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Effects of transplanting period and method of fertilization on the growth,
yield and quality of Zingiber mioga

ZHALI Caijiao, QIU Liang, CHENG Yujing, WANG Xiaoqiu, GE Lijiao, LIU Shuidong, SONG Yimin
(Jiangsu Yanjiang Institute of Agricultural Sciences, Nantong 226012, Jiangsu, China)

Abstract: This study used Rudong green Zingiber mioga as the test material to investigate the effects of transplanting peri-
od and fertilization method on its growth, yield and quality. Two transplanting period were set for the experiment: January
16th(T1), February 16th(T2). Six fertilization treatments: Chemical fertilizer reduced by 20%+3 000 kg - hm™ bio-organ-
ic fertilizer(F1), chemical fertilizer reduced by 20%+4500 kg -hm™ bio-organic fertilizer(F2), chemical fertilizer reduced
by 20%+6000 kg - hm™ bio-organic fertilizer (F3), chemical fertilizer reduced by 30%+3000 kg - hm™bio-organic fertilizer
(F4), chemical fertilizer reduced by 30%+4500 kg - hm™ bio-organic fertilizer (F5), chemical fertilizer reduced by 30%+
6000 kg - hm bio-organic fertilizer (F6) were set up, with no fertilization (CK) and conventional fertilization (CF) as the
controls. The results showed that both F2 and F3 treatments could promote the growth, yield and quality of Zingiber mio-
ga to a certain extent under the transplanting period T1 and T2. The increased production rate of F2 and F3 treatments
were 9.53%, 6.56% and 14.28%, 9.80%, respectively. Compared to CF, under transplanting period T1, the total soluble
sugar content increased by 12.99% and 11.35%, the crude protein content increased by 5.04% and 0.95%, while the
coarse fiber content decreased by 19.27% and 16.48%, respectively. Under transplanting period T2, the total soluble sugar
content increased by 12.53% and 6.39%, the total phenol content increased by 24.55% and 19.74%, the crude protein con-
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tent increased by 14.69% and 14.19%, while the coarse fiber content decreased by 16.70% and 16.43%, respectively, and

the differences were significant. Under the same fertilization treatment, transplanting period T1 treatment was more bene-

ficial to the growth, yield formation and quality improvement of Zingiber mioga. Under both transplanting periods, the

economic benefits of F2 and F3 treatments were superior to those of CF treatment. Compared with CF, the increase rates

of F2 and F3 treatments were 10.26%, 15.45%, and 6.26%, 9.63%, respectively. By analyzing 12 indicators through mem-

bership functions, TIF2 was determined as the optimal treatment combination. In summary, under the conditions of this

experiment, the combination of 20% reduction in chemical fertilizer and the application of 4500 kg - hm™ bio-organic fertil-

izer during the T1 planting period is an effective way to achieve high quality and high yield of Zingiber mioga.

Key words: Zingiber mioga; Transplanting period; Bio-organic fertilizer; Yield; Quality
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Table 1 Type and amount of fertilization in different

treatments (kg-hm™)
Treatment Urea  K.SO. fertilizer ~ manure manure
CK 0.0 0.0 0 0 0
CF 3424 5625 750 0 15 000
F1 2739 450.0 600 3000 0
F2 2739 450.0 600 4500 0
F3 2739 450.0 600 6000 0
F4 239.7  393.8 525 3000 0
F5 239.7 3938 525 4500 0
F6 239.7 3938 525 6000 0
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Fig. 1 Plant height of Zingiber mioga under different transplanting period and method of fertilization
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Table 2 Effects of transplanting period and method of fertilization on agronomic traits of Zingiber mioga

SE I AL T X ST AR AR HL AR PR AR TR et TERIREAE E-viil
Transplanting ~ Method of Number of buds per ~ Single bud Single bud Bud longitudinal Bud transverse ~ Stem
period fertilization unit area/(No.-m?)  mass/g dry mass/g length/cm diameter/cm diameter/cm
T1 CK 46.51 ¢ 1236 g 052¢g 6.99 f 1.83h 153 g
CF 55.69b 17.14d 0.69 cd 7.84 ¢ 244 ¢ 1.95d
Fl1 50.18 d 17.63 ¢ 0.71¢ 7.60 d 227e 1.78 ef
F2 56.92 ab 18.45a 0.79 a 8.33a 2.88a 2.17a
F3 58.14 a 17.89b 0.74 b 8.11b 2.73b 2.09b
F4 5141 cd 15.14 f 0.58 f 725¢ 202g 1.73 f
F5 52.62¢ 16.85¢ 0.64 ¢ 7.50d 2.14f 1.81e
F6 56.32b 1692 ¢ 0.68d 782 ¢ 2.36d 2.02¢
T2 CK 4041 ¢ 11.68 f 049 ¢ 6.69 ¢ 1.78 f 1.46 f
CF 50.79b 15.14 ¢ 0.62 be 7.39b 225¢ 1.89b
F1 48.96 cd 14.89d 0.59 de 7.15cd 2.16d 1.71d
F2 5323 a 16.82 a 0.70 a 7.80 a 2.68a 2.02a
F3 50.79b 16.34b 0.64 b 7.68 a 2.52b 1.98a
F4 4773 d 1426 ¢ 0.55f 6.99 d 2.07e 1.65¢e
F5 48.35d 14.83d 0.58 ¢ 7.02d 2.13 de 1.74d
Fo 50.19 be 1521¢ 0.61 cd 7.29 be 224c¢ 1.83¢

T - F A 5 AN F) NS PR ROR E s AN R AR ()4 0.05 KV ZREFH. £ 5.

Note: Different lowercase letters after the same column indicate significant difference between different treatments in the same transplant-

ing period at 0.05 level. The same as table 5.

F2 I F3 $&0] DLTE— e A2 B 3 0 8 47 67 i AR A e
B RN B IR AR TR RN
B A 2O, B AR & B R
AR ZEM 3 3% = T CF Ab P,

FHZ% 3 Al 0, AN A S Al AL FE T, 38 a7 10 B AT
HARE R BN EE R 2 e IE TER R
BANER T R 2R IUN T1>T2, HAR 2
)22 0 . EAEIY T1 B 3& & 2 A AE AR 10 42 KR

FRE Y R e A DX 3 A RS [ AR R K B
TEHL PR AER AR B ANME T R B A 2 A
EER 2T E S - APPORIRaR e R RTE S ARy ) L)
O BT AR A AL B BN TR T R AR R A
B AR AR SR 2O Y B R B Y
Wi 5 5 A 9355 it A 2 5 LA X Bz T AR A E A
B TER PR AEE B BN T R
FATHR 25 53200, 0 22 A 35 R, e e

*3 EEAMEEAREENEG~EMREZNZEERAN FRE

Table 3  F test of the interaction of transplanting period and method of fertilization on agronomic traits of Zingiber mioga

SE T3] AL FTE AL

TiH

AR B AR

e AAEET R 20

Type Transplanting Number of buds per  Single bud Bud longitudinal Bud transverse Single bud dry ~ Stem
yp period unit area/(No.-m”)  mass/g ength/cm diameter/cm mass/g diameter/cm
“FH){E Average T1 5347 a 16.55a 7.68 a 233 a 0.67 a 1.89 a
T2 48.81b 14.90 b 7.25b 2.23b 0.60 b 1.79b
Source of variation
Transplanting period (T)
Method of fertilization (F)
TXF k3k k3k ns ks ksk *

T RO RS IE S 0.05.0.01 53 7K ns FORBUM AN o [FISEHE 5 AN F/NG RO AR E R A B RIZE 0.05 FKF

ZERE. L4,

Note: * and ** represent the variable effect reaching 0.05 and 0.01 significant levels, and ns represents no significant effect. Different lowercase

letters after data in the same column indicate significant difference between different treatments at 0.05 level. The same as table 4.
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Fig. 2 Effects of transplanting period and method of fertilization on nutritional quality of Zingiber mioga
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Table 4 F test of the interaction of transplanting period and method of fertilization on nutritional quality of Zingiber mioga

TH SETE wCRT VB wCEED) wCHEFD wCH T4
Type Tra.nsplanting Total soluble s»ugar Total phenols » Crude protein » Coarse fibre
period content/(mg-g™) content/(mg-g™) content/(mg-g™) content/%
“FYJME Average T1 184.65a 10.43 a 154.13 a 12.89b
T2 176.87 b 9.84b 149.18 b 14.08 a
A% 5 KR Source of variation
7€ 16 #] Transplanting period(T) * ns ns b
JiAE 5 2 Method of fertilization (F) o o i o
TxF sk sk sk ns

R, 0 27 4 B i R A AR 3 ), ) e
FRH AR S BT s s it AR T OO0 2 A AR
(PRI R B Sy B R AT 4 S E I R A
. 3 2R 5 5 R 5 e AR 2 A8 B A X
R AEE SR A HEASTEYAEARE
E S AT R e P R E S AR
24 TREIEEATHEREREEDBHIEE
T FE EME AN

H% 5 A %0, fEE R T1 A0 T2 °F , Jit B 4% Ak
B E T AT CK. ZEEEITI T, 5
CF AH L, F2 H F3 40 BB 7= 9.53% 1 6.56% : 7F &
M T2 7,5 CF ML, F2 A F3 23 53757 14.28%

x5 HWEREEREEDEIENERG~2
Gl S e A
Table 5 Effects of reducing chemical fertilizer and
applying bio-organic fertilizer on the yield of
Zingiber mioga and fertilizer contribution rate

WA TR

Increased  Fertilizer

E 3] i) [V i

Transplanting Method of  Yield/ . o
production  contribution

period fertilization (kg-hm?) rate/% rate/%

T1 CK 5603.40d
CF 8938.05b 37.31
F1 8449.50 b -5.47 33.68
F2 9789.45a 9.53 42.76
F3 9524.55a 6.56 41.17
F4 744435¢ -16.71 24.73
F5 8410.65b -5.90 33.38
F6 8792.40 b -1.63 36.27

T2 CK 473445 ¢
CF 7465.80 ¢ 36.58
F1 6851.85d -8.22 30.90
F2 8531.70 a 14.28 4451
F3 8197.35b 9.80 42.24
F4 6691.80d -10.37 29.25
F5 6720.90 d -9.98 29.56
F6 7268.70 ¢ -2.64 34.87

F19.80% ; 7F E AW T1 AE A T2 AbFE R, %% i
JIE A2b 38 £ IR} BT ik 22 35 R WA F2> F3>CF>F6>F1>
F5>F4; F2 F1 F3 Ab 3 1) Bk} 51 ik 26 35 = 15 20 it
BB CF. 5t B 7E P9 b s b A0 HE R, 1R AR 2 20%
55 4500 kg- hm™ A1 6000 kg - hm? £ HLAC KD fti 1)
REfE— &R FARUEE &, HALEE 20% 5
4500 kg - hm™ 2E4) HLAETC it 1 3 7= 28 80 R
R T H AR R A

H13R 6 RTAN, 76 A [F] it AE A 21 T 3 fr 1 77 4H
JERHEN A AP R AR R 2 5, Il &
24 nf RS b IR T 0 b S A AR AR T
THHEMMAET . 5 CF ML, /£ T1
™, F2 AF3 43 55 38 Yk 26 178.25 JC + hm™ Al
15 981.25 Jthm™, B3 14 10.26%F1 6.26%; 7
SEFEIA T2 R, F2 F1F3 3 380 32 613.25 J6+hm?
120 332.75 JG « hm?, 38 U 3 43 5l N 15.45% F
9.63% . 1L P EE A EE T, AR & 20% 5
4500 kg - hm™ F1 6000 kg - hm 4= #7145 L AT AL fti 4k
PR IR 22 0% 280 ok 35 v T A Ak B, EL A I
20% 55 4500 kg - hm™ 2E 4 A ML AE IC Jith 1) 28 5% 28 26
R
25 ARIEEATHRREREEDEHENE
K R REMNEES TN 2

CEA SRR R EGE X ARG 1 12 TR AR AT
GETVHY . AR 7 AL TEWI A E AR T, &
Jit JIEL Ak R VP AN R H 8 R T ANt IR AL B CK; [A] —
Ji AEALFE R, ERE ) T1 ARE PR R AR T E A
W T2 AbFE. EERE TL AT T2 N, F2 1 F3 AbFE
PR RECD KT8 B AL CF b3 . 256K FE ,
TIF2 4b B~ 3 S8 B f e, N 0.97, ik iy
TIF3, KPR JE E N 091, H & % 4b B K IR
4 T2F2 > TICF = T1F6 > T2F3 > T1F1 > T1F5 >
T2F6 > T2CF > T2F1 > T1F4 >T2F5>T2F4>T1CK>
T2CK.
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Table 6 Effects of reducing chemical fertilizer and applying bio-organic fertilizer on economic benefit of Zingiber mioga
(Yuan-hm?®)

HE P2 AR Production costs

A it A 2k A

E:ﬁstflantf iflﬁfgz)j:iigf JRE Tk gaIE i#@ﬁﬂgﬁ %ﬁﬁ*ﬂﬂﬁ 1El;i:l%utput Iiifrizmﬁfc Added Value_
ing period  fertilization (ljkre; Ig:éi%fﬁ Compound il;)m;)rregamc 2;%112? value benefits lcompared with
; fertilizer e o ocal control
fertilizer fertilizer
T1 CK 0 0 0 0 0 168 102.0 168 102.00
CF 856.00 3375.0 2700 0 6000 268 141.5 255210.50
F1 684.75 2700.0 2160 4500 0 253 485.0 243 440.25 -11770.25
F2 684.75 2700.0 2160 6750 0 293 683.5 281 388.75 26 178.25
F3 684.75 2700.0 2160 9000 0 285 736.5 271 191.75 15 981.25
F4 599.25 2362.8 1890 4500 0 223330.5 213 978.45 -41232.05
F5 599.25 2362.8 1890 6750 0 252319.5 240 717.45 -14 493.05
F6 599.25 2362.8 1890 9000 0 263 772.0 249 919.95 -5290.55
T2 CK 0 0 0 0 0 142 033.5 142 033.50
CF 856.00 3375.0 2700 0 6000 223 974.0 211 043.00
F1 684.75 2700.0 2160 4500 0 205 555.5 195 510.75 -15532.25
F2 684.75 2700.0 2160 6750 0 255951.0 243 656.25 32613.25
F3 684.75 2700.0 2160 9000 0 245 920.5 23137575 20332.75
F4 599.25 2362.8 1890 4500 0 200 754.0 191 401.95 -19 641.05
F5 599.25 2362.8 1890 6750 0 201 627.0 190 024.95 -21018.05
F6 599.25 2362.8 1890 9000 0 218 061.0 204 208.95 -6 834.05

T B R LA T IR BOE A A% 30 T kg AFRAETTH A E, JRE DL 2.5 Tookg ' BRERHT LA 6 JCkg' BRERHIE AL L 3.6 JG-kg' M 15
HHUAELL 0.4 JG-kg' AEDBEHLAELL 1.5 Jt-kg' i 5

Note: The output value of Zingiber mioga calculated based on the market purchase price of 30 Yuan- kg™ in the current year. Urea is calculated
at 2.5 Yuan- kg, K.SO; fertilizer is calculated at 6 Yuan-kg", Compound fertilizer is calculated at 3.6 Yuan- kg™, Organic manure fertilizer is calculat-

ed at 0.4 Yuan-kg' and bio-organic manure fertilizer is calculated at 1.5 Yuan-kg™.

®7 WEREEREMNBEVENESE KK RREFRZENESITN
Table 7 Comprehensive evaluation of the effects of reduced chemical fertilizer and bio-organic fertilizer on the growth
and quality of Zingiber mioga

X AR 2SN ¥ TN X TR R\ I 6 ATEVER P
N N N e 3l A 7 4 = =N oy 4 ”i
RN I el LM W B PR g .  mMam S RS AR TR
Transplant- Method of ~ Number 9 Bud Bud Dry o MR R Total ST 27 ¢
. - Mass of . Stem Plant . Total Crude Coarse Average
ing fertiliza- of buds . longi- tran- mass . . . Yield soluble - Rank
. . . single b . diameter height phenols protein fibre ~ membe-
period tion per unit tudinal sverse  of single sugar .
bud . content content content rship
area length diameter bud content
Tl CK 0.34 0.10 0.18 0.05 0.10 0.10 0.01 0.17 0.24 0.04  0.00 0.30 0.14 14
CF 0.86 0.81 0.70  0.60 0.67 0.69 0.84 0.83 0.70 0.62  0.79 0.50 0.72 4
F1 0.55 0.88 0.55 045 0.73 0.45 0.82 0.73 0.85 0.44  0.83 0.67 0.66 6
F2 0.93 1.00 1.00  1.00 1.00 1.00 1.00  1.00 1.00 0.77  1.00 1.00 0.97 1
F3 1.00 0.92 0.87 0.86 0.83 0.89 0.85 095 0.96 1.00  0.83 0.93 0.91 2
F4 0.62 0.51 034 022 0.30 0.38 0.61 0.54 0.52 021 0.27 0.64 0.43 11
F5 0.69 0.76 049 0.33 0.50 0.49 0.81 0.73 0.58 038  0.39 0.70 0.57 7
Fo 0.90 0.77 0.69 0.53 0.63 0.79 0.88 0.80 0.83 042 049 0.85 0.72 4
T2 CK 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00  0.08 0.00 0.01 15
CF 0.59 0.51 043 043 0.43 0.61 0.75 0.54 0.67 025 0.28 0.30 0.48 9
F1 0.48 0.47 028 0.35 0.33 0.35 0.62 042 0.66 026  0.63 0.39 0.44 10
F2 0.72 0.76 0.68 0.82 0.70 0.79 086 0.75 0.96 077  0.82 0.77 0.78
F3 0.59 0.69 0.60  0.67 0.50 0.73 0.80 0.69 0.82 0.67  0.80 0.76 0.69 5
F4 0.41 0.38 0.18  0.26 0.20 0.27 0.57 039 0.52 021 023 0.36 0.33 13
F5 0.45 0.47 020 032 0.30 0.39 0.61 039 0.58 028  0.28 0.59 0.41 12
F6 0.55 0.52 037 042 0.40 0.52 0.67 0.50 0.70 039 047 0.66 0.51 8
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FIH 2, 2 38 mAE D) 5 i 77 A RO 7 e,
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UK B 5 38 A Bl R B e A RN i 0 2
HIRITEZF oAk, 5 30 B FRARAT 5 BT T Y. AR HF
FLEREY EERY T A T2 T, AR E 20%
5 AW WL BCHt I, 38 17 7 B Bl A A2 YDA ML it
FH & 38 i LI 3 J5 BRI & % . 5% A
HEAH L, A AER R 20%5 4500 kg-hm®.6000 kg-hm
VA NUERCHESA REAE — e A EIRm IERIRI 2
AT &, HAUIEE 20%5 4500 kg - hm™ 4E
VDA WL T e BT 1 8 7 Ak R A A s A IR 30%
L5 2R W) WL T it A 34 11 BEURL 1) FH 6 R £ -
PR T Bt A A B, L AERLA F 26 A 3 af 1= B2 43
b A= W6 HUIE i & g nm sgom . X 5 i s
E AN NS B NG S UIE S oSS b
¥ b AW ESEAZE LT RSGR—8. XE
B H T AYANIEESEF & PR A E A B
Yy 2 M s o E AT I I R AR UAE )
B BB DA R v K i AR A EE B
JEARE, e A bl B2 A B RERR SR AN B LR L A
W S BR A FEAE Y B TR I & R R 4, SRR
B AR R L S5 P 12 2 AL A X 5% 4 R W SR
R 32 = AR 2, 38 e P = &0 fAE
I 5 s B AE YA AR B , G Bh T2 a3 38 far X
BT S TR O ROORR R A A B3 IE , T 2 AT
A2 E S AR G Bl B R SR, o 3 g 1 R B g
fih o SR, A0 IE BN J5 5 B 5 A2 08 B TG it = 1)
B GRS S BT A,

AT ERE BBy S R E AT BT
A B i E B bR . AT IR K, 78
SEFEH T1 A1 T2 F LA = 20% 5 4500 kg hm?
F1 6000 kg - hm™ A= 47 ML AL BC it 4 353 1) o] 3 4
By LR B A TR R A A, R
RS BB E KT R A AL . 1 B R i
F A 5 3 & 14 A 08 WL IE G it B A5 ) T 28 fip 46
A ) BT 3R T, X5 4 s AE O N B3 BB R
SECTE G SR b | A YT PR il 1 b XX 2
PRI EATT A e S H R R T A 3

FEA ML B AALERE 7T b, AMCELRIUE JERL 7
Sy R R, R R O AR RN e K
i (11T o AR A B B AR AT RS AR S, (G

Pl T = 50 [ 1 Tl e[| T L e S
ik 2GS o B, R AR T AT T2 R, Ak IR 8 =
20% 5 4500 kg - hm? #1 6000 kg - hm™ 4= 44 HL L AL
Jit A B P 22835 28 a 48] v TR R IR AL B CF, B %
SEMRAGE R PR T, FoAd 25 AL BRI o T3 i 8
M DA 38 0 () AR 3 30 7 2 5 i B CF A1 ke
Ko ZRERIBRE T AEEHIA T1 A T2 T, LJIE
I8 20%5 4500 kg-hm? F1 6000 kg - hm™ A4 4 HL
JERCH ) B B m R E R . g8 Bar s, e
PR R AR A DI it R R O R A R S B B A
2205 A o () W [F) 9 v, A it G AR R LR A
3-SR P B A e 1A [ B, S 5 e AR A
PETH RIS 5 Yk 02

7 B A ) W e A A 5 A IE B AR AEC . AT
FAE R R, 8 M AT L B A H Al 2
PRI R BORF W . FEAE E M B IR , 38 faf 7~
BN A A AR R N
B AR AERRE AR RN R T T R A 2R
b et IR I R PR s . AT AL A AT
T SONE B AU S 2 R I A R &
AR 274 2 50 200 BT . RITARRE %1
N E R T1 SO A 3 ey MR AR R 3 ey A
B MBEKTER. X555 EEE R R
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(096 BB, AR A5 1 itk o6k 1 9 far o B 1) B AL A, 1R
FEAT (R MR K 2

AL SO AR S Ak 3 %o 98y A1 e Mt B 1A IR
HAEREZW, el T1 A3 EH R T Ak
K= Em GRS TE . SR B A UF R M 38 iR
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HURE &b 2R 25 R o £, 7T 6 35 e 0 3 for AR G, it 7
SATBT 2 S R v v U T R ROE AR

S35 3Rk
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