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Effects of Sowing Densities on Quality and Yield Formation of Hydroponically Grown
Long-mat Rice Seedlings Under Mechanical Transplanting
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Abstract:[ Objective IThe objective of the research is to determine the suitable sowing density of hydroponically grown
long-mat rice seedlings(HLMS) under mechanical transplanting. [ Method ] The effects of sowing densities on seedling
quality, mechanical transplanting quality, field growth characteristics and yield of HLMS were analyzed. A widely
grown conventional japonica rice cultivar (Wuyunjing 24) and an indica hybrid rice cultivar (6 Liangyou 9368) were
used as test materials. [Result]Dry weight of shoot and root, root-developing ability, root activity, seedling emergence
rate, seedling base stem diameter, dry weight per unit of seedling height and photosynthetic rate were significantly
increased and the leaf area index was significantly decreased with decreasing sowing density for both cultivars before
transplantation. There were advantages of seedling reviving in the paddy field, tillering capacity and spikelet number
per panicle for thin sowing treatments, but less basic seedlings and panicles at too low sowing density. The grain yield
was not decreased significantly when the sowing density reduced to 738.9 g/m? for Wuyunjing 24 and 431.0 g/m? for 6
Liangyou 9368, respectively. However, the yield was decreased significantly when sowing density reduced
continuously for both cultivars. [Conclusion] The suitable sowing density of HLMS was 2.03 cm for Wuyunjing 24
and 1.14 cm™ for 6 Liangyou 9368, respectively.

Key words: rice (Oriza sativa); yield; mechanical transplanting; seedling; sowing density

B E: [HW] AMRSEFREEKEHIE S ETENEME. [DHE] KT F NifhX AR B RZ
K 24 5 (FHURERE) AN 6 WL 9368(A AT HUFE) N AL KL, TR AAFFEF R KGR REA . YRR, KH
AR, [4R] B EHARAKRTYRE. RIR. WAEE. e, Wi,
i L RO A R Y W SRR B ) A R 3 s, MR AR TR R R . ME RGBT IR FIE IR, B
RAE. GHERNHL, EEED/DNSEEATMEEARE, URIZHE 24 SHEME M 180 o/ fFECE] 120 o/
(738.9 g/m?). 6 Witk 9368 HEAHE M 110 g/t FEAKF] 70 g/ (431.0 g/mdit, FEEAH B, (HIFFE kL%
K, PEHRE K. (48] KEHERTREREME, ¥R 2.03 kilem?, Z<2HIfE A 1.14 Kilem?,
KR KRG PR WUS; RS ER HRhE

hE S-S $223.91; $511.042 XHFRERS : A CEHS : 1001-7216(2018)03-0247-10
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Table 1. Design of experimental treatments (sowing density).
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R R (A

Al i . . 1
Sowing density/(g nursery™)

FEREOKE 1 R)

Sowing density/(g nursery™)

Eiigh

Sowing density

B TR T B

Cultivar » Number of seeds per cm?
(0.58 m>0.28 m>0.03 m) (4 m>0.28 m>0.05 m) /(gm™)

izt 24 5 90 620.7 554.2 1.52
Wuyunjing 24 120 827.6 738.9 2.03
150 1034.5 923.6 2.54
180 1241.4 1108.4 3.05
6 Wiff 9368 50 3448 307.9 0.82
6 liangyou 9368 70 482.8 431.0 1.14
90 620.7 554.2 1.47
110 758.6 677.3 1.80
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AGIHET ARG W B PITEH KRB R, JF4iaR
[ERREE T Skbr, WEBEE. BT EIRHR
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ACHIAE 6 PIAL 9368 uftilbr R, WA FFEFh &
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Fig. 1. Seedling emergence rate and seedling number per cm? of two cultivars under different sowing densities before
transplanting for hydroponically grown long-mat rice seedlings(HLMS).
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Different letters above the bars are significantly different at P<0.05 (n =3, LSD). The same as below.
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Fig. 2. Leaf area index and specific leaf weight of two rice cultivars under different sowing densities before transplanted for

hydroponically grown long-mat rice seedlings(HLMS).
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Fig. 3. Relationship among seedlings per square centimetre and leaf area index and specific leaf weight of both cultivars
before transplanting for hydroponically grown long-mat rice seedlings(HLMS).
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Table 2. Seedling biomass accumulation of two cultivars under
hydroponically grown long-mat rice seedlings(HLMS).
oA

different sowing densities before transplanting for

Sowing density N P R Wi W EETRE R R L [iE5 A= HiHE 5 MR KRSy
NAL SH/cm NR LR/cm DWS/g DWR/g DWI/H/(mgem?) RIS SD/mm RA/(ug* g%) RDA
/(g nursery™)
RIZH 24 5 Wuyunjing 24
E) 39402a 10.8#0.2a  10.7#06a 8.2#.4a 4514049a 22940.10a  4.1640.36a 05140.08a 2940.131a  105.1+7.0a 84107 a
120 3840.1a 10.0#09a 10.1#.5a 7.3#0.8a 4344037a 2.2240.05a 4.3240.69a 05140.03a 2.620.06b 98.649.1ab  7.640.2a
150 39406a 112403a 103#21a 8.6406a 3.144071b 2.0040.14ab 28140.62b 0.6640.14a 2.620.09b 933463ab  6.30.4b
180 3940.1a 10.840.2a  10.8#1.2a 88405a 238455c 15040.11c  2.2140.54c  0.6540.16a 2.740.14b 79.446.5 b 4530.1¢c
6 il 9368 6 liangyou 9368
50 29402a 103#04c  6.840.9a 9.7427a 4.404053a 24740.30a  4.2640.4la 05740.14a 2940.12a 34.241.8a 7.940.7a
70 30402a 12040.8ab 6540.2a 9.4409a 3.9540.27ab2.2940.10a  3.3140.37b  05840.04a 284.10a 35.742.0a 724.0a
E) 209401a 103#05c  7.240.8a 7.9#0.7a 347#0.15c 2.0640.17ab 3.35#0.06b 05940.07a 2.540.11b 33.94.7a 6.740.6 ab
110 31#0.2a 112#09a  6.8#.7a 93+l.2a 282#0.17d 18540.28c  25240.25c  0.6520.07a 2540.11b 29.440.5 b 51+.2b

[7) it o A BT B (P Y R 22) J5 AN TR S BERORTE 5%7/KF B2 i (n=3, /N E R EVE) . NAL— - H(H68); SH— i NR—REG LR—ARC; DWS—3 |-
H R0 B DWR— A 2 B MR 0T 5 DW/H— 5 =i L RIS— MR EL; SD— i 56 % RA— R RiEE; RDA—/KEERIR 1. FIF.

For a given variety, values (mean+SD) followed by different letters are significantly different at P<0.05 ( n =3, LSD); NAL, Number of leaves; SH, Seedling height; NR, Number
of root per seedling; DWS, Dry weight of shoot per 100 seedlings; DWR, Dry weight of the root per 100 seedlings; SD, Seedling base stem diameter; DW/H, Seedling shoot

weight/seedling height; R/S, Root-shoot ratio; RA, Root-activity; RDA, Root-developing ability in water. The same as below.
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Fig. 4. Photosynthetic rate (P,) of two rice cultivars under different sowing densities before transplanted for hydroponically

grown long-mat rice seedlings(HLMS).
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Table 3. Mechanical transplanting quality in paddy field of two cultivars under different sowing densities for hydroponically

grown long-mat rice seedlings(HLMS).

= TIE R 7= A GIEES SN
Sowing density Muissing hill Floating seedling Damaged seedling Folded seedling  Overturned seedling Seedlings
/(g nursery™) rate/% rate/% rate/% rate/% rate/% per hill
iz 24 5 Wuyunjing 24
90 12.148.3a 211#4.35b 0.444051 a 0.4440.39 a 0.8940.38 a 3.240.6b
120 8.641.5b 3.04#2.31 ab 1.0040.33 a 0.4440.77 a 0.6640.34 a 3540.7b
150 5.543.9b 6.4440.39 a 0.33#0.34 a 0.7740.50 a 0.4440.51 a 4140.3b
180 464825¢c 4.89+1.68 a 0.33#0.34a 1223051 a 0.33#0.01a 55#.8a
6 Wiff 9368 6 Liangyou 9368
50 18.84#4.7 a 3.33#.76 b 0.44+1.96 a 0.6620.34 a 0.33#0.34 a 3.0#.5b
70 11.94#2.7b 2.66+1.20 b 0.6620.34 a 0.5640.39 a 0.4420.20 a 3.3#.1b
90 8.541.3 b 4.1842.14 ab 0.8940.38 a 0.23#.19 a 0.2240.19 a 3440.2b
110 5.143.7d 5.33#2.01a 1.5540.96 a 0.334#0.34 a 0.1140.19 a 431404a
40 r 170 g
@iz /H242 Wuyunjing 24 o ® [{iZ 15245 Wuyunjing 24
a A6Hifli9368 6 Liangyou 9368 g - A6/i11:9368 6 Liangyou 9368
o 30 2 [ ° °
E y=—6596x+2295 R*=0831" 3
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Fig. 5. Regression analysis of sowing density on missing hill rate and basic seedlings of two cultivars for hydroponically

grown long-mat rice seedlings(HLMS).
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Fig. 6. Tiller dynamics of population (A, B) and tiller number per plant (C, D) of two cultivars under different sowing
densities in paddy field for hydroponically grown long-mat rice seedlings(HLMS).
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hydroponically grown long-mat rice seedlings(HLMS).
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grown long-mat rice seedlings(HLMS).

x4 BHENNBKERERAESERSEMRFIT
Table 4. Grain yield and its components under different sowing densities for hydroponically grown long-mat rice
seedlings(HLMS).
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Sowing density Effective panicles Spikelet number  Spikelets per square Seed setting 1000-grain Yield
/(g nursery™) 1(10* hm?) per panicle meter/(<10°m?) rate/% weight/g I(thm?)
HJZF# 24 5 Wuyunjing 24
90 201.64#35¢ 150.8413.1a 314#5b 92.740.7 a 27.2740.05 a 7.9620.33 b
120 248.7+0.4 ab 152.14#10.8 a 37.8+£2.8a 932+.3a 27.834.20 a 9.8240.63 a
150 241.247.6b 151.2455a 36.4+1.6a 922424 a 27.314.39 a 9.2040.33 ab
180 2583+ .9a 145.949.7 a 36.843.3a 91.7#3.1a 27.0640.96 a 9.36+1.08 a
6 Miflt 9368 6 liangyou 9368
50 192.2466 b 207.5#35a 39.9+2.0b 85.9H.4b 28.17#1.09 a 10.0440.90 b
70 249.345.6 a 196.8425.2 ab 49.1456 a 87.5+.7 ab 28.3240.35a 11.93#H.19a
90 260.943.3 a 190.74#155 b 49.7439a 88.6+1.0 ab 28.7440.81 a 12.6740.79 a
110 271.3#20.1a 184.943.6 b 50.1#4.0a 89.6+2.5a 28.3140.27 a 12.71#.13a

WA NG I @S, ik 24 SAEETE ARG ERE BN E 2 ERENEE ST

WEES KIREACH, X TR/ NEEA ML, Bl
WK S, R IEART, REfeE s e R AR PR B
3 Big A R, sun 25 PITE BB SRR R R

DOFEE FERIAAETE, HAR D BER BT NS
EHIEM RN E M S S E R MR AT R T EE . FIN, KERER
VRS, B KFE B R. AFFTcd, B VARG, 5 R A AL
W EERR R TPRE . AR RREN, gy GEILERE, FRNEEER SRR FRIEIOR,
2 W R R A R R T WA, NIRRT R RS AR 4
HRN, BOMAR R, TEEERMEER SRR, MRS S AR,
TR, 00 T 2B 4 RS R 7 R NI B OB AR, i
AR, (8 T MR b TAMENE g, K, BREERBTSS . BRI E, LSBT LT
HE KRR RIS Ly & S AR e, il TR BRI TR AR AR RAE DY, s 0 T A
WeRE 5 rubisco MEUSAIE AR EaAI, Ag AT, PR RIS, Ak, AR,
Forh, INEEATE L EADC SRS s T oo RNERE MR SRR AR R AE LA
B, BIEECH. 5EMEih 520, gy IR BONEE. 281, MAB R RS



ZFRAESE: AR LIRS BB 3 B R

RAE, EHERERE. EAEANE, RAHEA
EWARRESEE ), R, mr i, EEMRE
RS BERRI T IE, ERE RN E R, —
JITHAEMARBEE 78 00 RAE A S8 s R — 7 TR
TERE = T ERALE . AR, Hiichd 24
SRR 120 g/41(738.9 g/md)iF, HjEE(9.82
t/hm?) 5 150 g/# M1 180 g/ AR LB X R, &
T 90 g/ftAbHE; 6 itk 9368 iy 70 g/t
(431.0 g/m?)i}, Hi5(11.93 tthm®) 5 90 g/#% F1 110
o/ELACER A E R 2 S, BT 50 g/t b B .
FEFR TR MRS RRREE S B EX,
R ARTEVERRAR J150 . oA R0R), X155 M E B
J7 RIEA B, REPIES RN R EEm T R
BEACH, ERE AR SR FIEIRL. R A
PR BERE S, TE— @ RRE BIRAN T SR
By AT ARSH, RS KRR TR
F2ES, HAREREE & T IR EAE, X5mA
E B 7% 5 AW 3 75 Pk oh AR 9T 48 SR R A — (@
S N, sEBRAEFATh,  BE AR A G EE B
IR A AR M 3, K, YRR R
BRI, KRR R WA, AN
(FIRh &) EIAH SRS N, IX SR R 4 42 B 33

4 ZEip

SFFHURKG BTN S, W RERE
FE 24 S HFIZAHITE 6 WL 9368 7% Fl 4> 5 P4k 3]
2.03 Ki/em’(ZE4% 120 g/#%) 1 1.14 ¥ilem*(ZE 4 70 of
), BRI Bk R, i, R

o

Julli|

SE K :

[1] Tasaka K, Ogura A, Karahashi M. Development of
hydroponic raising and transplanting technology for mat
type rice seedlings I : Raising test of seedlings. J Japan
Soc Agric Mach, 1996, 58: 89-99.

[2] Tasaka K, Ogura A, Karahashi M. Development of
hydroponic raising and transplanting technology for mat
type rice seedlings: II. Development and field test of
rice transplanters for long mat type hydroponic rice
seedlings. J Japan Soci Agric Mach, 1997, 59: 87-98.

[3] Tasaka K. Raising and transplanting technology for long
mat with hydroponically grown rice seedlings. Jpn Agric
Rrs Quar, 1999, 33: 31-37.

[4] Wang Y D, Tasaka K, Ogura A, Maruyama S. Growth
and physiological characteristics of rice seedlings raised
with long mat by hydroponics: Comparison with young
seedlings raised in soil. Plant Prod Sci, 1999, 2: 115-120.

(5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

255

FHIHE, ZEAE, TR, T4, XIEE, ER, &
AL RAF KB B BCE R L & Tk ZL
2011104579679. 2014-04-04.

LiGH, LiY X,Ding Y F, Wang S H, Liu Z H, Tang S,
Lei W S. Nutrient solution for the hydroponic cultivation
and preparation of rice seedlings method: 2011104579
679. 2014-04-04. (in Chinese)

R, FERAE, T, TR, XIEE, FE, T
A, —MAKBELEBR T ERMMA: ZL
201410211815.4. 2015-09-09.

LiGH, LiY X, Ding Y F, Wang S H, Liu Z H, Tang S,
Ding C Q. One kind of soilless medium for rice seedling
culture: 2014202617618. 2015-09-09. (in Chinese)
BRI, EEFE, THIE, TRE, XIEE, B, T
AR, —FhKFE B BTG AR AR KRG T L A
MF: ZL 201410215744.5. 2016-04-13.

LiGH, LiY X, Ding Y F, Wang S H, Liu Z H, Tang S,
Ding C Q. A method of rice seedling soilless-raising and
its application: 2014102118154. 2016-04-13. (in Chinese)
RS, FNE, THIE, EHA%E, XIEE, Bk, &
AL K FEK B B B3 B 0 ZL 2011205558872
2012-10-03.

Li Y X, Li G H, Ding Y F, Wang S H, Liu Z H, Tang S
and Lei W S. Nursery bed for hydroponic cultivation:
2011205558872. 2012-10-03. (in Chinese)

BEAE, MBENG, BRIE, ERE, XIEE, Bk, T
ARGR, TR, UK R R T AR AR KR
5. 2 EEFEEDRSS S5 A E AR 218 305,
M. hE Y2, 2014,

Li Y X, Xing X M, Li G H, Wang S H, Liu Z H, Tang S,
Ding C Q, Ding Y F. Studies on seedling quality and field
growth characteristics of long mat seedlings cultivated
with hydroponics of mechanical transplanting rice.
Proceedings of the National Symposium on Crop
Cultivation and Physiology in Young People. Yangzhou:
The Crop Science Society of China. 2014. (in Chinese)
FELE, FRIE, THE, T, XIEE, Bk, 5
AN, RN . — R AL KRS TC A MR ZL
201520302874.2. 2015-09-09.

Li Y X, Li GH, Ding Y F, Wang S H, Liu Z H, Tang S,
Li X C, Xing X M. One kind of seedling soilless-raising
raising board for mechanical transplanting rice:
Z1.201520302874.2, 2015-09-09. (in Chinese)

LiY X,He Z Z, Li X C, Ding Y F, Li G H, Liu Z H,
Tang S, Wang S H. Quality and Field Growth
Characteristics of Hydroponically Grown Long-Mat
Seedlings. Agron J, 2016, 108: 1581-1591.

Lei W S, Ding Y F, Li G H, Tang S, Wang S H. Effects
of soilless substrates on seedling quality and the growth
of transplanted super japonica rice. J Integ Agric,
2017, 16 (5): 1053-1063.

FERME. KRNI KE B BOTVE R E BRI
FIRG B EURLK A, 2016.

Li Y X. Research on new method and matching
technology for long mat seedlings cultivated with
hydroponics of mechanical transplanting rice. Nanjing:
Nanjing Agricultural University, 2016. (in Chinese)
Sarangi S K, Maji B, Singh S, Burman D, Mandal S,
Sharma D K, Ismail A M, Haefele S M. Improved
nursery management further enhances the productivity of


http://yuanjian.cnki.com.cn/Search/Result?author=%E9%82%A2%E6%99%93%E9%B8%A3
http://yuanjian.cnki.com.cn/Search/Result?author=%E6%9D%8E%E5%88%9A%E5%8D%8E

256

[15]

[16]

[17]

(18]

(19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

stress-tolerant rice varieties in coastal rainfed lowlands.
Field Crops Res, 2015, 174: 61-70.

Fageria N K, Baligar VV C, Clark R B. Physiology of crop
production: plant canopy architecture. New York: Food
Products Press, 2005: 8-12.

Liu Q H, Wu X, Ma J Q, Chen B, Xin C Y. Effects of
delaying transplanting on agronomic traits and grain yield
of rice under mechanical transplantation pattern. PLoS
ONE, 2015, 10: 1-18.

LiJW,YangJP, LiDS FeiPP,GuoTT, Ge CS,
Chen W Y. Chlorophyll meter’s estimate of weight-based
nitrogen concentration in rice leaf is influenced by leaf
thickness. Plant Prod Sci, 2011, 14: 177-183.

Makino A, Mae T, Ohira K. Relation between nitrogen
and ribulose-1, 5-bisphosphatecarboxylase in rice leaves
from emergence through senescence. Plant Cell Physiol,
1984, 25: 429-437.

Makino A, Harada M, Sato T, Shimada T, Yamamoto N.
Plant growth and nitrogen allocation in rice under CO,
enrichment. Plant Physiol, 1997, 115: 199-203.

Huang M, Yang C, Ji Q, Jiang L G, Tan J L, Li Y Q.
Tillering responses of rice to plant density and nitrogen
rate in a subtropical environment of southern China. Field
Crops Res, 2013, 149: 187-192.

Hiroyuki S, Hisashi K, Kensuke O, Kazuyasu N,
Mitsmunori S, Akio O Morio M, Staoko Y. Development
of rice “seed-mats”consisting of hardendened seeds with
a cover of soil for the rice transplantor. Plant Prod. Sci,
2008, 1: 108-115.

Datta D S K. Principles and practices of rice production .
New York John Wiley & Sons, 1981.

Miller B C, Hill J E, Roberts S R. Plant population effects
on growth and yield in water-seeded rice. Agron. J, 1991,
83: 291-297.

Pinson S R M, Jia Y. QTLs for early tiller production and
relationships with rapid seedling growth and increased
panicle number in rice. Crop Sci, 2016, 56: 505-519.

Sun L M, Hussain S, Liu H Y, Peng S B, Huang J L, Cui
K H, Nie L X. Implications of low sowing rate for hybrid
rice varieties under dry direct-seeded rice system in
Central China. Field Crops Res, 2015, 175: 87-95.

Kato Y, Collard B C Y, Septiningsih E M, Ismail A M.
Physiological analyses of traits associated with tolerance
of long-term partial submergence in rice. AoB Plants,
2014, 6: 1-11.

wiA, WthE, gAY, FOCE, BREL, BT,
BB, BEY, BEE, THE R WEME, K
PRAR, A, fEVRE R R, B RIS EOR
J§itt, 2000.

Ling Q H, Zhang H C, Su Z F, Guo W S, Chen D H, Lu
W P, Leng S H, Ling L,Yang J C, Ding Y F, Wu Y K,

(28]

[29]

(30]

[31]

[32]

[33]

[34]

[35]

[36]

rH [ 7K F 824 (Chin J Rice Sci) %5 32 %55 3 12018 £ 5 H)

Cao X Z, Zhu Q S, Zhu G R. Crop Population Quality.
Shanghai: Shanghai Science and Technology Press, 2000.
(in Chinese)

wIRDS, KR, T KRR T R R
AR AL B AR H Rk, 2007.

Ling Q H, Zhang H C, Ding Y F. Theory and
Technology of Precise and Quantitative Cultivation in
Rice. Beijing: China Agriculture Press, 2007. (in
Chinese)

TOEERE, HESCHR, kA, mE s, WIRAE, KKK
FRAE LA v XU B R A B BT 1 S A 7= 5 )
W7, VEP)24k, 2004, 30(9): 906-911

Shen J H, Shao W J, Zhang Z J, Yang J C, Cao W X, Zhu
Q S. Effects of sowing density on quality of
medium-seedling nursed with two-layer plastic film and
grain yield in mechanical transplanting Rice. Acta Agron
Sin, 2004, 30(9): 906-911. (in Chinese with English
abstract)

PR, DA, WRIE, PRES AEME R,
TR, WU X AT LB B % B ke R
Mk TFE 2441, 2014, 30(6): 17-27.

Li ZH, Ma X, XieJF, Chen GR, Zheng Z X, Tan Y X,
Hang Y Q. Experiment on precision seedling raising and
mechanized transplanting of hybrid rice under low
sowing rate in double cropping area. Trans CSAE, 2014,
30(6): 17-27. (in Chinese with English abstract)

G, Bk, AR, GREEEE, SRR, R, I E,
W SCAR. AR 7 ORI b 85 X0t 2% SR ARE LA Bk 5 A4
WA TT. T EKFERES, 2017, 31(1): 81-90.

Hu J F, Yang B, Zhou W, Zhang P P, Zhang Q, Li P C,
Ren W J, Yang W Y. Effect of Seeding Method and
Density on the benefit of mechanical transplanting in
indica hybrid rice. Chin J Rice Sci, 2017, 31(1): 81-90.
(in Chinese with English abstract)

Gravois K A, Helms R S. Path analysis of rice yield
components as affected by seeding rate. Agron J, 1992,
84:1-4.

Jones D B, Synder G H. Seeding rate and row spacing
effects on yield and yield components of ratoon rice.
Agron J, 1987, 79: 627-629.

Bond J A, Walker T W, Bollich P K, Koger C H, Gerard
P. Seeding rates for stale seedbed rice production in the
mid southern United States. Agron J, 2005, 97:
1560-1563.

Bond J A, Walker T W, Ottis B V, Harrel D L. Rice
seeding and nitrogen rate effects on yield and yield
components of two rice cultivars. Agron J, 2008, 100:
393-397.

Harrell D L, Blanche S B. Tillage, seeding, and nitrogen
rate effects on rice density, yield, and yield components
of two rice cultivars. Agron J, 2010, 102: 592-597.



