~ Average daily feed intake/g ~ Feed conversion ratio
- A 386.13+35.84b 21.36+2.57b 33.41+3.47 1.57+0.04
R Dark .
£ 469.32+27.52a 27.28+2.00a 38.51+3.73 1.41+0.06
\ SPH 411.67+42.93b 23.25+3.06b 35.14+5.29 1.51+0.14
£ 5 Green g
o 464.75+19.56a 27.02+1.38a 38.96+2.64 1.44+0.10
R E AT P {H P value of significance test
§# 4L 61 Incubation light 0.441 0.402 0.501 0.789
B4 Brood light <0.001 <0.001 <0.05 <0.05
B4k 4% B IncubationxBrood light 0.272 0.273 0.694 0.300

i [FF AR ENG R R AN AL 22 R R 3 (P<0.05), MFEFRIEE TFFRRZRAREE (P>0.05), FFE.
Note: Different lowercase letters in the same column indicate significant differences between different treatments (P < 0.05), while same letter or no letter indicates no

significant difference (P > 0.05). The same below.

Fh B G IRTE AT 2 ORI R AT 4k, & 4EM
B 14 d RS IRTRE. 1~ 14d HYREWE
BREET AT (P<0.05). FhEE B &L T i
1oy, BHMBRSAHEMBYREREA S T AR
&% (0.05<P<0.1), HELHEAHKT HOGHME S
(0.05<P<0.1), Hr&iedl H ¥R & & fkE L5y )
Eb G4 15.26% A1 10.19%. FERBEF 4ELIE T, *
FH S AL AN S8 6 AL T 1~ 14 d SRS & A2 KM SR b
ST R 2R (P>0.05) .

R, TEFP AR B4 T LED 45638, & a5 i

TR P ARG B AR KM RE I e SR RE A AN B3,
1M B 4ERY B ARt LED 406 n] 2 35 s 4 R A Kk g, R
FEIETH IS ER
22 MHEXRE

LED SIS 14 d #E7IE TS ISR 2 Fis.
AL B B S A BT 4B T R S TR R I B =
AR (P<0.05), AN HY, &gt
WX+ ke B R A B EH (P<0.05), B
Bl B DR 2R 50t 40 36 1 38 T 45 48 b 28 ELAE FH B2 i A B 2
(P>0.05) .

#F*2 LED &XHRETt 14 d HHERAIE L B ST

Table 2  Effects of LED green light irradiation on intestinal development of goslings at 14 d of age pm
AL A __ +:?‘n‘iﬁf Duodenum _ __ T’Jﬁfaﬁlleum __
Incubation light Brood light g&{'ﬁjg e st PR ME};E %’{'ﬁg KB IR MEEE
Villus height Crypt depth Muscularis thickness Villus height Crypt depth Muscularis thickness
S Dark S| 778.76£77.36  270.93+21.87a 275.23+24.8 927.60+100.97 199.26+21.48 257.79+£32.14
B 830.10£90.24  255.38+28.37a 253.49+30.19 812.89+84.28 225.624+28.42 268.66+31.57
%45% Green S 825.43+£84.47  247.19+12.90a 239.67+26.49 1010.51+79.64  221.28+30.15 241.82+15.15
Eoin 787.02+£78.12  205.164+22.24b 255.56+31.42 974.154£99.35 216.58+15.75 239.36+26.42
BEVERI P {H P value of significance test

§i# 4t Y6 Incubation light 0.963 <0.01 0.223 <0.05 0.597 0.241

H 4B Brood light 0.868 <0.05 0.828 0.207 0.381 0.825

4k x & 4t IncubationxBrood light 0.257 0.267 0.173 0.507 0213 0.726
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FhERAE LKA T RELS, B4 Bt e b H#
iR R E R B E T A (P<0.05), MR
TR E R WUZ R i R IR R R
KM ZER (P>0.05) . UFELERE PRI, B4
MrEc Lt s T HGIE 200, HXmERS (=
e TR EESE. REREMIEZEEEDE LREY
M (P>0.05). BN BRSBTS Rk
FLL, SRR n] B3 BRI 14 d SRS+ 3B SR
(P<0.05), 44 TRFRIEMGCHE, &R &L
AN FEARTE+ 6 I e s R B 2 A B TR A Febr b &
WHZER (P>0.05),

gE LATR, fERRERSFALIA. BAEIZ%S T LED 8063
BE¥Re— e R T L G M o P SR AR O A RS i R E
A Rz, H s iR E A — e 8k
2.3 MikEE

LED 638t 14 d #EMREER RN 3 s,
5 BRI, St IR Bzm 1L 14 d
SERE MR (ARG, BB, 2 e, 2 &R
BF) KF (P>0.05), 11 E 4G KBRS LR
o RN 7 IR A R P S R 35 (P<0.05), AR AN E
A R AE ARG IR R AR Ar LR R R BHAEH
(P>0.05) .

#3 LED XHE* 14 d IS MIRH RSN
Table 3  Effects of LED green light irradiation on blood hormone levels of goslings at 14 d of age

AL SRR EE(aiG EiR N R 5 1 Equ 1 2 TR
Incubation light Brood light Serotonin/(ng-mL’l) Corticosterone/(ng'mL’I) Dopamine/(ng-mL’l) Testosterone/(nmo]-L’l) Melatonin/(ng-L’l)
S Dark SF 122.85+25.68 49.64+10.76 36.74+6.30 13.36+3.01 488.03+64.70
! B 101.53+12.43 40.38+8.38 27.07+5.74 13.91+£3.50 433.88+50.17
%3¢ Green SP; 125.35+£25.98 51.06+10.87 31.11+6.34 11.91+£3.85 466.06+66.89
” i 96.67+19.00 37.70+9.99 29.69+5.73 12.86+3.16 437.76+52.36
MRS P 1 P value of significance test
§iE4k 6 Incubation light 0.895 0.880 0.580 0.401 0.717

B LI Brood light <0.05 <0.05 0.052 0.613 0.100
I x B 46 IncubationxBrood light 0.680 0.623 0.139 0.891 0.606

To Ve B AL IR 2 SRR, B AR B AR A L
IR PR i R 0B VR B AR T e A 3 A
(0.05<P<0.1), {ERBEATHPEALET, SOLH A
Ay WG 17.35% A1 18.65%, 6L, B4tk A
T4 73 FIMIK 22.88% F1 26.17%. IbAN, BEGEEALET, &
AfEBY BEZR G A0 B 1 IR 22 G FE AT A A B
O (0.05<P<0.1), ZE4LE ALK 26.32%. T {EAH
FIMEAL S CIE T, 0GB AR 486 B 4 I oK B3 0l S
KAk BRI (P>0.05) . {EAHR B HELIRT, A [H
AT LR ZR & Fabn = AR B 52 (P>0.05) .

t A B el A, B AR AL LED S EE T — &
T PR AR S 8 I b B PR Gl 2 SR AN 22 B2 K,
T o PR 5% 5 B 4 5| R B ML A 7= A 30 T - 350 L K 2
JR R R AT, 2 iU LR (UG R 2 B R K
SPHOMBCOR . FTFEAT N R A, LB SRS AL AR IR
BE T R T 28 il v 2 ) 1 XK A 8 3 e 199 I 380 B A
PIEAT A
24 PERE

SOOI 14d I8P BREM M LK 4. K 5.
M2 4 A, PRI A ST 14 d SRS SN (T8

M. BEEE. BEEMEMR) PBKE~SAEW (P>
0.05), T 4 't HE 0] 4 19 11 1 IR 50 20 B K e e 2
(P<0.05), WAk HEFT B 4 R 43S & 504 0 B K
B EARRIHEMAEAER (P>0.05) . RIEZMF T
oy, HEJeMHE, SRR 14 d K. RN
BREFRESA (0.05<P<0.1), 60 0t A m
26.50%- 20.51%, SRTERSHE. B MENARIMHE 2 5H
(P>0.05); ZRIGHFAGIT, B4R B A e fl 4ok a3 7E
HHAPEKEERARE (P>0.05),

HEE S ATAN, AL EIRAT B 4L A B 14 d
SRS B3 P B IS VR (P>0.05), 1T B 4L IR X
AERSE TR RT3 (P<0.05) HARREE
Ao FELE A R P B ¥ 1 R SRR R VE 2 4R A R R L
BAHAER (P>0.05) . it FALTE BT IE 2 486 41
THEAT, BB A FRAERS T B AR EE VR4 1 B K
FHAEAHE (P<0.05).

DRI AT HE T, & 4R 0L LED S8R 85 AT g HE4HE RS
PEAKKE, IR IR b 4R P B 52 46
RERE, AT EceE P EREMREmNYER . Mk
HAE T 28 6 BRI - ARAERS P B B I g A .

£ 4 LED GREBET 14 d EMPEKERFE
Table 4 Effects of LED green light irradiation on feather length of goslings at 14 d of age cm

54k Y68 Incubation light B 46 HE Brood light 15 &8 Back Jitg B Chest 5B Abdomen I Wing B EB Tail
— Bt 1.79+0.41 1.17+0.20 1.26+0.28 1.63+0.33 1.98+0.67
PRI Dark .
Eoin 1.54+0.46 1.48+0.29 1.58+0.35 1.63+0.33 1.76+0.40
P =P 1.97+0.56 1.24+0.22 1.49+0.37 1.48+0.36 1.88+0.61
456 Green PR
B 1.95+0.54 1.41+0.32 1.62+0.36 1.49+0.29 1.6240.60
WEVERILS P A P value of significance test
§iE4L G Incubation light 0.077 0.387 0.220 0.168 0.458
H 46 R Brood light 0.412 <0.05 <0.05 0.966 0.148
WAL < B 46 R IncubationxBrood light 0.472 0.304 0.356 0.966 0.898
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Table 5 Effects of LED green light irradiation on feather cleanliness and back bare score of goslings at 14 d of age
AL R B4 SPIEH13  1F 4> Feather cleanliness scoring Y A B 4
Incubation light Brood light 5 E8 Back 93 Chest &5 Abdomen W Wing 2B Tail Back bare scoring
MR Dark S| 4.30+0.75 4.33+0.78 4.25+0.75 4.00+0.85 3.18+0.71 2.08+0.79a
i 4.17+0.93 4.324+0.67 3.84+0.80 3.58+0.90 2.87+0.73 1.42+0.66b
%3¢ Green EB;5 3.92+0.90 4.17+0.83 4.13+0.74 3.91+0.79 2.98+0.85 2.17+0.57a
- Eon 4.31+0.59 4.19+0.81 4.16+0.82 3.83+0.91 3.214+0.89 1.67+0.49b
E MRS P 1 P value of significance test
#4661 Incubation light 0.607 0.496 0.846 0.768 0.761 0.374
B 468 Brood light 0.582 0.994 0.560 0.361 0.872 <0.01
WAL T 4G IR IncubationxBrood light 0.266 0.940 0.469 0.525 0.249 0.655

2.5 BEITH

LED ¢ Y6 SR 555 1~ 14 d 4 %8 WP AT S 1 52 1 4
6 TN o AL IEORT A 38 KR AT R 48 A R T S 3
(P<0.05) CELRWKFIIA 10 s LA E B[ B4k, 0.05<P<
0.1), F 4 o IR X 4 58 B B 47 O 48 b 52w AR . 3
(P<0.001), FABPAT IR CRIREFNE 10s BLE
N 1) RSP R IR ED . A 52040 6 BN 3 4 e IR AS BLAE
Mm% (0.05<P<0.1), 1] UL & 4 08 Ao 4L o B
AT E S AE Ry

W ST ISF [R) F VR E B 78 40 I BRI ATl RIS 2% ik

ITIALET, S EAJeMth, B A4S0 A B AT I 2 PR AR
1~ 14 d 4 581 35 B R B[] ¢ 45 22 B IR BRIk 10 s BA B
TR IR L (P<0.05), T&kye4et N}, Xuebqy
FtEbR CRIRIECP 10 s DL ERERRAN) E B4R A
5ot HERkRINE EZEEZR (P>0.05) . HXEH
W, 45 % 0 A Ak B AT IR 3 R IR AR RS P 35 OB IR 2
(P<0.05), XFHARAT At LR ZF MW (P>0.05,
SOt E MRS, SEEIEAL AL BE R X BN AT AR AR R B 2=
SR (P>0.05), [Kk, SE4LEY B E AR B IR i
ITERCAL B IF R 2 B IR

% 6 LED GXHREIxt 1~ 14 d HEBBHPITAHRIF N
Table 6 Effects of LED green light irradiation on feather pecking behavior of goslings aged 1-14 days

LY Incubation light & 4H¢ I/ Brood light A B C D
o SPH 2.02+0.03a 1.96+0.04a 0.77+0.04a 0.49+0.02a
M Dark .
o 1.58+0.08b 1.50+0.10b 0.44+0.10b 0.17+0.05bc
s = 1.86+0.04ab 1.80+0.04ab 0.60£0.05b 0.37+0.04ab
%%t Green |
St 1.55+0.12b 1.50+0.11b 0.43+0.07b 0.1240.04¢
B P E P value of significance test
AL IR Incubation light <0.05 0.093 <0.05 <0.01
4 Brood light <0.001 <0.001 <0.001 <0.001
WAk < 7 4G IncubationxBrood light 0.126 0.084 0.057 0.194

: A. By C. D pilRETI45 REESHCHI A, P34 RRGSIRECEIE 10 s LA R, SF3g 6 RISHCER S, P35 R RS RIREKTNA 10 s BL RS 4 A5
HUA 10 J9 IO £

Note: A, B, C and D denote the logarithm of the average pecking time for each goose, the logarithm of the average time for each goose with a single pecking for more than
10 s, the logarithm of the average pecking number for each goose, and the logarithm of the average number of each goose single pecking lasting for more than 10 s.
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Regulation LED green light in high-density culture mode of goslings

HUANG Xiaofeng® , LIU Zuolan® , XUE Jiajia’ , CHEN Ying'! , XIE Qun',
ZHONG Hang', LUO Yi' , GUAN Zhengjun®® , WANG Chao***

(1. Chongqing Academy of Animal Sciences, Chongqing 402460, China; 2. Department of Engineering and Technology, Southwest
University, Chongging 400715, China; 3. Scientific Observation and Experiment Station of
Livestock Equipment Engineering in Southwest, Ministry of Agriculture and Rural, Chongqing 402460, China)

Abstract: Meat goose can represent one of the most significant economic waterfowl in China. An excessively high stocking
density can reduce the production performance and welfare of geese. Moreover, the light-emitting diode (LED) green light can
play a pivotal role in regulating the growth and development of embryos and offspring in chickens. This study aims to
determine the optimal regimen of LED green light in the high-density rearing mode of goslings. According to the actual
production, a two-factor experiment was designed with the incubation light (dark and LED green) and growth light (LED white
and LED green). A systematic analysis was made to explore the effects of LED green light on growth performance, intestinal
development, blood hormones, feather quality, and pecking behaviors of geese in high-stocking density. The results show that
the light intensities were 3040 and 30-35 Ix during the incubation and brooding period, respectively, with a light cycle of L:D =
24:0. The growth performance of geese was significantly improved by LED green light during the gosling brooding period. The
LED green light during the growing period was found to significantly increase the body weight of geese at 14 days, as well as
the daily gain and feed intake of geese for 1 to 14 days (P < 0.05). Furthermore, there was a significant decrease in the ratio of
feed to gain of geese for 1 to 14 days (P < 0.05). A significant reduction was found in the concentration of serotonin and
corticosterone in the blood, as well as the duodenal crypt depth of the geese at 14 days in the green light group during the
growth period (P < 0.05), compared with the white light group. Furthermore, the LED green light irradiation during the
growing period was observed to significantly increase the length of the chest and abdomen feathers of geese at 14 days post-
hatching (P < 0.05), whereas, the back bare score of geese was reduced at 14 days post-hatching (P < 0.01), and the average
pecking time and frequency of geese was reduced for 1 to 14 days post-hatching (P < 0.001). Thus, the green light environment
during the growing period was significantly beneficial to the quality of the feathers and the development of geese plumage. The
LED green light during the embryonic period was found to significantly reduce the average pecking time and frequency (P <
0.05) for better feather pecking behavior in geese. Moreover, the hatching procedure of green light outstandingly reduced the
duodenal crypt depth (P < 0.01), where there was an increase in the jejunal villus height of geese at 14 days (P < 0.05),
compared with the control group. The adverse effects of intensive farming were reduced on the intestinal development of geese.
Moreover, there was no significant interaction to identify between the incubation and brood lights, in terms of the regulation of
growth performance, intestinal development, blood hormones, feather quality (feather length, cleanliness, and damage degree),
and feather pecking behavior of geese. Therefore, the LED green light shared the positive regulations on the negative effects of
high-density rearing of goslings. Moreover, the LED green light during the growing period of goslings yielded superior
outcomes. It is thus recommended that green light irradiation can be employed at the brood stage of goslings in actual
production, in order to mitigate the adverse effects of modern intensive farming on goslings. The findings can provide a
theoretical basis for the efficient production of geese.

Keywords: LED green light; goslings; growth performance; incubation; high density; intestinal development; feather quality;
feather pecking behavior
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