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Abstract: To search the op tim um p lan ting techno logy of rice direct sow ing and its co rresponding p roduction m echan izat ion,

the con trast paddy2field experim en ts on direct sow ing of baby rice seedlings, the rice transp lan ting, and the rice

b roadcast ing w ere done in J ingertun village of L iaoyang. T he grow th characterist ics of the roo t length, amoun ts and the

heigh t of baby rice seedlings du ring the b reeding period w ere studied. It w as show ed that the operat ion of tra in ing seedling

had the restra ined effects on the increm en t speed of the roo t length and the heigh t of the baby rice, bu t it did no t affect the

increm en t of the amoun ts of the roo ts. Compared to the rou tine sow ing m ethods, the direct sow ing techno logy of baby rice

seedlings has the advan tages as fo llow s, grow ing qu ick ly in the period from M ay 20 to Ju ly 27, t illering and heading earlier

and the node of t iller low er. Bu t the m ethod had the sho rtcom ing of the low er effect ive t iller ra t io s because of heavy sow ing

densit ies. T he sp ike density of the baby rice sow ing w as 5387000 headöhm 2, the grain ripened of each sp ike w as 76. 8, and

the one thousand2grain2w eigh t w as 0. 0246 kg.
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1　 In troduction

　T he techno logy of rice d irect sow ing w as w idely

u sed in Eu rope, Am erica and som e o ther coun tries

becau se of the advan tages of low er co st, w ater saving,

and h igher opera t iona l eff iciency, etc. [ 1～ 4 ]. A sian

coun tries, especia lly Japan, had stud ied variou s rice

p lan t ing techno log ies w ith paper m u lch ing [ 5～ 9 ]. In

Ch ina, rice d irect sow ing had been tested in Shanghai,

J iangx i, J iangsu, etc. U p to 1998 the areas of baby

rice d irect sow ing in Shanghai reached 8200 hm 2,

accoun t ing fo r 64. 6% of the rice d irect sow ing [ 10 ]. In

J iangsu, D ai Q igen et a l. [ 11, 12 ] stud ied the eco2
physio log ica l characterist ics of the grow th,

developm en t and yield fo rm at ion of b roadcasted rice

seed lings. T he resu lts by Gu Zhanggen and W ang

Yuejun in Zhejiang P rovince show ed tha t the yield w as

h igher by direct seed ing than tha t by tran sp lan t ing [ 13 ].

In recen t years, the baby rice d irect sow ing

experim en ts w ere done in succession in Shenyang,

L iaoyang, Donggang of L iaon ing P rovince, N o rtheast

of Ch ina [ 14, 15 ]. It show ed tha t the rice p lan t ing m ethod

had the advan tages of h igher benefit, low er co st, etc.

Bu t the stud ies on the characterist ics of the seed lings
u sing the techno logy of the baby rice d irect sow ing

du ring their grow th w ere seldom repo rted, and the

p roducing techno log ies w ere no t canon ica l and w idely
accep ted, so the ou tpu t w as no t stab le, a t last it

rest ricted the ex tending and the u sing of the

techno logy.

2　M a ter ia ls and m ethods

　 T h ree trea tm en ts w ere u sed in the experim en ts.

T hey w ere baby rice seed ling direct sow ing, rou t ine

rice tran sp lan t ing and rice b roadcast ing. T he to ta l

a reas fo r baby rice d irect seed ling experim en ts w ere 20

hm 2, to study the op t im um cu lt iva t ing techno logy,

and becau se of the la rge area w ith the lack of
equ ipm en t and labo r, it w as d ivided in to five ba tches

w ith the area of 4 hm 2 fo r each batch. Excep t fo r the

characterist ic of the ou tpu t w h ich u sed the m ean value

of a ll ba tches, the experim en t da ta of second batch
w ere u sed as the resu lts of the baby rice seed ling

direct sow ing techno logy in th is paper. T he areas fo r

rou t ine tran sp lan t ing experim en ts w ere 1 hm 2, and the
areas fo r b roadcast ing w ere 1 hm 2. T he experim en ts

w ere conducted in L iaoyang J ingertun in 2002. Baby

rice seed ling direct sow ing u sed laser2con tro lled land2
leveling m ach ine to level the paddy field, the standard
devia t ion of the paddy field w as no m o re than 2～ 3

cm. Cum u la ted percen tage of the m easu red spo ts,
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w h ich heigh t d ifference w as no m o re than 2 cm to the
average value, w as m o re than 80% [ 1, 2 ]. T he o ther

t rea tm en ts u sed rou t ine ro ta ry cu lt iva to r to cu lt iva te

and level the paddy field.

　To ob ta in the characterist ics of baby rice seed lings

in the b reed ing period, such as the heigh t of the

seed lings and so on, 30 seed ling sam p les w ere taken

from every batch a t one t im e by the m ethod of
acciden ta l sam p ling. To ob ta in the characterist ics of

baby rice seed lings in the grow th cou rse such as the

am oun t of the leaves and so on, in every batch 50

seed ling sam p les w ere taken from 5 po in ts (each po in t
10 seed lings) by the m ethod of d iagonal sam p ling. To

test the characterist ic of the rice in au tum n, such as

the den sity of the head, 5 m 2 sam p les w ere taken from
5 po in ts w ith the area of 1 m 2 fo r every po in ts by the

m ethod of d iagonal sam p ling. Excep t fo r specia l

exp la in, a ll the va lues u sed w ere average values of the

sam p les.

2. 1　Paddy f ield irr iga ting before sowing
　U n like the rou t ine tran sp lan t ing tha t needs 12～ 24

h irriga t ing befo re tran sp lan t ing rice seed lings in to the

paddy field, the baby rice seed lings d irect sow ing
techno logy needs on ly 10 h befo re sow ing. T he

irriga ted paddy fields fo r the sow ing techno logy allow

the heigh t of m ud in som ew here expo sed above the

w ater level no m o re than 1 cm w h ile the dep th of the
w ater in som ew here w as no m o re than 2 cm. T he

pu rpo se of tha t dem and w as to let the su rface w ater

perm eate in to the earth sooner, and let the baby rice
seed lings com b ine w ith the so il as soon as po ssib le. It

w as to m ake the seed lings d ist ribu t ing un ifo rm ly so

tha t the baby seed lings d idn’t f low w ith the su rface

w ater under the act ion of the w ind.

2. 2　Baby r ice seedl ing breed ing
　T he first step w as to select the variety of the rice. It

ab ides by the ru les to select the rice of 150～ 155 days

grow ing period, w ith the characterist ics of m o re
t iller, h igher ou tpu t and w ith stand ing the lodge and

the illness. Con sidering the clim ate, the variety

N o. 931 of L iao jing w as u sed. T he one thou sand2
gra in2w eigh t of the rice seeds w as 0. 02415 kg and the
germ ina t ing ra te w as 91. 825%.

　T he second step w as to dry the seed under the sun

and then to select the p lum p rice by u sing w ater. Pu t

the seed on the p last ic f ilm sp read ing on the ground.

A fter 2～ 5 hou rs under the sun ligh t, rem ove the

im pu rit ies by u sing w ater and leave the p lum p rice

seed.

　T he th ird step w as to d ip the rice by m edicine. Pu t

the selected p lum p seeds in to a con ta iner, w h ich w as

filled w ith the m edicine of a m ix tu re of th iran and

m eta laxgy o r T rich lo ro isocyanu ric acid, and dipped
fo r 4～ 5 days. T he one thou sand2gra in2w eigh t w as
0. 03055 kg after it w as d ipped.

　T he fou rth step w as to accelera te germ ina t ion of the

seeds. Pu t the d ipped seeds in to ho t w ater (55℃) fo r
2～ 5 m inu tes, then take them ou t, sp read them on the

p last ic f ilm in the greenhou se, and then cover the

seeds w ith w et clo th o r kn it ted sack. To accelera te

germ ina t ion of the seeds needs the t im e of 48 hou rs,

irriga t ing w ater and tu rn ing them over 3～ 4 t im es each

day. It is to en su re the hum idity of the seeds to keep

the tem pera tu re of 25～ 35℃ by irriga t ing. T he
standard of germ ina t ion hasten ing w as tha t the seeds

w h ite sp rou ts leng th w as 1～ 2 mm , no t too long. T he

t im etab le of b reed ing baby rice seed lings w as show n in

tab le 1.

Table 1　Tim etable of breed ing baby r ice

Batches Sunning the seed D ipp ing the seed A ccelerating germ ination Envelop ing the seed Exercising the seedlings D irect sow ing

1 23rd, A p ril 2h 23rd, A p ril 11: 00 28th, A p ril 8: 00 30th, A p ril 7: 10 4th, M ay～ 7th, M ay 8th, M ay

2 25th, A p ril 2h 25th, A p ril 11: 00 30th, A p ril 9: 25 2nd, M ay 9: 00 6th, M ay～ 9th, M ay 10th, M ay

3 28th, A p ril 2h 28th, A p ril 10: 05 2nd, M ay 9: 30 4th, M ay 7: 20 8th, M ay～ 11th, M ay 12th, M ay

4 30th, A p ril 1. 5h 30th, A p ril 10: 25 4th, M ay 10: 30 6th, M ay 14: 10 10th, M ay～ 13th, M ay 14th, M ay

5 2nd, M ay 1h 2nd, M ay 9: 20 6th, M ay 7: 45 8th, M ay 13: 50 12th, M ay～ 15th, M ay 16th, M ay

　T he fif th step w as to envelop the sp rou ted seeds.

T he u sed m ateria ls w ere as fo llow s: sp rou ted seeds 10

kg, clay 2. 2 kg, f ine sand 2. 2 kg, p lan t and grass ash
0. 4 kg, the p lan t grow th ho rm one of P lan tpow er 2003

liquo r 13. 5 kg. M ix tho se m ateria ls equab ly to fo rm a

p ro tect ing layer over the sp rou ted seeds. Ex tend the

enveloped seeds on the p last ics in the greenhou se w ith
the th ickness of the seed abou t 5 cm , and then cover

them w ith kn it ted sack. T he t im e fo r b reed ing after

enveloped needs 7～ 8 days, irriga t ing and tu rn ing over

them 2～ 3 t im es every day. It is im po rtan t to keep the

hum idity of the seed and m ain ta in the tem pera tu re
am ong 24～ 30℃. If the t im e of envelop ing w as too

long, it w ou ld resu lt in the sp rou ts and the roo ts too

long to be b roken w hen they w ere sow ing. A s a resu lt

it w ou ld reduce the su rviva l ra t io of the baby rice
seed lings. O n the o ther hand, if the t im e w as too

sho rt, it w ou ld resu lt in the baby rice seed lings
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effem ina tness, and the baby rice seed lings cou ld no t
bear the low tem pera tu re in the paddy field, and it

w ou ld a lso reduce the su rviva l ra t io of the baby rice

seed lings. A t last it w ou ld affect the ou tpu t and the
quality of the rice.
　 T he last step w as to exercise the baby rice

seed lings. F rom the fou rth day of beginn ing of

envelop ing seeds, uncover the greenhou se shed from
10: 00 am to 13: 00 pm everyday. T he pu rpo se w as to

let the baby rice seed lings to adap t to the change of

the clim ate ou tside. T u rn over the seed lings often to

avo id the roo ts too long to be tangled together. T he
one thou sand2gra in2w eigh t of the baby seed lings

befo re sow ing w as abou t 0. 046 kg.

2. 3　Sowing in good tim e and su itable quan tity
　T he baby rice seed lings w ere sow ed in to the paddy

field w ith the den sity of 110 gra in söm 2, w h ich w ere

enveloped w ith 8 days, the sp rou ts leng th w ere 1. 2～
1. 5 cm , the roo t leng th w ere 1. 5～ 2. 0 cm. T he direct
sow ing m ach ine w as m anufactu red by A gricu ltu ra l

M echan iza t ion A cadem y of L iaon ing P rovince

im p roved from W FB 218 sp ray pow der m ach ine. T he

w o rk ing w id th w as 10 m eters and the w o rk ing
efficiency w as 2 hm 2ö2 person s. T he tran sp lan t ing and

b roadcast ing m ethods w ere u sed a t the sam e tim e of

M ay 8th, and the sam e rice seed lings tha t w ere b red on

A p ril 5th w ere u sed. T he tran sp lan t ing row w idth w as
30 cm w ith the h ill d istance of 20 cm and 3 seed lings

per h ill. T he b roadcast ing w as a k ind of random

th row ing sow ing m ethod w ith the average den sity of
seed ling dist ribu t ing of 37 h illöm 2 and 3 seed lingsöh ill.
2. 4　W a ter and fertil izer managem en t
　T he period from the baby rice seed ling sow ing to

the t illering w as the key t im e. T he irriga t ion shou ld
ab ide by the ru le of "w et2dry2w et" , "w et" m ean s the

w ater low er than the top of the seed lings, it u sua lly

w as 3 cm ; " dry" m ean s tha t the land su rface shou ld

no t crack, it shou ld en su re hum idity enough. In
genera l situa t ion s, it shou ld be irriga ted w ith in terva l

of 2～ 3 days. If the w eather is co ld, it m u st be

irriga ted to p ro tect the seed lings from fro stb ite, and
then be dra ined to sun the paddy field after the co ld

snap. Fert ilizer w as the sam e as rou t ine rice

tran sp lan t ing.

2. 5　W eed con troll ing
　T he key to baby rice seed ling direct sow ing w as to

con tro l the w eeds. It w as becau se w hen the baby rice

seed lings w ere sow ed in to the paddy field, they grew

at the sam e tim e w ith the w eeds, w h ile the life2fo rce
of the w eeds to con test the nu trien t and the sun sh ine

w as stronger than the seed lings. It app lied the chem i2

ca l techno logy of b roadcast ing b lock ing w eed m edicine
nam ed Ron star of 12% w hen irriga t ing the paddy field

befo re sow ing the rice. T he baby rice seed lings shou ld

be p lan ted after 10 hou rs. T hen th row herb icide w hen
the seed lings grew to the fou rth leafage.

3　Results and d iscuss ion

3. 1　Character ist ics of the baby r ice seedl ings in the
per iod of breed ing
　T he baby rice seed lings ab so rbed the nu trit ion and

the m o istu re rap id ly in the eigh t days from the

enveloped to the sow ed. It show ed tha t the roo ts and
sp rou ts grew rap id ly and the leaves cam e to green.

T he heigh ts of the seed lings, the leng th s and the

am oun ts of the roo ts a long w ith the t im e w ere as
show n in F ig. 1.

F ig. 1　Characterist ics of baby rice seedlings

in 8 days from the enveloped

　 It show ed tha t the rela t ion sh ip betw een roo t leng th
y 1 (mm ) and the b reed ing t im e x ( d ) in b reed ing

period w as:

y 1 = - 0. 643x 2 + 7. 1369x - 3. 2521
(x = 1, 2, 3, ⋯) (1)

　T he co rrela t ion coefficien t of the regression equat ion

w as R = 0. 9784 > (R 0. 01 = 0. 8343). T he roo t leng th
arrived a t the peak in the fif th day after the seed lings

enveloped, then began to sho rten becau se the h igher

con ta in ing m o istu re roo t sh rank w hen they m et the

sun sh ine and the dry co ld a tm o sphere.
　 T he rela t ion sh ip betw een the seed ling heigh t y 2

(mm ) and b reed ing t im e x (d) w as:

y 2 = - 0. 346x 2 - 4. 9864x - 4. 5121
(x = 1, 2, 3, ⋯) (2)

　T he co rrela t ion coefficien t of the regression equat ion

w as R = 0. 9423 > (R 0. 01 = 0. 8343). T he heigh t of the
seed lings increased slow ly w hen the exercising

seed lings cou rse began.

　T he rela t ion sh ip betw een the am oun t of the roo t
y 3 (mm ) and the b reed ing t im e x (mm ) w as as fo llow s:

y 3 = 0. 153x 2 - 0. 2851x + 0. 9696
(x = 1, 2, 3, ⋯) (3)
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　T he co rrela t ion coefficien t of the regression equat ion
w as R = 0. 9697 > (R 0. 01 = 0. 8343). It cou ld be seen

tha t the am oun ts of the roo ts w ere no t influenced by

the seed ling exercising cou rse.

3. 2　D evelopm en t character ist ics of the seedl ings in
growth course
　T he m easu red characterist ics of the seed lings such

as the am oun t of the leaves, the leng th and the w id th
of the la rgest leaf, and the heigh t of the stem am ong

the th ree d ifferen t sow ing m ethods from M ay 20 to

Ju ly 27 w ere listed in tab le 2. T he resu lts show ed tha t

the above m en t ioned characterist ics of the baby rice
seed lings w ere sm aller than tho se of the o ther p lan t ing

nethods in M ay 20. T ill Ju ly 27 the heigh t of the stem

of the baby rice seed lings w as h igher than tho se of the
o ther p lan t ing m ethods, the rest characterist ics w ere

st ill sm aller bu t the d ifferences w ere decreased

obviou sly.

　O n M ay 20, the am oun t of the leaves in baby rice
seed lings w as 3. 3, low er respect ively by 32. 65% and
17. 50% than tho se of the b roadcast ing and the

tran sp lan t ing. O n Ju ly 27, the am oun t of the leaves

increased to 11. 6, low er respect ively by 17. 73% and
14. 07% than tho se of the o ther tw o sow ing m ethods.

It show ed tha t the am oun t of the leaves increased

qu ick ly u sing the baby rice seed lings d irect sow ing
techno logy in th is period.

　O n M ay 20, the length of the la rgest leaf in baby

rice seed lings d irect sow ing w as 21. 6 mm , low er
respect ively by 70. 41% and 80. 15% than tho se of the

b roadcast ing and the tran sp lan t ing. T he w id th of the

la rgest leaf w as 3. 0 mm , low er by 23. 08%

respect ively than tho se of the o ther tw o m ethods. Bu t
on Ju ly 27, the leng th of the la rgest leaf increased to
384. 06 mm , low er respect ively by 10. 70% and
20. 00% than tho se of the o ther tw o m ethods. T he

w id th of the la rgest leaf increased to 15. 26 mm , low er
respect ively by 13. 14% and 15. 56% than tho se of the

o ther tw o m ethods. It show ed tha t the size of the leaf

increased qu ick ly u sing the baby rice seed lings d irect
sow ing techno logy in th is period.
　O n M ay 20, the heigh t of the stem in baby rice

seed lings d irect sow ing w as 30. 3 mm , low er respect i2
vely by 40. 48% and 60. 42% than tho se of the
b roadcast ing and the tran sp lan t ing. Bu t on Ju ly 27,

the leng th increased to 320. 2 mm , h igher respect ively

by 13. 14% and 8. 54% than tho se of the o ther tw o

m ethods. It show ed tha t the heigh t of the seed lings
stem grew qu ick ly in th is period.

Table 2　D evelopm en t character istics of the seedl ings in growth course

D ate

ömonth2day

Amount of the leavesöp iece·stem - 1

D irect
sow ing

B roadc2
asting

T rans2
p lan ting

L ength of the largest leafömm

D irect
sow ing

B roadc2
asting

T rans2
p lan ting

W idth of the largest leafömm

D irect
sow ing

B roadc2
asting

T rans2
p lan ting

H eigh t of the stem ömm

D irect
sow ing

B roadc2
asting

T rans2
p lan ting

05- 20 3. 3 4. 9 4. 0 21. 6 73. 0 108. 8 3. 0 3. 9 3. 9 30. 0 50. 4 75. 8

05- 21 3. 2 5. 0 5. 7 34. 8 80. 4 76. 6 3. 1 3. 8 5. 0 32. 6 60. 8 61. 0

05- 22 3. 7 5. 0 5. 0 22. 8 67. 6 149. 6 2. 8 3. 7 6. 2 29. 0 46. 8 93. 8

05- 23 4. 1 4. 7 5. 1 29. 6 88. 6 124. 0 2. 5 3. 6 4. 7 26. 0 52. 6 85. 4

05- 24 4. 1 5. 5 5. 0 37. 8 83. 6 129. 6 3. 2 3. 7 4. 5 39. 0 57. 6 100. 0

05- 25 4. 4 5. 6 4. 7 36. 6 76. 6 118. 6 2. 9 3. 7 5. 0 36. 0 53. 8 73. 6

06- 01 5. 9 6. 4 5. 9 73. 6 146. 2 186. 0 3. 8 5. 8 4. 3 65. 8 98. 0 133. 0

06- 08 6. 5 7. 7 6. 7 108. 0 140. 6 222. 6 5. 1 7. 0 6. 0 91. 2 94. 0 128. 2

06- 15 6. 8 8. 3 7. 4 167. 0 166. 0 253. 0 7. 2 7. 5 9. 5 128. 4 121. 8 158. 4

06- 22 7. 0 8. 6 8. 1 186. 0 193. 0 287. 0 7. 4 9. 8 12. 2 124. 0 130. 0 186. 0

06- 29 8. 1 9. 9 9. 3 235. 0 230. 0 300. 0 8. 8 10. 6 12. 4 166. 0 140. 0 194. 0

07- 06 9. 8 11. 2 10. 7 305. 0 262. 5 367. 5 10. 9 10. 6 11. 9 201. 0 196. 3 216. 3

07- 13 10. 7 12. 1 11. 5 369. 0 350. 0 400. 0 12. 0 11. 5 14. 5 236. 4 220. 0 235. 0

07- 20 11. 0 13. 3 12. 7 362. 0 390. 0 450. 0 12. 5 14. 5 16. 0 253. 8 253. 0 260. 0

07- 27 11. 6 14. 1 13. 5 384. 0 430. 0 480. 0 15. 2 17. 5 18. 0 320. 2 283. 0 295. 0

　T he cu rves fo r the heigh ts of the seed lings in th ree
trea tm en ts from M ay 15 to O ctober 1 w ere as show n
in F ig. 2. T he x ax is w as the grow ing days of the baby
rice seed lings d irect sow ing ( the 14th days rep resen ted
the da te of M ay 15).
　 F igu re 2 show ed tha t on the 16th days of the baby
rice seed lings d irect sow ing, the heigh ts of the
seed lings w ere 3. 76, 10. 62 and 4. 82 cm fo r the baby

rice seed lings d irect sow ing, fo r the seed ling
tran sp lan t ing and fo r the rice b roadcast ing,

respect ively. T he seed ling heigh t of the d irect sow ing
w as rela t ively low er by 64. 60% and 21. 99% than
tho se of the tran sp lan t ing and the b roadcast ing
respect ively. O n the 30th days, the heigh t of the
seed lings of the baby rice seed lings d irect sow ing w as
11. 52 cm , low er 21. 20% than tran sp lan t ing bu t
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F ig. 2　Comparisons of the seedling heigh ts among the

th ree p lan ting m ethods in grow th du rat ion

h igher 30. 61% than b roadcast ing. O n the 44th days,

the heigh t w as 25. 28 cm , rela t ively h igher by 35. 77%

and 97. 35% than tho se of the o ther tw o m ethods,

respect ively. O n the 86th days, the heigh t reached the

argest eariler than tho se of the o ther tw o m ethods,

w h ich w as 78. 90 cm , h igher by 61. 68% and 107. 63%

respect ively than tho se of the o ther tw o m ethods. It

show ed tha t the heigh t of the baby rice seed lings

increased qu ick ly in th is period. To the trea tm en t of
the baby rice seed lings d irect sow ing, the heigh t of the

seed lings reached the la rgest va lue of 108. 7 cm on
121st days, w h ile the heigh t of the o ther tw o m ethods

reached the la rgest va lue of 108 cm and 103 cm on
135th days ( the va lue w ere the m ax heigh t of the sta lk

of the rice seed lings, a t th is t im e the h ighest po in ts of

seed lings w ere u sua lly on the leaves). It a lso show ed

tha t, w hen the rice cam e in to au tum n, the heigh t
reduced lit t le and at last it cam e to stab iliza t ion. W hen

they w ere in stab iliza t ion, the heigh t of the th ree

trea tm en ts w as abou t 105 cm w ithou t obviou s
d ist inct ion.

Table 3　Com par ison s of the tiller and the head am ong the three cropp ing pattern s in growth duration

T reatm ent
Start t im e of tillering

öd
Start t im e of heading

öd
A verage amount of t iller

öunit·stem - 1
Effective amount of t iller

öunit·stem - 1
L ow est kno t

of t iller

T ransp lan ting 70 120 4. 8 4. 3 4

B roadcasting 57 127 7. 1 6. 3 3

Baby rice seedlings
direct sow ing

39 100 4. 5 3. 9 2

　 T he characterist ics of the seed lings in grow th

du ra t ion w ere listed in tab le 3. It show ed tha t, the

t illering by baby rice seed lings d irect sow ing is earlier
than tho se by the o ther tw o m ethods, bu t the effect ive

am oun t of t iller w as low er than tho se of the o thers

becau se the heavy den sity of the seed lings in the field

w ith less nu trit ion and the sun sh ine.
3. 3　Character ist ics of the r ice in autumn
　 T he characterist ics of the ou tpu t of the rice on

O ctober 1 w ere listed in tab le 4. It show ed tha t the

den sity of the heads of the baby rice seed lings d irect
sow ing w as 5387000öhm 2, low er respect ively by
7. 76% and 16. 79% than tho se of the tran sp lan t ing

and b roadcast ing trea tm en ts. T he ripened gra in of
each head w as 76. 8, h igher respect ively by 26. 52%

and 17. 43% than tho se of the o ther tw o trea tm en ts

becau se the low er t iller led to the cen tra lized

nu trit ion. T he one thou sand2gra in2w eigh t w as 0. 0246

kg, 3. 15% low er than tha t of the rice sow ing tran sp 2
lan t, 2. 93% h igher than tha t of the rice b roadcast ing

m ethod. T he theo ret ic ou tpu t w as 10177. 55 kg,

h igher by 13. 03% and 0. 58% than tho se of the o ther

tw o trea tm en ts, respect ively. T he p ract ica l ou tpu t of
the baby rice seed lings d irect sow ing trea tm en t w as

the m ean value of the 5 batches. In these 5 batches,

the ou tpu t w ere 6900, 7200, 7050, 9000, 7350

kgöhm 2 fo r the first, second, th ird, fou rth, and fif th
ba tches respect ively. T here w ere grea t d ifferences fo r

the rice ou tpu t am ong the ba tches, so the m ean value
( 7500 kgöhm 2 ) of the ou tpu t of baby rice seed ling
direct sow ing trea tm en t w as u sed as the p ract ica l

ou tpu t. T he reason s fo r low er ou tpu t fo r the som e

batches w ere bo th the too deep irriga t ion w ater (abou t
10 cm ) w hen the seed lings w ere sm all (abou t 5 cm ) in
the early days of the grow th and the too la te

app lica t ion of the herb icide w hen the seed lings had

been sow ed in the field fo r 3 days. So the w ater

m anagem en t and w eed con tro l w ere the key
techno log ies fo r the baby rice seed ling direct sow ing

m ethod.

Table 4　Character istics of the r ice in autumn

T reatm ent
D ensit ies of head

ö10000 head·hm - 2
R ipened grain of
each headöunit

O ne thousand2grain2
w eigh tökg

T heo retic ou tpu t
ökg·hm - 2

P ractical ou tpu t
ökg·hm - 2

T ransp lan ting 584. 0 60. 7 0. 0254 9003. 99 8683

B roadcasting 647. 4 65. 4 0. 0239 10119. 25 9593

Baby rice seedlings direct sow ing 538. 7 76. 8 0. 0246 10177. 55 75003
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4　Conclusion s

　 1 ) T he length s and am oun ts of the roo ts, the

leng th s of the sp rou ts w ere a ll acco rded w ith the
rela t ion sh ip of parabo la w ith t im e fo r the th ree rice

p lan t ing m ethods. T he cou rse of exercising seed lings

rest ra ined the increasing of the roo t leng th and the

sp rou t leng th, bu t it d id no t affect the am oun ts of the
roo t. T he heigh t of the seed ling p lan ted by baby rice

seed ling direct sow ing techno logy w as low er than

tho se of the o ther m ethods in the beginn ing, bu t it

increased qu ick ly in the m etaphase period, a t last the
heigh ts of the th ree trea tm en ts w ere a lm o st the sam e.

　2) T he sta rt t im e of t illering of the baby seed lings

by direct sow ing w as earlier than tho se of the o ther
tw o m ethods. T he average am oun ts of t iller and the

effect ive am oun ts of it w ere low er than tho se of the

o thers becau se of the heavy den sit ies. T he den sity of

the head of the seed lings p lan ted by baby rice
seed lings d irect sow ing techno logy w as the low est in

the th ree trea tm en ts. It a lso show ed tha t the one

thou sand2gra in2w eigh t by u sing rice seed ling direct

sow ing w as h igher than tha t by the b roadcast ing and
low er than tha t by the tran sp lan t ing, bu t its p lum p

gra in of each head w as the h ighest obviou sly.

　 3) T he experim en ts w ere done on ly in L iaon ing

P rovince, N o rtheast of Ch ina, so the resu lts w ere
on ly referen t ia l fo r th is area o r the sim ila r areas. To

get the op t im um p lan t ing techno logy and rea lize its

m echan iza t ion, the fu rther stud ies are st ill necessary.

[References]

[1 ]　M aram be B , Am arasinghe O L. Seedling grow th and

con tro l of p rop n il2resistan t bam yard grass in low land

direct2seeded rice fields of Sri L anka [A ]. In: peng S.

M ardy B. R ice research fo r food secu rity and poverty

alleviat ion [C ]. M an ila: IRR I, 2001, 561～ 568.

[2 ]　Pandey S, V elasco C. Econom ics of direct Seeding in

A sia: Pat tern s of adop tion and research p rio rit ies[J ]. R ice

N o tes, 1999, 24 (2) : 6～ 11.

[3 ]　Kondo M , A ragones D V , Pab lico P P, et al. Effect of

t illage in tensity, w ater con tro l and p lan ting m ethod on

seeding estab lishm en t and grow th of direct2seeded rice

[A ]. In: Peng S. M ardy B. R ice research fo r food

secu rity and poverty alleviat ion [C ]. M an ila: IRR I, 2001:

521～ 532.

[4 ]　K im S Y, Park S T , Hw any D Y, et al. P roductivity and

som e advan tages of a co rrugated fu rrow seeding rice

cu lt ivat ion techno logy [A ]. In: IRR I. P roceedings of the

abstracts of Beijing In ternat ional R ice Congress [ C ].

M an ila: IRR I, 2002: 389

[5 ]　H ideto U ENO. D evelopm en t of rice cu lt ivat ion m ethod

w ith recycled paper2m ulch ing and its fu rther study [J ].

A gricu ltu re and Ho rt icu ltu re, 1997, 72 (10) : 65～ 71.

[6 ]　Kunio T IO. D evelopm en t in paddy rice transp lan ting

using recycling2paper m u lch [ J ]. A gricu ltu ral

M echan izat ion, 1993, (9) : 47～ 49.

[7 ]　Katush i KOBA YA H S I. Paddy w eed con tro l and rice

cu lt ivat ion m ethod by recycled paper2m ulch ing [ J ].

A gricu ltu ral T echno logy, 1995, 50 (4) : 24～ 29.

[8 ]　Kam ich ika M. O n the relat ionsh ip s betw een red bean

grow th and M icroclim ate modified by recycled paper

m u lch ing [J ]. P roc of A gricu ltu ralM eteo ro logy, 1999: 80

～ 81.

[9 ]　O tsuk i K. Effect of paper m u lch ing to modify the so il

w ater con ten t and m icroclim ate [J ]. P roc of A gricu ltu ral

M eteo ro logy, 1999: 82～ 83.

[10 ]　Zhou Y ingyi, L i keqin, R en Zem in. T he study p rogress

of rice general direct seeding and zero t illage direct

seeding [ J ]. C rop R esearch, 2003 ( 1 ) : 52～ 59 ( in

Ch inese).

[11 ]　D ai Q igen, H uo Zhongyang. T he eco2physio logical

m echan ism of grow th, developm en t and yield fo rm ation

of b roadcasted rice seedlings, Ê . T he characterist ics of

spat ia l distribu t ion of p lan t on perpendicu lar and its eco2
physio logical effect [ J ]. A CTA A grononm ica Sin ica,

2001, 27 (5) : 600～ 611 (in Ch inese).

[12 ]　D ai Q igen, Xu Ke, et al. Ecophysio logicalM echan ism of

grow th, developm en t and yield fo rm ation of b roadcasted

rice seedlings, Ë . T he characterist ics of the spat ia l

distribu t ion of p lan t on lever and its ecophyio logical

effects [J ]. A CTA A gronom ica Sin ica. 2001, 27 (6) : 802

～ 810 (in Ch inese).

[13 ]　Gu Zhanggen, W ang Yuejun. P rim ary studies on

m echan ism of h igh yield of direct seedling rice [J ]. C rop

R esearch, 2001 (2) : 5～ 12 (in Ch inese).

[14 ]　R en W en tao, H u Zhongfei, Cu i Hongguang, et a l. T he

effect of laser2con tro lled land leveling and baby rice

seedling direct sow ing on saving w ater [J ]. T ransact ions

of the CSA E, 2003, 19 (3) : 72～ 75 (in Ch inese).

[15 ]　R en W en tao, X in M ingjin, L in J ing, et a l. T he effect of

paper2m ulch ing rice sow ing techno logy on saving w ater

and con tro lling w eed [ J ]. Jou rnal of Shenyang

A gricu ltu ral U n iversity, 2002, 33 ( 6 ) : 439～ 442 ( in

Ch inese).

69 V o l. 19, N o. 5 T ransact ions of the CSA E Sep t. 2003 　

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd.   All rights reserved.



乳芽直播种植技术条件下水稻生长特性的研究

任文涛, 崔红光, 辛明金, 张占勇, 贺智涛, 宋玉秋, 林　静, 包春江, 王瑞丽
(沈阳农业大学农业工程学院,沈阳 110161)

摘　要: 为了探索水稻直播的最佳种植工艺及其相应的机械化生产,采用田间试验方法,在辽阳市景尔屯村的 20 hm 2水田
进行了乳芽直播、常规插秧和抛秧 3个处理的水稻种植对比试验。对培育期乳芽的根长、根数和高度等生长特征的研究结
果表明,练苗环节对根长和乳芽高度的增长速度有明显的抑制作用,但对乳芽根数的增加无影响。对秧苗生长中期的性状
特征研究结果表明,与其它 2个处理相比,乳芽直播的秧苗在 5月 20～ 7月 27日期间生长较快,分蘖和抽穗开始时间早,分
蘖节位低,但由于播种密度太大,有效分蘖率较低。对 3个处理的产量形成指标检测结果表明,乳芽直播处理的穗数密度为
538. 7万穗öhm 2,每穗结实粒数为 76. 8粒,千粒重为 0. 0246 kg。
关键词: 水稻乳芽直播; 秧苗生长特性; 苗高; 根长; 分蘖; 穗粒数
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