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Abstract: The purpose of the study on photoautotrophic rooting of sugarcane microshoots was to simplify the process of
sugarcane tissue culture and reduce the production cost. In this experiment, the sugarcane variety GT 44 and B9 rootless
microshoots, were used as test materials. The microshoots were first treated with leaves and sprayed with plant growth
regulator and then hardened for 24 hours. Then the treated microshoots were transplanted into mixture of soil and sand,
the adventitious root formation and growth process were completed under sunlight greenhouse conditions. Meanwhile, the
survival rate and growth of rootless and rooted microshoots were compared during transplanting in the green house. The
rooting rate of microshoots was measured from the third day after microshoots transplantation to the end of the tenth
day. The investigation of survival rate was on the 30th day after microshoots transplantation. The results showed that the
survival rate of rootless microshoots treated with indole butyric acid (IBA) and ABT2 rooting powder was to 96.3% and
97.7% , respectively, which was close to the survival rate of traditional rooting microshoots. The rooting cost of micro-
shoots by the developed root technique was only 1/28 of that by the traditional rooting method. The first visible roots of
sugarcane variety GT44 and B9 were appeared on the fourth day after transplanting of the microshoots. The regeneration
of microshoot roots could be done in the sandy soil substrate and solar greenhouse instead of rooting in sterile MS rooting
medium and culture room. The genotype and the quality of microshoots were the factors that affect photosynthetic auto-
trophic root of the key factors. The photoautorophic rooting of microshoots present more advantages over the traditional
rooting technique such as simple operation, simplified protocol, the high rooting rate and survival rate, labor saving, en-
ergy saving and lower production costs and high efficiency, and it can replace the traditional root technology for commer-
cial production.

Key words: sugarcane microshoots, plant growth regulator, leaf introduction, soil-sand substrate, photoautotrophic rooting
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NAA %2 Z2 WA R, 150 b BRI 4R 56—
AR 8 IR AR 5 01 A8 1 I AR ) A K
PR (ABT2 S A MRy B0 IBA) A A= K5
e 3 B b B 5 v 2R FH X £ 8 RN AA) S v (2015)
far kb (2015) $ik 3 B9 & Rl R J7 6 1 H O
WERRT 24 h S BEPEERELIARZA
Tl 8RR IE B 60% ~70% , I FEJa Ll
20~40°C FOEGHRGREEVEF R 2 000~4 000 Ix , 4k
A B AT K TE RS R R I T
BT 10 min, BN 500 £ (v/v) =& [ JE1E
IR D) 2 )7 ] M B 0.6% 1Y 1 A R A i
W A T B s w1~ 2 W B S R
BRI T H G IR 3 M, AR 85 5L o oy B T v
TR RIS RS 1 1(v/v),
AR AR PR S R R AR A AN 32 N TR AR
FEVEE A 70% ~100% , & FE {5 R 20 ~ 40 °C Al
S FEGR FE 5 Bl 2 000 ~ 15 000 1x, LLECSTHE R 3,
1.1 FEERERIAE

i A SRR B AR FE Ge A RIS B R =
F A R L e 5 i FH U 1 O R SRR BY
BB 2 A AL B4R ABT 2 5 AR AR R
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B W W it 4 AR T AR A T R A R Y R
R BE B A BRI 21 U ] oA i (2015) ] Sy
(2015) L FIEE AR Tk, HOGRZE BN 24 hy Xt
WO A= M A8 i, AR A A8 1 e A AR B R 56 S +
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Table 1  Comparison between survival of sugarcane cultivar B9 microshoots achieved with photoautotrophic
rooting and conventional rooting technique after transplanting for 20 d in the greenhouse
FHy A VA A TP
JLBL] N &y K FrifELR 2 S
. - Survival rate
Treatment Average number of Average number Standard error of (%)
investigation holes of survival average value ¢

WEiE ABT 253 AL 52.0 0.585 96.3"
Rootless microshoots sprayed with ABT No.2 solution
WEjt IBA + 6-BA 25 JCHUR A Y 52.8 0.913 97.7"
Rootless microshoots sprayed with mixed solution of IBA and 6-BA
AARILETE 53.8 0.380 99.6"

Rooted microshoots

I RN E FRURZERARE (P>0.05), ARVNEFRMUERZESF B (P<0.05),

Note: The same small letters represent no statistically significant difference (P>0.05) , different small letters represent statistically significant differ-

ences (P<0.05).

GT49 1 Je B nT ULHR B i e RS 3R 5 56 9 K, A AR
R 20% 5 FLENHS 20 KAMRA K] 100% , K
GT44 B9 Fl GT49 A=A RS ASTR], (H M b5 70t
HHHAERIE R R R RIS B 22 5
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Fig. 1 Changes of rooting percentage after transplanting

in soil-sand mixture of the greenhouse
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Fig. 2 Simplification of conventional sugarcane tissue culture protocol from 4-step protocol to 3-step

protocol with adoption of photoautotrophic rooting technique
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Fig. 3 Comparison between the conventional rooting protocol and the photoautotrophic rooting protocol
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Table 2  Collected data for cost comparison test between photoautotrophic rooting and

conventional rooting culture protocol of sugarcane microshoots

SEREAAE PR

oy S PEaTES e TR TR AR
AR DT IR A *ET Ejﬁ? Xiﬁf%&% Survival ﬁ((?u *éj?@ﬁ{% Quantity of Quantity of
Rooting technique Tested quantity & t'tb u vl‘f? rate ual ! )’10t survival plants  survival plants
quantity quantity ( %> survival plants per l’)()[[le per h()le
in average in average
gt 99 511 503 98.0 2122 21.0 4.0
Traditional rooting
et ASRER 120 459 428 93.0 1799 15.0 4.0

Photoautotrophic rooting

%2007 ; EFWFE,2017) , Al 138 00 49 iR
BN EAR 1 B A AR 2850 5 o Ul AE A 220048 i
72% BRI T 96.119% A5 MR 1 75% .,
B H S WL & B R R A sl il
AEREER 100% , SMIEA K Z (40 IBA) Ab 38R i
IR TAA A9 FL 2 (Gonacalves et al, 2008 ; [k 1% Ht
25 2011) 11 B e BE TAA 28 S A E R & E
K B K [ & (Gaspar et al, 1992; De Klerk,
2002; Hou et al, 2010) ., A% (2006) A K 7E
AER KA SR, SR NAA (4R H T fE il
SUNL GRS LI BN & i g Ak LA N1 8 88| )
AV R 1 AN E MR & A a1k, FEHRE
WAEROLA B IR AR T, i 7 Wit ABT2 54
R Ak B LU AS 58 it 1 X BRSBTS ot BRE — b AT
AR, HAR B i 2 i A~ 25 R a2 R B, A1 IR
ARKFAHRE WM RS, WA R koK 4k
Ay S i P RS X ez i, T RS S N
TAEMRE KA kB R, A B iR
A ORISR, R OE A EHME BN
AR Z DRI 1E 7 Ja , i L X sk A A T
RE & BN IR A K R AR KL &9, A T BE i sh
FRAEFE , PR IR A K S 5 12 - o i Ak

De Klerk (2002 ) $z 18 37 F ol 48 8 fCHT 4 AN
W& & E o B = A By B oy e By B
(0~24 h) PGB (24~96 h) F5r4LFr BE (96 h
J& ) FES AL Y BOR TR T 1 1 R 28 ik 3% 1, 7
WS UIBL 120 h 5, iR 203 AR HUA B B, AR 58

MR B Z 2 5 d LUJR o ASRIAE ) il b g B A 2
AR EWRE &L BT EBREAREZESMN,
Schwambach et al (2008 ) ¥ ¥ ¥ # ( Eucalyptus glob-
ulusxmaidennii ) MR 4 A AR 43 Sy = A B Be, ik
PIF 0~5 d FMiESHB,5~15 d MR IEETE B
BUFN 15~45 d AMRJFERAR K B BL, AR AR
B, GT44 F1 BY 25 — L AR H BLI [A] 2 8% 4% )5 5 4
RECHAEIEHE 5 K, MR EIK 100% H B E]EF5
H 9 d i, BT IR AR ) AR DRSO — MR
EMERA R WA )G ; 51 4M R R A E R &
Ak BB A—EE I GT49 & —HL M H B Ay i}
[ 2 AL F S 265 10 K, AE M 323K 100% (14 1) [a] i B
LB E 5 21 K,

De Klerk (2002 ) B 5% 25 S % B AL 5 T B AR i
BV BT XA B4 AR 2R AR HE 1 T AR 5 2
R B, A K R IMHIAE R TR IRHE 5 (2002) )
T R 57 25 R 3 B, AR L 19 U B RO 1 B Bt
A R A OB AR A A A A )
AT ATER A AN AE K R RTS8 8, H it
WG E %A AR A R it A R AR K R R sh A
EMRMNKRERTE , WE A ER LT R, b
TR AR 2R ) 25500 A 2 320 T L AR T O, T K R
L5 g A AR R T AR AR S AT — R TR A
AR ZEN R IR E R R AR L A A
A R, H RS BOLS A R AR E AR —Fb
WA AN EM L AR TR AERITE,

2 REHRENEEREELEBFERNITM

HRERE ROLAE A SRR AR A 5
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Table 3 Unit cost comparison between the conventional rooting protocol and

the photoautotrophic rooting of sugarcane microshoots

R AA
AT BAAE T H (70) ik
Rooting technique Item of cost Per plantlet cost Remark
(Yuan)
A BRI A 0.005 1 SN2 % (2013) FH5ELS
RGN Medium cost Reference to Liu et al (2013) calculation results
Traditional rooting ( TR)
L) A 0.020 4 SHERNLIIRAF(2013) A4S
Electricity cost Reference to Liu et al (2013) calculation results
NTHA 0.028 1 SHRNLLRAF (2013) AR
Labor cost Reference to Liu et al (2013) calculation results
IF15E =4 IH 0.027 5 BRI T 5E B 4T IH AR 0.05 T3 (BRiZ2 5845,2010) , it
Depreciation of fixed asset AR AR SRR I 5 S IR Y 35% ~ 75% (1R PR1ESE,2002)
The depreciation cost of fixed assets per plantlet is 0.05 yuan ( Qiu et
al, 2010). The cost of rooting process of test tube plantlets accounts for
35%~-75% of the total cost (Xu et al, 2002)
A1t Total 0.081 1
B e 5L 0.000 4 730 g, W7D 95 76 « m™ W VP LU EAF A7 7 1.92 t, B /AFIE T K
Yeh BRIk Cultivation substrate BABR(E2)
Photoautotrophic 30 g per hole, river sand 95 yuan - m™, river sand 1.92 tons - m™, the
rooting (PR) number of surviving seedlings per hole was 4 plants ( Table 2)
27 1A 0.002 1 ABT2 S/ FH 4 200 mg - L, 435 23 06, AJRME 7 mL, 4
Chemical reagent AETE BT 15 R (£ 2)
ABT2 rooting powder dosage of 200 mg + L™, 23 yuan per g, spray bot-
tle 7 mL solution per bottle. Each bottle survived 15 test tube seedlings
(Table 2)
AL A 0.000 07 N T3F 15 d, 8K 80 It , 4 51 20 ASEIT, BEH T 2545 408 4~ 9 fLx
Labor cost 6 FLFE 45, 3£8 160 MFil 4, 3511440 640FMHAL , /77T 1 A
4 BR(%2)
The rooting process lasts for 15 d and one worker could manage daily irri-
gation for 20 greenhouses on the salary basis of 80 Yuan per day. One
greenhouse could hold 408 planting basin (9 holes X 6 holes) and 20
greenhouses could hold 8 160 planting basins totally and 440 660 plants
at a ratio of 4 survival plants per hole (Table 2)
IKIHFE 0.000 20 15 d #8k 314 mL, KB 2.6 0 - m?  BE7AEE HECRE 4 bR (3 2)
Water consumption One plant needs 314 mL water totally during 15 d on the basis of water
price of 2.6 Yuan per cubic meter. The cost calculation is based on 4 sur-
vival plants per hole (Table 2)
I 2 9 =4 1H 0.000 08 WM N EEITK 15 00, FrIH R4 10%, 5 FARFE T K 1.5
Depreciation of fixed asset IC, —E AR B 15 K, I Sy 43 5F J5 2K 0.061 7J6, BN 4 Bk
(F2), W EHIF 88 128%% - 116 m?,760 £ « m”
The greenhouse cost is 15 yuan per square meter and its depreciation cost
per square meter is 0.061 7 Yuan on the basis of annual depreciation ratio
of 10%. One greenhouse with size of 116 m” could raise 88 128 plants pro-
portioned to 760 plants per square meter on the calculation basis of four
£t 0.002 85 survival plants per hole (Table 2)
Total
FEGAARR S0 A H IR AR SRR B AR L (F%) 28.0

The cost ratio per plant by TR and PR ( times)

FRAE ARG IR A SR AR B R, R R AR PR BIPRE  E O' I 5 R R R 90 Bl B s Ol IR
BN R A F IR E R S R, AR R E IR e, H R S A IR AR AR AR P
i FEIR OERGR A E SO IR N TS I AR RIR S, WS | RV R
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Table 4 Comparison between the properties of photoautotrophic rooting technique and conventional rooting technique

HRIER

Technical property

HEEERDLE A IR REAR

Photoautotrophic rooting technique

PG i H REIRE 1 A AR AR

Conventional rooting technique

A PERAR I Jed HIR 557
AR Rooting type Photoautotrophic Heterotrophic
Microshoot " . o
rooting A A7 R B, FOLIR % HRERY), TR
Place for rooting Sunlight greenhouse and simple construction Sterile culture room, container and instruments in
complicated building
IS W 70% ~100% , 3L 9 20~ 40 C, AR REEN 70% ~80% , I 25~30 C, LA 1
Environmental index 243 000~ 15 000 Ix, A 1, 2 H SR ¥ 5% 000 Ix, G , 584 N T4z ]
for rooting Relative humidity from 70% to 100% , temperature  Relative humidity from 70% to 80%, temperature
from 20 °C to 40 °C , sunlight intensity from 3 000  from 25 °C to 30 °C, light intensity at about 1 000
to 15000 Ix at day time, nonsterile and semi- Ix in the culture room, sterile and artificially-con-
open environments trolled environment
Pl AL (BT i 5
Photosynthesis Strong Weak
L) A R W A RIBIEIFA
AT Leaf introduction through spraying Microshoot base introduction through immersion
Plant regulator
introduction type
TR AR 2 I WA IR B AR AT H B L HRA (10 1 TR MS 3 REE+ R R+ REAE
Rooting culture medium  v/v) Sterile MS culture medium supplemented with
Mixture of fresh sand and fresh soil or fully- auxin and sucrose
oxidized farm soil at volume ratio of 1 to 1
AR i A R A S, BLEORE, A3 AR BRI C R
Rooting protocol Easy and nonsterile manipulation in sunlight green- 54
house Complicated and clean and sterile manipulation re-
quired for all steps in closed environment
BRI I7 30 1 TH AR fik ]
Consumption of energy and labor Low High
HREUE T R R A O W ERR SR, AL = AN B B aA B Be

Sugarcane tissue culture
protocol simplification

The new protocol is simplified into 3-step protocol

4-step protocol

ENER R ]

Sugarcane tissue culture cycle duration

ik 10 A/ BEHFH)
Shortened by about 10 d/reproductive cycle

WA 4

No shortage

AR SR i G % 2 25 1)

Culture room use for rooting

B 1 R AL AR A

Cost of per microshoot

i 7%

Survival rate (%)

AN i R A 2 0], N iR AT N A AR 57
TEANKEAN [ E B BB A 00T, o o A 7
7 BE I B AR B T LTI n

Culture room is not needed and rooting culture does
not compete with shoot subculture for tissue culture
facilities and human resources so that the
production  capacity expanded in
geometric progression of reproduction coefficient
without additional investment in building

T 1 BRR AL 7 A N A GE A AR T v 1) 1728
The rate of unit cost per plant of rooting culture to
that of traditional culture method is 1/28

>96

could be

i R SR 2 28 AT N AR AR B SR
Culture room is needed and rooting
competes with shoot subculture for tissue culture
facilities and human resources

culture

>99

YR Ak B 30 FE IR sk = 3, A A R
JRAAE 1 A REHRT A5 b 380 100 A2 A7 T R S8 A E
MRB KA o A, H R AR v D A A Rk

BE 4~6 cm , A AR H: A0 T FR
S I R o R I T AR R /N R G L BT Sk i b
8 N i}

A PR

i M R AT, 53 SME R ZE AR
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AT AR B AR KA S P RN R AR K R PR IR T
M, R I A 2 B 25 R A BER ZS 27 5 P A
S AN [R)HRE A AU AR R RO A R
fIE I R A /INVRITRE B ) A B AR AR RRAE 22 591 K, 3
PEUA—F, FEAFGHALE R A A FRAER
FRAE 22 59 K, T b A AR Y 44 5 R B9 R IR &)
AR R 32 S RTEERE 49 53RN Ty R AR A
B 48 SR MEA M, IR (2002) fiRiE A
[FIAF ) AN R) B PR A AN (] 40 Ak B X6 AN 28 AR
A REAJGEMRRZ W, I B Z )4k e AR
FEAL R RS ZEFFRDI A AR IR R A
AR R AR IE, Thomas (2000) Hzif |, 7 45 fifi R
I A5 A I T B U R AR A B AR 1Y R AR K
B,/ RS SRR S SR R A B A E R IR
FUAR o 2 | 25 A K 55 R 2R R 0 A T Al R I Y
MR, AR & AR ARG o, 76 H R
HOLA AFEMRKE U W 5 2 KR £
(25 5 A AR, A AR 3R R A 16 R, R 2 WU
W, AR FAE TG R ARAK, T ¥ 55 (2007 ) B
S AN E AR 0 rp B 2R O
e, HAE RO 25 >0.15 em B A AR KA 3]
81.6% , VI FAk LM 6 45, F IR KA E] 5 em,

33 NBERAEMERXEEAGEFERNTIT

3.3.1 kB HERHETOLE AFRAEMRSE SO
WO AR T SRR AR T, O BE 5 5 — 4 il 762 000 ~
15 000 Ix, + 11 55 ' BRI BT 5 6 RO R 13048 i
IEHARK, SRR RIE TR T 5, ok R g
5 000 ~8 000 Ix, I H DL 6 M &, R EoR
Tk R0 DU i T 0 R SR S R A B O T 4 IR G
(], 8 BH P 55 R A, AS 3 0 2 DU PR IR IR =
A B9 BRI DG . MR 25 (1998 ) I 55 0t S 45
SIS X VI A6 A 2 4 55w O A AR A A A AR
T AR R R A R O B, HUR R R B R Y
HEWNZER, HELETLE AR AR R
AN R FRAKSES AFERYTR, B
[P0 B AR Y P A 5 A K i B 25 0 RN T B AE R Ak
LB FUHT 28 10 A K 3 S8 AT 55 1Y) 58 BT T 2
SR A VR F 2% 10 10 Bl 3% 4 AR 58 B, T Sl A
(2014) P B IAE Py i R R FIAR 5 )5 3l a2
T AR RS, R e R 2 E R E

BARFEMANTAE FAERKREFMR, Lt 5
KHEARMEERN A —H RIS 5 AR
fL R R EAER A RO S R =
FEARJT , NSRS SR BRI O AP Y 1 i 25, D348
AT REAENG . M v B i B IR = 5 0
ARG S kA — R I, LIS I A A5 4%
13X e A A 4 I JRE R 2 W 0 R 4 i 53
Ak A 2H 2RI 47 2 20 RFL B B N L RALIE
R 8 % A% 1 M [ JE %% ( Chandra et al, 2010)
Rodriguez et al(2003) #i8 T H R i MG 55 %
S 2 YAk 9T R AR B AR AR A S R KRB G
VEFRAR bR AE B AR T 2= )5 B 4 B 57 0 0 U 31 0E 3,
WA E B R AE = N 35 3R Y 0,51 pwmol
CO, - m™ « s HEMB YL 14 KAY 3.54 wmol
CO, - m™ - 7 A 1 1% 25 1 o 0] p =5 P 3%
FERFH 0.97 mol H,O » m™ - s FEACE YIILEE 14
K 0.66 mol H,0 - m? - s, SALIIBEIEH I, %
B2 KA R B 5 O HLN O HUEE PR A% 0 R
KOAE R RS LI AR, By A
LR SRR T S A b R 2 SR FH 8 A i
FRAEAR T AEAR SRR SO 55O IR OB IR E <
2 000 Ix) \MS $5 % BN 57 43 Fl A < PR 58 % 11
WENE 2 B E EDOLEE S Mt R E
W, WRMHYIRENERE RS CLRGRE .
1 000~80 000 Ix, I £ 300 ~2 000 nm) J5 i % B
B RICR R R B i e A0 i 3l 3 6 T 2
SRR SR RE , 5 i AR A IR RE T, R
2SR T SE O B SR AR, B E A P
REHOCE A FR AR AR N T EAAL G 557 4E
HRECAR R AE AR T | FRAR A 77 BUAS  $2 i 80%
3.3.2 @ REEZWEEERE LG ARE
R i T S (W R B DR 3R 22— | ool AR AR R Dy
28 ~30 C, FHIRAT 20 CHE, 55— BLAR
(R ) A IS B RS RS 15 d, HAETE R T e, J
5y 2L G A 2 5 SR RS n UL R RO R
e ] R Y oy e e O W
A= MR R R T Bl — AR 21~ 30 °C, 3SR ORI
B R A MR IR S 28 °C, T 23 C Fl 21 °C 4=
HR R 3 (2255 ,2003)
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3.3.3 B WEXNHEREIOLSE AFRAERE
A B, H R AT DL R ORI, A A
Gy WK BT 5 18 B A i s IR i 2k 0 0 A 5 SO
HYIRIE T, BRI AT I 5%, PR L, — i i =08 4
Hl7E 70% ~ 100% , I £ HEPH TR /NFL3E KU <
H ARG 5 d W5t - B T 7 V4 o AL T & AR R
EGE Ty AN IR T HERE A% 4 B BE IR K
Ty En; , Bk G BUK T 80 WA T, fE I R
TBE,

HIERE WL A B 75 8 R AR 38 5 v A ms
it e AN R, B S NIRAE R E AR ERKE
3 3 AR P A A A I S A VR
BARKRZREE S REGANERM L E, AR
BT 5 56 A0 43 24 R R 1) T i A A
TE R L PR R R A R AR R R R A T O
G AFAERYCHEE R, HEEE s ARE
HREEA AL el A8 v 1 95 3 A iR AR A 24
PO HBRAER B R Ak A AR SRR B R
BT A BRI WA AR RICR BRI
RALGE RS B AEARF AR, B F R e A 7=,
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