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Growth character istics of rice seedlings
using direct sowing technology

RenW entao, Cui Hongguang, XinM ingjin, Zhang Zhanyong, He Zhitao,

Song Yuqiu, Lin Jing, Bao Chunjiang, W ang Ruili
(College o Agricultural Engineering, Shenyang A gricultural U niversity, Shenyang 110161, China)

Abstract To search theoptimum planting technology of rice direct sow ing and its corregpponding p roduction m echanization,
the contrast paddy-field experments on direct sowing of baby rice seedlings, the rice tranglanting, and the rice
broadcasting w ere done in Jingertun village of L isoyang T he grow th characteristics of the root length, anounts and the
height of baby rice seedlings during the breeding periodw ere studied Itw as show ed that the operation of training seedling
had the restrained effectson the increnent gpeed of the root length and the height of the baby rice, but it did not affect the
increnent of the anountsof the roots Compared to the routine sow ing methods, the direct sow ing technology of baby rice
seedlings has the advantagesasfollow s, grow ing quickly in the period from M ay 20 to July 27, tillering and heading earlier
and the node of tiller low er. But themethod had the shortcom ing of the low er effective tiller ratios because of heavy sow ing
densities The gike density of the baby rice sow ingw as 5387000 head,/hm?, the grain ripened of each pikewas 76 8, and

the one thousand-grain-w eight was Q 0246 kg

Key words direct sow ing of baby rice seedling, grow th characteristics of rice seedling; rice height;, root length; tiller;

grain anount per head
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1 Introduction

The technology of rice direct sowing was w idely
used in Europe, America and ome other countries
because of the advantagesof low er cost, w ater saving,
and higher operational efficiency, etc " “. A sian
countries, eecially Jgpan, had studied various rice
planting technologies with paper mulching” *. In
China, rice direct sow ing had been tested in Shanghai,
Jiangxi, Jiangsu, etc Up to 1998 the areas of baby
rice direct sowing in Shanghai reached 8200 hm?,

[10]

acoounting for 64 6% of the rice direct sow ing In
Jiangsu, Dai Qigen et al "' studied the eco-
physiological characteristics of the growth,

development and yield formation of broadcasted rice
seedlings The results by Gu Zhanggen and W ang
Y uejun in Zhejiang Province show ed that the yieldw as
higher by direct seeding than that by transplanting'*®!

In recent years, the baby rice direct swing
experiments were done in succession in Shenyang,
L iaoyang, Donggang of L iaoning Province, Northeast
of China™ ™. It showed that the rice planting m ethod
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had the advantages of higher benefit, lower cost, etc
But the studies on the characteristics of the seedlings
using the technology of the baby rice direct sow ing
during their grow th were seldom reported, and the
producing technologiesw ere not canonical and w idely
accepted, 0 the output was not stable, at last it
restricted the extending and the using of the
technology.

2 M ater ialsand methods

Three treatments were used in the experiments
They were baby rice seedling direct sow ing, routine
rice tranglanting and rice broadcasting The total
areas for baby rice direct seedling experimentsw ere 20
hm? to study the optimum cultivating technology,
and because of the large area with the lack of
equipment and labor, it was divided into five batches
w ith the area of 4 hm? for each batch Except for the
characteristic of theoutputw hich used themean value
of all batches, the experment data of second batch
were used as the results of the baby rice seedling
direct sow ing technology in thispaper. The areas for
routine tran lanting experimentsw ere 1 hm?, and the
areas for broadcasting were 1 hm”> The experiments
w ere conducted in L iaoyang Jingertun in 2002 Baby
rice seedling direct sow ing used laser-controlled land-
leveling machine to level the paddy field, the standard
deviation of the paddy field was no more than 2 3
an. Cumulated percentage of the measured ots,
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w hich height differencew as no more than 2 an to the
average value, was more than 80%*. The other
treatments used routine rotary cultivator to cultivate
and level the paddy field

To obtain the characteristics of baby rice seedlings
in the breeding period, such as the height of the
seedlings and = on, 30 seedling samplesw ere taken
from every batch at one time by the method of
accidental sampling To obtain the characteristics of
baby rice seedlings in the grow th course such as the
anount of the leaves and = on, in every batch 50
seedling samplesw ere taken from 5 points (each point
10 seedlings) by themethod of diagonal sampling To
test the characteristic of the rice in autumn, such as
the density of the head, 5m? samplesw ere taken from
5 pointsw ith the area of 1 m?for every points by the
method of diagonal sampling Except for 9ecial
explain, all the values usedw ere average valuesof the
samples
2 1 Paddy field irrigating before sowing

U nlike the routine tranglanting that needs 12 24
h irrigating before tranglanting rice seedlings into the
paddy field, the baby rice seedlings direct sowing
technology needs only 10 h before sowing The
irrigated paddy fields for the sow ing technology allow
the height of mud in somew here exposed above the
w ater level no more than 1 an w hile the depth of the
water in omew here was no more than 2 an. The
purpose of that demand was to let the surface w ater
pem eate into the earth sooner, and let the baby rice
seedlings combinew ith the il as :oon aspossible It
was to make the seedlings distributing uniformly
that the baby seedlings didn’t flow with the surface
w ater under the action of thew ind

2 2 Baby rice seedling breeding

Thefirst step was to select the variety of the rice It
abides by the rules to select the rice of 150 155 days
grow ing period, with the characteristics of more
tiller, higher output and w ithstanding the lodge and
the illness Considering the clmate, the variety
No 931 of L iaojing was used The one thousand-
grain-w eight of the rice seedswas Q 02415 kg and the
gem inating ratew as 91 825%.

The second step was to dry the seed under the sun
and then to select the plump rice by usingw ater. Put
the seed on the plastic film greading on the ground
After 2 5 hours under the sunlight, remove the
mpurities by using water and leave the plump rice
seed

The third step was to dip the rice by medicine Put
the selected plump seeds into a container, w hich was
filled with the medicine of a mixture of thiran and
metalaxgy or Trichloroisocyanuric acid, and dipped
for 4 5 days The one thousand-grain-w eight w as
Q 03055 kg after itwas dipped

The fourth step w as to accelerate gem ination of the
seeds Put the dipped seeds into hot water (55 ) for
2 5S5minutes, then take them out, gread them on the
plastic film in the greenhouse, and then cover the
seeds with wet cloth or knitted sack To accelerate
gem ination of the seeds needs the time of 48 hours,
irrigatingw ater and turning than over 3 4 timeseach
day. It isto ensure the humidity of the seeds to keep
the temperature of 25 35 by irrigating The
standard of gem ination hastening w as that the seeds
w hite gproutslengthwas1l 2mm, not too long The
tmetable of breeding baby rice seedlingsw as show n in
table 1

Tablel Timetable of breeding baby rice

Batches Sunning the seed  Dipping the seed A ccelerating gemination Enveloping the seed  Exercising the seedlings Direct sow ing
1 23rd, April 2h 23rd, April 11: 00 28th, April 8 00 30th, April 7: 10 4th, May 7th, M ay 8th, M ay
2 25th, April 2h 25th, April 11: 00 30th, April 9: 25 2nd, M ay 9: 00 6th, May 9th, M ay 10th, M ay
3 28th, April 2h 28th, April 10: 05 2nd, M ay 9: 30 4th, M ay 7: 20 8th, May 11th, M ay 12th, M ay
4 30th, April 1 5h  30th, April 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

The fifth step was to envelop the grouted seeds
The used materialsw ere asfollow s g routed seeds 10
kg, clay 2 2kg, fine sand 2 2kg, plant and grass ash
Q 4 kg, theplant grow th hormone of Plantpow er 2003
liquor 13 5kg M ix thosematerials equably to form a
protecting layer over the gprouted seeds Extend the
enveloped seedson theplastics in the greenhousew ith
the thickness of the seed about 5 an, and then cover
them with knitted sack The time for breeding after

enveloped needs7 8 days, irrigating and turning over
then 2 3 tmesevery day. It isimportant to keep the
humidity of the seed and maintain the temperature
anong 24 30 If the tme of enveloping was too
long, itwould result in the grouts and the roots too
long to be brokenw hen they were sowing A sa result
it would reduce the survival ratio of the baby rice
seedlings On the other hand, if the time was too
short, it would result in the baby rice seedlings
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effem inatness, and the baby rice seedlings could not
bear the low temperature in the paddy field, and it
would alo reduce the survival ratio of the baby rice
seedlings At last it would affect the output and the
quality of the rice

The last step was to exercise the baby rice
seedlings From the fourth day of beginning of
enveloping seeds, uncover the greenhouse shed from
10: 00 an to 13: 00 pm everyday. The purposew as to
let the baby rice seedlings to adapt to the change of
the clmate outside Turn over the seedlings often to
avoid the roots too long to be tangled together The
one thousand-grain-weight of the baby seedlings
before sow ingw as about Q 046 kg
2 3 Sowing in good timeand suitable quantity

The baby rice seedlingsw ere sow ed into the paddy
field with the density of 110 grains/m?, which were
envelopedw ith 8 days, the grouts lengthwere 1 2
1 5an, theroot lengthwerel 5 2 Oan. Thedirect
ow ing machine was manufactured by A gricultural
M echanization A cadeny of L iasoning Province
mproved from W FB-18 gray powder machine The
working width was 10 meters and the working
efficiency was2 hm?/2 perons The tranglanting and
broadcasting methodsw ere used at the same time of
M ay 8", and the same rice seedlings thatw ere bred on
April 5"wereused The tranglanting row w idth w as
30 an w ith the hill distance of 20 an and 3 seedlings
per hill The broadcasting was a kind of random
throw ing sow ing method w ith the average density of
seedling distributing of 37 hill/m?and 3 seedlings/hill
2 4 Water and fertilizer managenent

The period from the baby rice seedling sow ing to
the tillering was the key time The irrigation should
abide by the rule of "wet-dry-wet", "wet" means the
w ater lower than the top of the seedlings, it usually
was 3 an; "dry" means that the land surface should
not crack, it should ensure humidity enough In
general situations, it should be irrigated w ith interval
of 2 3 days |If the weather is cold, it must be
irrigated to protect the seedlings from frostbite, and
then be drained to sun the paddy field after the cold
sngp.  Fertilizer was the same as routine rice
tranglanting
25 Weed controlling

The key to baby rice seedling direct sow ing w as to
control theweeds It was becausew hen the baby rice
seedlingsw ere sow ed into the paddy field, they grew
at the sane timew ith thew eeds, while the life-force
of thew eeds to contest the nutrient and the sunshine
w as stronger than the seedlings It applied the chemi-

cal technology of broadcasting blocking w eed medicine
nan ed Ronstar of 12% w hen irrigating the paddy field
before sow ing the rice The baby rice seedlings should
be planted after 10 hours Then throw herbicidew hen
the seedlings grew to the fourth leafage

3 Reaultsand discussion

3 1 Characteristics of the baby rice seedlings in the
period of breeding

The baby rice seedlings absorbed the nutrition and
the moisture rapidly in the eight days from the
enveloped to the sowed It showed that the roots and
gprouts grev rapidly and the leaves came to green
The heights of the seedlings, the lengths and the
anounts of the roots along with the time were as
shown in Fig 1
20 r o Height of seedling

19
g" W Length of roots 82‘
2 5L & Amounts of roots {17 €
2 163
=0 is
Zi0f g
38 14 4
“5‘5 -3'é
£ Sr {2 8
g 1 <
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m ] 1 1 0
0 1 2 3 4 5 6 7 8 9

Time after enveloping/d

Fig 1 Characteristicsof baby rice seedlings
in 8 days from the enveloped

It show ed that the relationship betw een root length
y1 (mm) and the breeding time x (d) in breeding
periodw as

yi=- Q643x°+ 7 1369x - 3 2521
(x=1,23 ) (1)

The correlation coefficient of the regression equation
wasR = Q 9784> (Roa = Q 8343). The root length
arrived at the peak in the fifth day after the seedlings
enveloped, then began to shorten because the higher
containing moisture root shrank when they met the
sunshine and the dry cold atmophere

The relationship between the seedling height y2
(mm) and breeding tmex (d) was

y2= - Q 346x°- 4 9864x - 4 5121
x=1,2 3 ) (2)

The correlation coefficient of the regression equation
wasR = Q 9423> (Roa= Q 8343). The height of the
seedlings increased slowly when the exercising
seedlings course began

The relationship between the amount of the root
ys(mm) and the breeding timex (mm) wasasfollow s

ys= Q 153x*- Q 2851x + Q 9696
x=1,2 3 ) (3)
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The correlation coefficient of the regression equation
wasR = Q 9697 > (Roo= Q 8343). It could be seen
that the anounts of the rootsw ere not influenced by
the seedling exercising course
3 2 Development characteristics of the seedlings in
growth cour s

Themeasured characteristics of the seedlings such
as the amount of the leaves, the length and thew idth
of the largest leaf, and the height of the stean anong
the three different sow ing methods from M ay 20 to
July 27were listed in table 2 The results show ed that
the above mentioned characteristics of the baby rice
seedlingsw ere snaller than those of the other planting
nethods inM ay 2Q Till July 27 the height of the stem
of the baby rice seedlingsw as higher than those of the
other planting methods, the rest characteristics w ere
still snaller but the differences were decreased
obviously.

OnM ay 20, the anount of the leaves in baby rice
seedlingswas 3 3, lower regectively by 32 65% and
17 50% than those of the broadcasting and the
tranglanting On July 27, the anount of the leaves
increased to 11 6, lower regpectively by 17 73% and
14 07% than those of the other two sow ing methods
It showed that the amount of the leaves increased

quickly using the baby rice seedlings direct sow ing
technology in thisperiod

OnM ay 20, the length of the largest leaf in baby
rice seedlings direct sowing was 21 6 mm, lower
regpectively by 70 41% and 80 15% than those of the
broadcasting and the trangplanting Thew idth of the
largest leaf was 3 0 mm, lower by 23 08%
regpectively than those of the other two methods But
on July 27, the length of the largest leaf increased to
384 06 mm, lower regectively by 10 70% and
20 00% than those of the other two methods The
w idth of the largest leaf increased to 15 26 mm, low er
repectively by 13 14% and 15 56% than those of the
other wo methods It show ed that the size of the leaf
increased quickly using the baby rice seedlings direct
ow ing technology in thisperiod

On M ay 20, the height of the stem in baby rice
seedlings direct sow ingw as 3@ 3mm, low er regecti-
vely by 40 48% and 60 42% than those of the
broadcasting and the tranglanting But on July 27,
the length increased to 320 2mm, higher regectively
by 13 14% and 8 54% than those of the other two
methods It showed that the height of the seedlings
stan grew quickly in thisperiod

Table 2 Development character istics of the seedlings in growth cour se

Amount of the leaves/piece: stem” *

L ength of the largest leaf /nm

W idth of the largest leaf /nm Height of the stem/mm

/mcif:-}day Direct Broadc- Trans Direct Broadc- Trans Direct Broadc- Trans Direct Broadc- Trans
LW ing asting  planting W ing asting  planting W ing asting  planting LW ing asting  planting
05- 20 33 49 40 21 6 730 108 8 30 39 39 300 50 4 75 8
05- 21 32 50 57 34 8 80 4 31 38 50 326 60 8 61 0
05- 22 37 50 50 22 8 67 6 149 6 28 37 6 2 290 46 8 93 8
05- 23 41 47 51 29 6 88 6 124 0 25 36 47 26 0 52 6 85 4
05- 24 41 55 50 378 83 6 129 6 32 37 45 390 57. 6 100 0
05- 25 44 56 47 36 6 76 6 118 6 29 37 50 36 0 53 8 73 6
06- 01 59 6 4 59 73 6 146 2 186 0 38 58 43 65 8 98 0 133 0
06- 08 65 77 6 7 108 0 140 6 222 6 51 70 60 91 2 94 0 128 2
06- 15 6 8 83 74 167 0 166 0 253 0 72 75 95 128 4 121 8 158 4
06- 22 70 86 81 186 0 193 0 287. 0 74 98 12 2 124 0 130 0 186 0
06- 29 81 Q9 93 235 0 230 0 300 0 88 10 6 12 4 166 0 140 0 194 0
07- 06 Q8 11 2 1 7 305 0 262 5 367. 5 10 9 10 6 11 9 201 0 196 3 216 3
07- 13 a7 12 1 115 369 0 350 0 400 0 12 0 115 14 5 236 4 220 0 235 0
07- 20 110 133 12 7 362 0 390 0 450 0 12 5 14 5 16 0 253 8 253 0 260 0
07- 27 11 6 141 13 5 384 0 430 0 480 0 15 2 17.5 18 0 320 2 283 0 295 0
The curves for the heightsof the seedlings in three rice seedlings direct swing, for the seedling

treatments from M ay 15 to October 1 were as shown
in Fig 2 Thex axisw as the grow ing daysof the baby
rice seedlings direct sow ing (the 14th days represented
the date of M ay 15).

Figure 2 show ed that on the 16th days of the baby
rice seedlings direct sowing, the heights of the
seedlingswere 3 76, 1Q 62 and 4 82 an for the baby

tranglanting and for the rice broadcasting,
regpectively. The seedling height of the direct sow ing
was relatively lower by 64 60% and 21 99% than
those of the tranglanting and the broadcasting
regpectively. On the 30th days, the height of the
seedlings of the baby rice seedlings direct sow ing w as
11 52 an, lower 21 20% than transplanting but
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Fig 2 Comparioonsof the seedling heights anong the
three planting methods in grow th duration

higher 30 61% than broadcasting On the 44th days,
the heightwas 25 28 an, relatively higher by 35 77%
and 97. 35% than those of the other two methods,
regpectively. On the 86th days, the height reached the
argest eariler than those of the other two methods,

whichwas 78 90 an, higher by 61 68% and 107. 63%
regectively than those of the other wo methods It
showed that the height of the baby rice seedlings
increased quickly in thisperiod To the treatment of
the baby rice seedlingsdirect sow ing, the height of the
seedlings reached the largest value of 108 7 an on
121st days, while the height of the other two methods
reached the largest value of 108 an and 103 an on
135th days (the valuew ere themax height of the stalk
of the rice seedlings, at this time the highest pointsof
seedlingsw ere usually on the leaves). It also showed
that, when the rice cane into autumn, the height
reduced little and at last it cane to stabilization W hen
they were in stabilization, the height of the three
treatments was about 105 an without obvious
distinction

Table 3 Camparisonsof the tiller and the head anong the three cropping patterns in growth duration

T reatment Start time of tillering Start time of heading A verage anount of tiller  Effective anount of tiller L ow est knot
/d /d /unit- stem” * /unit- stem” * of tiller
Trangplanting 70 120 48 4 3 4
B roadcasting 57 127 71 63 3
Baby rice seedlings 39 100 45 a9 2

direct sow ing

The characteristics of the seedlings in grow th
duration were listed in table 3 It showed that, the
tillering by baby rice seedlings direct sow ing is earlier
than those by the other two methods, but the effective
anmount of tiller was lower than those of the others
because the heavy density of the seedlings in the field
w ith less nutrition and the sunshine
3 3 Characteristics of therice in autumn

The characteristics of the output of the rice on
October 1 were listed in table 4 It showed that the
density of the heads of the baby rice seedlings direct
owing was 5387000/hm?® lower regectively by
7. 76% and 16 79% than those of the trangplanting
and broadcasting treatments The ripened grain of
each head was 76 8, higher regectively by 26 52%
and 17 43% than those of the other two treatments
because the lower tiller led to the centralized
nutrition The one thousand-grain-w eightwas Q 0246
kg, 3 15% low er than that of the rice sow ing trang-
lant, 2 93% higher than that of the rice broadcasting

method The theoretic output was 10177 55 kg,
higher by 13 03% and Q 58% than those of the other
two treatments, regectively. The practical output of
the baby rice seedlings direct sow ing treatment w as
the mean value of the 5 batches In these 5 batches,
the output were 6900, 7200, 7050, 9000, 7350
kg/hm? for the first, second, third, fourth, and fifth
batches repectively. Therew ere great differences for
the rice output anong the batches, 0 the mean value
(7500 kg/hm?) of the output of baby rice seedling
direct owing treatment was used as the practical
output The reasons for lower output for the some
batchesw ere both the too deep irrigationw ater (about
10 an) w hen the seedlingsw ere snall (about 5an) in
the early days of the growth and the too Iate
gpplication of the herbicide when the seedlings had
been sowed in the field for 3 days So the water
managenent and weed oontrol were the key
technologies for the baby rice seedling direct sow ing
m ethod

Table 4 Characteristicsof the rice in autumn

Densities of head Ripened grain of

One thousand-grain- Theoretic output Practical output

Treament /10000 head- hm- 2 each head/unit weight/kg /kg- hm* 2 /kg- hm" 2
T rangplanting 584 0 60 7 Q 0254 9003 99 8683
B roadcasting 647 4 65 4 Q 0239 10119 25 9503
Baby rice seedlings direct sow ing 538 7 76 8 Q 0246 10177, 55 7500°
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4 Conclusions

1) The lengths and anounts of the roots, the
lengths of the gprouts were all acoorded with the
relationship of parabola with time for the three rice
planting methods The course of exercising seedlings
restrained the increasing of the root length and the
grout length, but it did not affect the anountsof the
root T he height of the seedling planted by baby rice
seedling direct sowing technology was lower than
those of the other methods in the beginning, but it
increased quickly in themetaphase period, at last the
heights of the three treatmentsw ere aimost the same

2) The start time of tillering of the baby seedlings
by direct sow ing w as earlier than those of the other
two methods The average anounts of tiller and the
effective anounts of it were lower than those of the
others because of the heavy densities T he density of
the head of the seedlings planted by baby rice
seedlings direct sow ing technology w as the lowest in
the three treatments It alo showed that the one
thousand-grain-w eight by using rice seedling direct
sow ing w as higher than that by the broadcasting and
lower than that by the trangplanting, but its plump
grain of each head w as the highest obviously.

3) The experiments were done only in L iaoning
Province, Northeast of China, = the results were
only referential for this area or the smilar areas To
get the optimum planting technology and realize its
mechanization, the further studies are still necessary.
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