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Analysis of nutritional components of rice leaves and its application
in the development of an artificial diet for Crnaphalocrocis medinalis
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Abstract The rice leaf folder, Cnaphaolcrosis medinalis Guenée, is an important migratory rice pest in the main rice-
growing areas of China. However, it is a very difficult species to successfully rear in the lab, which is a major hindrance
to research on its biology, ecology and the development of control strategies this species. We analyzed and compared
nutritional components of the leaves of susceptible and resistant varieties of rice at different growing stages. The key
nutritional factors that influence the development, survival and fecundity of C. medinalis were found and appropriate

proportions of each nutritional ingredient in an artificial diet calculated. The results provide a scientific basis for the

development of an artificial diet for C. medinalis.
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1 ARAEFHER. BAkERMHEREEZSSMEE (mg/100 g)
Table 1 Comparison of vitamin contents in rice leaves between susceptible and resistant varieties
at different growing stages (mg/100 g)
e , Sr ST TR
N ,
KA e 3% Tilling and elongation stage Maturing stage
Types Vitamin
L9~ YY9 TOHE 15 NI mito 5 YY9 TOH 15 NI
0.096 £0.001 a 0.076 £0.002 b  0.072 £0.002 a 0.070 £0.003 a
Water-soluble Thiamine
vitamin B E(V,,)
0.111 £0.007 b 0.158 £0.001 a 0.154 +0.001 b 0.183 £0.001 a
Riboflavin
HEHER (Vi)
0.086 +£0.002 b 0.211 £0.003 a 0.147 £0.001 b 0.231 £0.002 a
Pyridoxine
MR (V,,)
1.060 £0.010 b 1.579£0.000 a 1.794 £0.018 a 1.301 £0.008 b
Niacin
ZIR (V)
0.300 £0.002 a 0.221 £0.004 b  0.446 £0.014 a 0.443 £0.009 a
Pantothenic acid
R (Vi) (15.180 £0.250) (23.775£0.605) (14.110+0.310) (15.125 £0.735)
Folic acid x107 b x10" a x107" a x107" a
YEEFR (Vi) (0.110 £0.002) (0.129 £0.003) (0.234 +0.001) (0.119 £0.001)
Cyanocobalamin x107% b x1077 a x107% a x107% b
BAEYWE (V) (4.450 £0.030) (5.065 +0.225) (8.050 +0.140 ) (7.585 +0.005)
Dissociative biotin x107° x107° x1077 a x107°
SPR MR (V)
5.875+0.105 b 23.945+1.185a 38.320+1.020 a 43.280 +£0.900 a
Ascorbic acid
B
7.545£0.105b 26.220+1.180 a 41.085 +1.005 a 45.745 +0.865 a
Total quantities
i s P A A 3R B-H1% MK (V,)

Fat-soluble B-Carotene

LR E (V)
Tocopherol

vitamin

58 s

10.163 £0.262 b

1.082 +£0.053 b

11.245 +0.315 b

17.240 +£0.500 a

3.796 £0.146 a

21.035 +0.645 a

4.887 £0.213 a

8.670 £0.139 b

13.557 +0.074 b

5.097 £0.178 a

18.195 +0.825 a

23.295 +0.649 a

Total quantities

R EUE B O B £ AR iR Rl — 1T
(t-test,P < 0.05), FFIH,

Data are shown as mean = SE,

FRA B B R/ 5 B R R T R 28 o 365 7E 0. 05 K F- 22 53 B 3%

and followed by different letters in the same row are significantly different between the susceptible

and resistant varieties at different growing stages,respectively ( Student’s i-test,P < 0.05). The same below.

2.1.5 koI5 AFAHE EARMESENLLEK

TE 53 BESRTT S RN S 0], WA 9 5 KA i
T K S R R T TR 1S DML 2T 2 K
DEENREFMRTTHEL S (P <0.05), fEHEHK

ﬁi?ﬂ/ﬂ;ﬁ,%ﬁt9%7J<*§“1‘H‘EPE‘J$EIF%/‘\EE%TEE
Tl 15 HE s & AP R 2 (R 2% 5 R
F(P > 0.05) (% 5), ANREEF MK
i v LGOS S S AT 1.6 ¢/100 g i,
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F2REE B BRSO o RS B OB (/100 g)
Table 2  Comparison of fatty acid in rice leaves between susceptible and resistant varieties at different
growing stages (g/100 g)
‘ SrBEHTH) KA
T U . . o
Tilling and elongation stage Maturing stage
Fatty acid
M9 5 YY9 THE 15 NJI 95 YY9 THE 1% NJI
JF 2 Linoleic acid 0.089 +0.003 a 0.051 £0.003 b 0.065 +0.004 a 0.046 +0.003 b
- BEZ a-linolenic acid 0.330 £0.018 a 0.254 £0.011 a 0.256 £0.011 a 0.131 £0.006 b
Jii i Total quantities 0.419 £0.021 a 0.304 £0.013 b 0.320 £0.013 a 0.177 £0.008 b
AR Oleic acid 0.011 £0.001 a 0.010 £0.000 a 0.015+0.001 a 0.017 £0.001 a
M 2 Palmitic acid 0.122 +0.007 a 0.088 +0.005 a 0.056 +0.002 a 0.062 +0.001 a
fifi Jg fi# Stearic acid 0.015 +£0.001 a 0.013 £0.001 a 0.009 £0.000 a 0.010 £0.002 a
Ji i Total quantities 0.147 £0.008 a 0.110 £0.005 a 0.080 £0.003 a 0.089 £0.003 a
®3 FAEAEFHDBEKERAMHEPEINERENEE (mg/100 g)

Table 3 Comparison of inorganic salts in rice leaves between susceptible and resistant varieties

at different growing stages (mg/100 g)

JHLER

Inorganic salt

gs Sy

Tilling and elongation stage

IR LB

Maturing stage

9= YY9 TORE 15 NJL b9 = YY9 TH 15 NI

K 472.166 £9.496 a 229.001 £1.515 b 297.154 £8.201 a 186.220 £0.798 b
#] Na 31.652 +0.476 a 13.229 +0.400 b 14.066 +0.030 b 19.197 £0.514 a
45 Ca 190.281 £3.056 b 239.617 £0.925 a 157.945 £5.686 a 158.155 £5.231 a
B Mg 91.914 +3.026 b 205.287 £3.771 a 108.282 +1.756 a 80.976 £0.311 b
#l Cu 2.680 £0.040 a 2.270 £0.040 b 1.425 +0.045 a 1.500 =£0.000 a
£ Fe 4.091 +0.072 a 3.908 +0.083 a 4.797 +0.214 a 4.654 +0.140 a
£ Mn 17.310 £0.292 b 52.184 +1.776 a 5.798 £0.250 b 8.879 £0.393 a
B Zn 13.065 +0.275 a 9.940 £0.480 b 10.335 +0.105 a 10.270 £0.120 a
i P 78.750 £0.150 b 86.550 £0.050 a 66.400 +0.300 a 0.020 £0.000 b
SSii

823.158 £16.011 a 755.406 £7.140 a 599.802 £15.773 a 469.849 +£7.245 b

Total quantities

2.2 MEBASHEATAMN, EMERES
MAEER

e 2R A A R e B A R O R AL AU B
WA IBTH) Bl 0 B, AR N G ik R, A6 2 B ) it
o B ROKEE RIS TR PR . K P 4E
A B ALEE B RYEAE B TR I AR | UL A AR AR 5 5

PR PELEE RIS B-1% bR LR D, Mgek:
RE S R AT BT EOK R G Rl R 4 2R
REEIF B A R — & 0 A E, B Rh 4 2R R
0 S A X R O\ A I IR R 2R kB R B
B B, 5 B PR UE 4k A= 3R R T DR
AIEEB . fEARWF 5T i R B — R B
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Table 4 Comparison of amino acids in rice leaves between susceptible and resistant varieties at different
growing stages (g/100 g)
\ o Sy AR L
LES AL Tilling and elongation stage Maturing stage
Categories Amino acid

o5 YY9 TORE 15 NJI A9 = YY9 TORE 15 NJI
DA =897 &R Thr .165£0.005 b 0.250 £0.010 a 0.165 +£0.005 a 0.165 +0.005 a
Essential SRR Val .185+£0.005 b 0.295+0.015a 0.190 £0.000 a 0.190 £0.010 a
amino acid HER Met .055£0.005a 0.090£0.020 a 0.060 £0.010 a 0.070 £0.000 a
SR HE R e .140 £0.010 a  0.210 £0.020 a  0.130 £0.000 a 0.130 £0.000 a
e R Leu .330£0.020 b 0.505+0.035a 0.325+0.005 a 0.335+0.015 a
KA E R Phe .195+£0.015a 0.300+0.030 a 0.175 +0.005 a 0.185 +0.015 a
# {2 Lys .235+£0.025a 0.355+0.045a 0.230+0.010 a 0.235 +0.025 a
@& R Trp .010 £0.000 b 0.050 £0.000 a  0.020 £0.000 b 0.030 £0.000 a

B
.315+£0.095a  2.045+0.175a 1.290 £0.030 a 1.325 £0.065 a
Total quantities
B DA 4R FL TR KA H R Asp .370 £0.010 b 0.515+0.025 a 0.350 £0.000 a 0.365 +0.015 a
Non-essential 22 AR Ser .160 £0.000 a 0.230 £0.000 a 0.180 £0.000 a 0.180 £0.020 a
amino acid HHEFR Glu .425£0.025b  0.655+0.035a 0.460 £0.010 a 0.480 +0.020 a
H4&® Gly .200 £0.010 b 0.310 £0.020 a  0.200 £0.000 a 0.205 £0.005 a
A& R Ala .245£0.015b  0.390+0.030 a 0.280 £0.000 a 0.265 +0.005 a
& & /g Tyr .135£0.015a 0.195+0.015a 0.140 £0.010 a 0.145 +0.005 a
AR His .085+£0.005a 0.120+0.010 a 0.080 +£0.000 a 0.075 £0.005 a
AR Arg .215£0.005b 0.320+0.010 a 0.215+0.005 a 0.220 £0.010 a
& Pro .145£0.015b  0.230+0.000 a 0.145+0.025 a 0.135 +0.015 a
B a2 Cys .060 £0.000 b 0.070 £0.000 a  0.090 £0.000 a 0.090 £0.000 a
JeNy

.040 £0.050 b 3.035+0.115a 2.130+0.050 a 2.165 +£0.045 a

x5 TRLEBEHR.BRERMEFRAkS RS HAEREARSENLLE (/100 g)

Table 5 Comparison of water,ash,coarse fiber and protein in rice leaves between susceptible and resistant

varieties at different growing stages (g/100 g)

Yy i /3 BESR 51 Tilling and elongation stage I R A Maturing stage
Substance A9 5 YY9 THE 15 NJI M9 5 YY9 THE 15 NJ1
K4 Water 76.565 £0.875 a 65.715+0.025 b 61.570 +0.300 a 58.840 +0.180 b
JK4Y Ash 3.700 =0.000 b 3.765 £0.005 a 2.835+0.015 a 2.955+0.045 a

F T 4k Coarse fiber
i Protein

KiJE Sugar

5.835+0.075 b
5.056 £0.134 a

<1.

6

9.330 £0.190 a
6.260 £0.284 a

<1.

6

12.655 +0.135 a
3.944 £0.017 a

<1.6

11.965 +0.105 a
4.358 £0.056 a

<1.6
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SRR b S A KER B-I R MR RN
TEAYTBEPCT WK RGO b, B 0 i I i 1
HRBAERKAEFHEVAHALHHIRMER (Ve) 1 &
o SEER KRN R S ERE g E RS
B-tH® NZE, HUCH PR M AR 44 R E RS,
R R R B, AR & EEEFIRK .,
ERZHC A N T B T, %A -
B NER, AR E MRS, X TREEFEIE AN
TR ) R O T R R A . B,
AP N T AR B b 20008 i B-H 2 N 2R BN
fAEREEGWHERE TSN E ST EN R
0.02% ~0.05% (/K E) A1 0.01% ~0.015%
(BBWPE) (R 6) o T HORSHE S A & 1y )
A ST I AR K I K A i A rb IR R RD WL B Y
o R A NS, B ERE N ERE S YR
J7 N 3 - A TR R R UL

JIg W« N3 2 FTRT, A8 S 43 BE SR T B30 J
RN, B 9 % 0 R AR R RE R v
PR AN -3 JRR R 1Y) 75 1 3 d 3R T AL A A TR 1
5 AELYH R AR R B U R A A R A B IR AE PR
FhEI B A AT 2 22 5% o B AR R A6 48 T
RBLBIT ] B, 06 200 5 00 0 30 R RN I RR R, — i LAAE
Wik ) 77 2O BN TR b A AR R R
IR0 0.30% ~0.45% (£ 6) .

ToHLER oML 7F R UM A= BT 3l Fn 4l 2 4
AR AR E AT O AR N A R, 22
MEY AR B 1 A B 58 AT A, A8 A A4S i B 0
AR SR B g, LUK B L BE RN B, X A RNk R
B SR BB/ s B R T AL ER B9 /E R 2 R R, H
BRI E AN TIRE R B, o T ERIER
B IEFAK BT MR, AR & NBEAE A
THREHRHEMYEVHRRE AT EEN
0.50% ~0.90% (£ 6) .

BTN AR & P B
TR =2 Y B, 2 B R AT AR T B 0 W
fill 2z —; WA BT iA W] 5 2R SR P 4 A R ok
A Ay — ol LB i) 5 o R R IR o AR SE Y
MEss KA, REEBEIEEK KT KT
AR EARE SRR S5 1% , HoAlh SOk o 4 GE
1A A I IR TR R B A A s i)
H4.0% ~6.0% , 5ARMFMFF(F6), TR
HONE Y B O BT, O R ST AR R TR

F4 T 3 il B /N 43 1 1) S 3 1R, W A T AR D 4
I A A A IS S T B A R . BT LA T
YF, B HOG AR T Y T R SRR
HRAE 2 4 0 5 25 5%, mT R I o ke iy 18 Fi 4 3
PR AEPL BT A T A AR A HORE G R G I
AR I 1 7K R i oo 00 2 R TR 1Y S
1.315 g/100 g fof & , 4 06201 4 £ 8 2 K 2. 040
g/100 g ff &, 1 5 By AE B il N T 4R R, 22 5
T HY R 38 A TR AR I AR AR 0, AR R rh R
1) 26 14 0 JRURL S T I 2N RE Ry, H At i T R
MAEH EZHEHhbsaEENEAR, B4
S B, o Xof i o 5 B R EL AT B K A, O B Lk A
Hhrb R SRR AN R 38 R AN N D 0
MREAY, P 2L ERRE AW T AU
FRPBEARBAG ALK KB WK AP B
BRI E 4y & 3.21% & il AR w & 0, A B
IR b G R Bl = A IO N s AR P i
NS INEIL TR AW, U Nt AR B R
AREAE(TEE B R8RS W& &
K

HALH 5y 2 5 AT, A EBERCIT I L 9 5
5 K i B e, BT o EE 24 76. 6% AR ISR 1 42
5, RIS N TR & K B B #E 70. 0%
~80.0% Z M (K 6), N FKERHZ DIE T
T Ak B S B O, L S e RS RO Y A, an 2R
TR 2 K A T 68% , — i B R ) e DL BCE .
N AR b 2 2 3R 3 02 R R A 4 B IR
N EE N B BT IS Ak, (ELRE 3G Jn e ek i) AH R 45 44
ol LR 3 2ok R RO AR A ST R Bl E R VR
KK ARG B LT 4E & R 5.8 /100 g fif i (%
5). B, B IREHE N Tk b a4 2 5 & &
ZR5.0% ~8.0% (F6), BRA[UE—F 2
M RETE A B, 76 N T4 R b e o 2 R S —Fh
B IBoR . fEARBESE T, BT R AR SR AR R
PR, (SO I 3] 4 Al oK R v o BB A R < 1. 6%
HRAE 2L 1 22 50, £ DURS N  it iE A TAmDRk Hh
PR 1.0% ~2.0% (£ 6) . FiHRHE
H ARG 08 A TR RS 5 4140 19 e 38 AR F
GEEE R B N TR 5 7 T 28 56 25 A 4%
BT, 5 N T ek 52 s T o st D ) 8 9 4 4% K
HUESEEER(FEKO6),
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Table 6 Appropriate percentages of various nutritional ingredients in artificial diet of Cnaphalocrocis medinalis

FRAS G

Percentage of main

TR 52 s TC A1 PR T 25 20

Common components in

WHE SR

# 3% .4y Nutritional ingredients Percentage of common

ingredients (% ) artificial diet components ( % )

#EE IR Y A 3R 0.02 -0.05 B it Y A= & 0.02 -0.05
Vitamins Water-soluble vitamins Vitamin B
iR e e 0.010 -0.015 B-tHE NE HfEEKE, 0.01 -0.02

JUL 852 11 JEL ik 452

B-carotene, Vitamin E,

Fatty-soluble vitamins

myoinositol and

Choline etc.

e SN T 0.030 - 0.065
Total quantity
ik 1 12 AN A AN 197 R 0.30-0.45 LER S 0.20 -0.30
Fatty acids Unsaturated fatty acids Rice oil
ARG TR + iR 0.12-0.15
Saturated fatty acids plus
oleic acid
i 1 R 0.40 -0.60
Total quantity
JHLER 0.50 -0.90 IR 0.50 -0.60
Inorganic salt Wesson’ s salt
R Wh I TR 1.30 - 1.60 M T + DR E ) 2.0-4.0
Amino acids Essential amino acids Leaf factors + a small amount of
amino acid compounds
AR AR LR 2.10 -2.40
Non-essential amino acids
LR 3.30 -4.00
Total quantity
TRER R R 5
[ i Protein 4.0-6.0 Casein, yeast powder and 6.0-12.0
wheat germ powder ete.
2 Sugar 1.0-2.0 NG 1.0-3.0
Sucrose, glucose
HLET 4t 5.0-8.0 YR 4.0-6.0
Coarse fiber Fiber powder
K
JK 4> Water 70.0 -80.0 70.0 -75.0
Water
oAy I3 o BElg ky 20-3.0
Other materials Agar powder ’ ’
i
b ) 0.2-0.3

Preservatives
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3 it

ABIE ST 2o B 8] A= T oK R R
MR R TR IR TR EHLER MR R A
BT HLEF4E 2SRy FUK o 22 5, W T
TR il B N I AR R ORI AR B BT T YOG
BEE RN T, IR SR T O IR N AR DR Ry
o936 R, Ay i B AF ) e A s I I N T ) R 85
TR iR R R R E — B
PRl B4R it 7RI AR, % AF 5T AT Bk — 2D HE Sh A
DA IR AW RS M BT R ER IS,
SR A R ) 5 R AR T ROR S

R A BIF 5 00 7 45 2R e 28 & e N T A RHF A
T TH 2R, 5 T R N AR &R SR
JI3 B R B, A S K P 4 A 3R G ) A )
B 29 0.02% ~0.05% , g ¥ P 4 E R
B-THE MR MYEER E BT i LL By 0.01% ~
0. 015% 3 ANTR 0 g 197 2 SI7. il 1 0 S 6K 2 1) L 451) 24
9 0.30% ~0.45% ; TeHLER Fir o L1 292 0. 50%
~0.90% ;B A AR 4. 0% ~6.0% , {46
b HE BT R TG VR AR B M s B R B oK
OIS A I AL IR S5 W 5 W28 HLET 4 R K 7
TP BT R GBS LA S 1..0% ~2.0%
5.0% ~8.0% f170.0% ~80.0% (£ 6), ¥ixE
FR M BC I 5 E A 5 AN N T EEHAE T, R
Z 80 oy BE R M AT, A S0 AR 22 B R,
Parasuraman Fil Kareem (1998) #Z & A9\ 5 A T.
TEEL T R R RE R (AR BT IR A (4
4.81% ) KA % 1R & i (0. 0321% ) KA 5 AHF5¢
ARAF , (H BT IR il 52 F0 58046 BB 25 5 (0. 74% )
C G ST A ST o I ARDRHIEC T RE R 2 1% 4 B SR
ZACHE, =T 2 W LUR 2h dURE S A R B AR
RAHGE A E A GE 6 N TR 5 4R 4
HEACE SR, RO TR TR &
Y& = ( Khan, 1987 ; Furuta et al. ,1998 ; Ohmura
et al. ,2000;Tsuda et al. ,2005) , fF L) JG 4 Xt 3% %k
PE AT —— 0k, BN R (2007) 38 /T
TARHIC T5 0 < 1 B R AR By 5 B 5. 98 % (KE Sk
H2.1% JKIEVEAEE RN 0.2% JREMHELEA R
H0.01% ((HFE B-W1 % b F) A WA R A
0. 1% JoHLEh K 0.3% . B T5 i 7K ¥ P 4
o a U E T ARG S E G L AN AR AR D
PR AT ALER & RS AR T AN A E R BE, 1 ~3

U (R AU 4 i 2 T R A TS R KT 50% L, 3
% 5 1 HRY A7 6 2R 0 S 5 AR KR O BE
e PRI A (0] W B UE o 3 = 0 s L O S|
I, T A R Bk . A 44 48 (2007 ) T G D5 v
EARH Y 6.2% PUIR MR & 50 0.62% (5
T AW IE FE e Y ) I BE 7 B i 5 &) i A R
LR 26% ~36% , & 35 3] 1 H 80 . X BE 4
(2009 ) 125 1 B 45 (2011) 2R FHAH [R] 4 A6 e 77 F 5%
TR PR TE R R R B,
FHEE 7 v (o8 FC IR I R & 5w AR O AL e
FUENEII (5% SNy I I N O 1 73N oL - N i
NERMEEEIRE G Y, By ) 5% (10 &) A AR
A 23% ,MOZE T35 et . A IFFT R, el
b L Y 2H 245 by R AR B E hk 25 AR
1B s G 55 5 5 AS SR AR SRR (T A oS IR FE A
1979) , Jr LLZE #IA ko N TRk A a0 200 95 i JE AL
b R TCALER & 0 5 I OE AN 2 5 e &)y R G
() B B o AN TR B U TR T &y Hhe b L R
RN P Ak 28 O H A, W ARDR e = A1 R R
TR 2 &y TC 2% Ak L HRL 1 3P0 £ A e 85 2 27 3|
S (7 A 7S MR FE BT, 19795 F SEAE 45, 1984 )
DALt G IC v A, 0 20 B A AN TR R T U R
B AR I S Ly . BOARAWF AR I T RO E
S E IR R T T2 B B R A ek S R T 4%
BRSNS R (E6), E T XA S AR K
ATTH TIUHA R, A B 98 30 R A B S E, Xt 2 3R
11T — 2 BT 58 TAE

HTHETFIFHREWBANEEK LT AEE M
A ) SR IR T AR SE RO T B R A
KRG il T o BE AR 300 0 T R I ) 4B R
4o HFETHIAT ST ©UF S5 A8 O 78 4 BE IR T I 1Y
R AR O SRR B A RIS A AR bR
SR [ R i = 2 T T S o W
AR FEE RN TR R ER EZSEZm/ML I 5
3 BESR VU 00 0 o O, X AT fE A AT 0 E
I R A v B A% o R, AR BF 9% 45 SR A 15 38
o i — 25 1 B iR 3R R S B IE
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