rh E K AR (Chin J Rice Sei) s 2016, 30(6): 611—625
http://www.ricesci.cn

DOI: 10.16819/j.1001-7216.2016.6074 611

BARFEMFRBE T RIENKERARSEEFENZIT

FHEIL AL KRN WHER! BEHE! #HER! KERFC
U4 N IR A ARl A VI It S R A AR B3 vl /YL 90 4 VR W st A% AR R R SC 0 28, VL9 M 2250095 21 & B RAE YR H AR BT
i VL9614 2266005 * B R A, E-mail: hczhang@yzu.edu.cn)

Effect of Ordered Transplanting and Optimized Broadcasting on Rice Root Sys-
tem Morphological and Physiological Characteristics Under Super High-yielding

Cultivation

GUO Bao-wei', XU Ke!, ZHANG Hong-cheng''*, DAI Qi-gen', HUO Zhong-yang', WEI Hai-yan',
CHEN Hou-cun?

(! Inmovation Center of Rice Cultivation Technology in Yangtze Valley, Ministry of Agriculture/ Jiangsu Province Key Laboratory
of Crop Genetics and Physiology s Yangzhou University s Yangzhou 225009 , China ; 2 Haian County Crop Cultural Station, Haian
226600, China; * Corresponding author , E-mail : hczhang @ yzu.edu.cn)

GUO Baowei, XU Ke, ZHANG Hongcheng. et al. Effect of ordered transplanting and optimized broadcasting on rice
root system morphological and physiological characteristics under super high-yielding cultivation. Chin J Rice Sci, 2016,
30(6): 611-625.

Abstract: The rice root system morphological and physiological characteristics were to explore the approaches to achieve
super high yield. Super rice Wuyunjing 24 and Nanjing 44 were used as experimental material and three planting
methods including ordered transplanting (OT), optimized broadcasting (OB) and cast transplanting (CT) were
designed to investigate the root system morphological and physiological characteristics with mechanical transplanting
(MT) as control. The results were as follows: root length, number and weight of 3-hole seedlings had obvious
advantages 7 d after transplanting and 2-hole seedlings had obvious advantages 15 d after transplanting. Root dry
weight, root shoot ratio and activity of root system at each stage followed the trend of OT>0OB>CT>MT, while
treatments of different holes showed a trend of 2-hole™>3-hole™>1-hole. And total root absorbing surface area, active
absorbing area, ratio of active absorbing surface area to total absorbing surface area and root bleeding sap showed the
same trend. Root dry weight, root shoot ratio, root activity, total absorbing surface area, active absorbing area, ratio
of active absorbing surface area to total absorbing surface area and root bleeding sap had a very significant positive
correlation with grain yield. Root at the depth of top 5 cm accounted for more than 70 % , while at depth of top 10 cm
accounted for more than 90%. And root dry weight, root volume and root weight density at each layer showed the
trend of OT>0OB>CT, 2-hole>3-hole >>1-hole. Root weight ratio at the depth of 5—10 ¢cm, 10—15 c¢m and 15— 20
cm showed the same trend. And root dry weight at each layer was very significantly correlated with grain yield, and
root at the upper layer made greater contributions to the grain yield, and the contribution rate of root to yield at the top
10 cm depth was more than 90%. And it could be concluded that, ordered transplanting and optimized broadcasting rice
with 2-hole seedling had quicker root growth, higher root activities and more reasonable root distribution at late
growing stage which were the physiological basis for super high yield.

Key words: rice; ordered transplanting and optimized broadcasting; 2-hole gathered; 3-hole gathered; root system;
morphological and physiological characteristics
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Table 1. Grain yield and its components of rice under different transplanting ways.

5530 &5 6 W1 (2016 4E 11 )

A AR . . . N . .
\ . TR 45505 TR IR 7 S
B H o X Effective
T Hh AT 5 R No. of Seed setting  1000-grain  Theoretical Harvest
Transplanting  panicle
Site and variety grains per rate weight yield yield
ways number
panicle % /g /(tehm *) /(tehm *)
(X10*hm %)
VL7 % Haian, Jiangsu
KE 4 24 Wuyunjing 24 HLifi MT 352.7 Aa 127.3 EFf 93.5 Be 27.1 Aa 11.4 CDEd 10.8 EFGef
-3 OT-3 295.2 Fg 156.6 Aa 95.2 Aab 27.3 Aa 12.0 ABab  11.5 ABCb
-2 OT-2 307.0 EFef 154.1 ABab  95.5 Aa 27.3 Aa 12.3 Aa 11.8 Aa
#-1 0T-1 297.5 Fig 152.4 Bb 95.3 Aab 27.3 Aa 11.8 BCbe  11.3 BCDbc
#-3 OB-3 305.8 EFefl 147.8 Cc 95.0 Aab 27.3 Aa 11.7 BCDbc 11.3 BCDEbced
#-2 OB-2 321.7 CDd  146.2 Cc 95.3 Aab 27.2 Aa 12.2 ABa 11.6 ABab
m-1 OB-1 314.8 DEde 141.3 Dd 95.2 Aab 27.2 Aa 11.5 CDed  11.1 CDEFcde
fi-3 CT-3 324.3 CDed 134.2 Ee 94.8 Ab 27.3 Aa 11.3 EFe 10.7 FGig
-2 CT-2 339.6 Bb 132.3 EFe 95.1 Ac 27.2 Aa 11.6 DEd 11.0 DEFde
-1 CT-1 331.9 BCbe 129.0 FGf 94.9 Aab 27.2 Aa 11.1 Fe 10.5 Gg
F§A# 44 Nanjing 44 HLifi MT 356.8 Aa 127.3 EFf 93.5 Be 27.1 Aa 11.2 CDEd  10.7 DEef
-3 OT-3 297.7 De 150.8 Aa 95.3 ABab  27.1 Aa 11.6 ABCb 11.0 BChe
-2 OT-2 310.9 CDde 148.0 ABab 95.7 Aa 27.1 Aa 11.9 Aa 11.5 Aa
#-1 0OT-1 300.4 De 145.2 Bb 95.5 ABab  27.1 Aa 11.3 BCDc  10.8 CDcde
#-3 OB-3 319.9 BCDcd 136.0 Cc 95.2 ABbc  27.1 Aa 11.2 CDc 10.8 CDcde
#-2 OB-2 335.2 ABbe 135.0 Cc 95.5 ABab  27.0 Aa 11.7 ABab  11.2 ABb
m-1 OB-1 329.1 BCbe 130.4 Dd 95.4 ABab  27.0 Aa 11.1 Ded 10.7 CDEde
-3 CT-3 325.9 BCbed 129.3 Dd 95.0 Be 27.1 Aa 10.9 DEde  10.5 EFfg
-2 CT-2 341.8 ABab 128.3 EDd 95.3 ABbc  27.0 Aa 11.3 DEcd  11.0 BCDcd
#-1 CT-1 336.9 ABb  123.0 Ee 95.2 ABbe  27.0 Aa 10.7 Ee 10.2 Fg
VL# 4% M Yangzhou. Jiangsu
B4 24 Wuyunjing 24 HLAE MT 347.8 Aa 124.3 Gh 93.8 Bb 27.0 Ac 11.0 EFe 10.7 EFef
-3 OT-3 293.9 Gh 152.8 Aa 95.7 Aa 27.5 Aa 11.8 ABCbe 11.4 ABCbc
-2 OT-2 310.3 DEFef 150.3 ABb 95.8 Aa 27.4 Aa 12.2 Aa 11.6 Aa
#-1 0T-1 301.3 FGg 147.6 BCc 95.5 Aa 27.4 Aa 11.6 BCed  11.2 BCc
-3 OB-3 302.8 Fg 145.4 Cd 95.4 Aa 27.4 Aa 11.5 Ced 11.2 CDc
m-2 OB-2 314.8 DEde 145.2 Cd 95.6 Aa 27.4 Aa 12.0 ABab  11.5 ABab
m-1 OB-1 307.3 EFfg  142.3 De 95.5 Aa 27.3 Aabc 11.4 CDd 10.9 DEd
-3 CT-3 318.0 CDed 131.2 Ef 95.4 Aa 27.2 Aabc 10.8 EFef 10.6 FGI
-2 CT-2 331.3 Bb 129.3 EFig 95.3 Aa 27.1 Abc  11.1 DEe 10.8 EFde
-1 CT-1 323.8 BCc  127.4 Fg 95.3 Aa 27.0 Ac 10.6 Ff 10.4 Gg
m K 44 Nanjing 44 Pl MT 350.8 Aa 123.6 Fi 94.7 Ce 26.8 Ab 11.0 CDEcd 10.5 DEe
-3 OT-3 292.4 Gg 151.5 Aa 95.5 ABabc 27.0 Aab  11.4 ABCb 10.9 BCc
#-2 OT-2 304.3 EFef 149.6 Ab 95.7 Aa 27.1 Aa 11.8 Aa 11.4 Aa
-1 0T-1 296.9 FGfg 146.5 Be 95.6 ABab  27.0 Aab  11.2 BCDbc 10.7 CDd
m-3 OB-3 308.8 DEe  139.3 Cd 95.4 ABabed 26.9 Aab  11.0 CDEcd 10.4 Eef
w-2 OB-2 326.8 BCbe 137.2 Ce 95.4 ABabed 26.9 Aab  11.5 ABb 11.1 Bb
m-1 OB-1 317.8 CDhd  132.7 Df 95.3 ABbed 27.0 Aab  10.9 DEFd 10.3 EFfg
-3 CT-3 320.8 CDed 131.3 DEfg 95.2 ABCed 26.8 Ab 10.7 EFd 10.2 Fg
-2 CT-2 332.2 Bb 129.9 Eg 95.1 BCd 26.9 Aab  11.1 CDEcd 10.7 Dd
-1 CT-1 325.3 BCbhed 125.8 Fh 95.1 BCc 26.8 Ab 10.4 Fe 9.9 Gh

Bl 5 B R /NG B3 R R TE 100 500K 22 5 AN 36 . 155-3 — AR 3 GE AL s 42— AR 2 EAL R 11— AR AL
Bis -3 il 3 JEALBE 5 A2 — A 2 FESFLBRA ;-1 — Ul B LR s -3 — il 3 AL B s M2 — ML 2 S FLBRE S -1 — Sl R

L. TR,

Values followed by common letters are not significantly different at 1% (capital) and 5% (small) probability levels, respectively.OT-3, 3-

hole seedlings under ordered transplanting; OT-2, 2-hole seedlings under ordered transplanting; OT-1, Single-hole seedlings under ordered

transplanting; OB-3,3-hole seedlings under optimized broadcasting; OB-2, 2-hole seedlings under optimized broadcasting; OB-1, Single-hole

seedlings under optimized broadcasting; CT-3, 3-hole seedlings under cast transplanting; CT-2, 2-hole seedlings under cast transplanting; CT-

1, Single-hole seedlings under cast transplanting; MT, Mechanical transplanting. The same as below.
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Table 2. Root characteristics of seedling after transplanting (Haian,Jiangsu).

#J5 7 d 7 d after transplanting #J5 15 d 15 d after transplanting

A5 R T
i R M
Variety and HRRAR K HRRAR %L ) RRR K TR AR K i
. Dry weight Dry weight of
transplanting Root length per Root number Root length per Root number
of root root per plant
ways plant/cm per plant plant/cm per plant
/(g * plant™ ") /(g + plant ")
K AZ M 24 Wuyunjing 24
HL4 MT 77.1 Gh 10.0 Gg 0.0507 Ge 229.9 EFf 39.8B be 0.0715 DEef
-3 0T-3 139.5 Aa 18.8 Aa 0.0719 Aa 272.9 Bb 44.5 Aa 0.0760 ABab
-2 OT-2 133.7 ABb 18.1 ABab 0.0709 ABa 290.0 Aa 46.0 Aa 0.0777 Aa
#-1 0T-1 129.2 BCb 17.6 BCb 0.0626 DEc 246.2 CDcd 40.3 Bb 0.0721 CDEde
#-3 OB-3 123.6 Cc 16.8 Cc 0.0680 BCb 256.2 Ce 35.3 Cd 0.0746 ABab
#-2 OB-2 114.4 Dd 15.7 Dd 0.0662 CDb 281.3 ABab 38.3 Be 0.0760 ABab
#-1 OB-1 103.1 Eef 14.4 Ee 0.0578 Fd 233.0 DEFef 33.0 CDe 0.0696 Ef
-3 CT-3 105.6 Ee 14.7 DEe 0.0629 DEc 223.9 FGf 30.0 Efg 0.0706 Eef
-2 CT-2 98.8 Ef 13.9 Ee 0.0617 Ec 242.8 CDEde 31.5 DEef 0.0737 BCDcd
-1 CT-1 90.6 Fg 12.8 FI 0.0559 Fd 212.9 Gg 29.5 Eg 0.0668 Fg
™ B 44 Nanjing 44
HLIE MT 84.2 Fg 12.0 Fd 0.0421 Fi 205.3 Fg 32.7 CDc 0.0678 EFef
-3 OT-3 129.3 Aa 17.8 Aa 0.0650 Aa 250.2 Bbe 35.8 Bb 0.0743 ABab
-2 OT-2 123.0 Bb 17.1 ABa 0.0630 Ab 274.0 Aa 39.5 Aa 0.0754 Aa
#-1 0T-1 114.0 Cc 16.1 BCb 0.0544 CDe 235.9 Cd 34.5 BCbce 0.0727 Bbc
-3 OB-3 115.1 Ce 16.0 BCb 0.0591 Be 237.8 Cd 33.0 BCc 0.0703 CDd
#i-2 OB-2 109.7 Cd 15.6 CDb 0.0568 BCd 256.2 Bb 35.3 BCb 0.0720 BCe
#i-1 OB-1 100.4 De 14.5 DEc 0.0493 Eg 221.2 DEe 30.0 DEd 0.0683 DEFef
-3 CT-3 103.1 De 14.6 DEc 0.0544 CDe 224.2 De 30.0 DEd 0.0674 EFfg
-2 CT-2 100.9 De 14.4 Dec 0.0523 Df 248.8 Be 32.5 CDc 0.0695 DEde
-1 CT-1 93.5 Ef 13.7 Ec 0.0443 Fh 212.7 EFf 28.0 Ed 0.0660 Fg

R3 FRABHAXNKEELETHNREATYRENZMOIFER)

Table 3. Dry weight root of broadcasted rice under different transplanting ways (Haian,Jiangsu).

[ TEET e L%iﬁ%*ﬁi Root dry weight/(g * stem™ ') Ef{li’ff/iqifi‘i Root dry weight of population /(g+ m ")

Variety and TR e wmw THEOR C ew mEwm s

. Il 5 - 1 39 Il S - % 491
transplanting ways ES HS MS ES HS MS
CS CS
M 24 Wuayunjing 24
BLil MT 0.096 Ff 0.202 Fg 0.338 Ce 0.200 Dde 44.0 Abc 90.4 Abcde 122.1 Be 70.4 BCDbed
-3 OT-3 0.128 ABab  0.283 ABab  0.427 Aab 0.254Aa 45.8 Aabc 95.4 Aab 132.4 ABab  75.0 ABbced
#-2 OT-2 0.131 Aa 0.290 Aa 0.431 Aa 0.254 Aa 43.6 Ac 96.2 Aa 135.0 Aa 78.2 Aa
-1 0T-1 0.125 ABCabc 0.279 ABCab 0.415 Aabc 0.250 Aa 48.6 Aabc 95.2 Aabc 128.9 ABabc 74.2 ABCabc
#-3 OB-3 0.121 BCDcd  0.270 BCbce 0.390 ABed  0.229 Bbe 48.3 Aabc 93.0 Aabcde 126.4 ABbc 70.1 BCDcd
#-2 OB-2 0.123 ABCbc 0.281 ABCab 0.396 ABbc  0.233 Bb 44.6 Abc 94.3 Aabcd 128.8 ABabc 75.1 ABab
M-1 0OB-1 0.120 BCDEde 0.263 CDcd 0.389 ABed  0.220 BCc 50.8 Aab 92.1 Aabcde 125.5 ABbe  69.2 BCDde
-3 CT-3 0.113 DEe 0.241 Eef 0.355 BCe 0.208 CDd 49.7A abc 89.4 Ade 121.5 Be 67.4 CDde
-2 CT-2 0.116 CDEde 0.250 DEde  0.361 BCde  0.207 CDd 46.0 Aabc 89.9 Acde 124.0 ABbc  70.6 BCDbed
-1 CT-1 0.111 Ee 0.235 Ef 0.353 BCe 0.196 De 51.5 Aa 88.6 Ae 120.6 Be 65.0 De
R K 44 Nanjing 44

Hlifi MT 0.101 Ef 0.191 Fg 0.345 De 0.185 DEef 47.8 ABbed  89.4 Be 127.3 ABab 66.1 DEde
#-3 OT-3 0.133 Aa 0.279 ABb 0.410 ABab 0.261 Aa 48.6 ABbed  93.4 ABab 128.5 ABab 78.0 ABb
-2 OT-2 0.135 Aa 0.295 Aa 0.420 Aa 0.266 Aa 45.2 Bd 94.6 Aa 131.5 Aa 82.6 Aa
-1 0T-1 0.131 ABab  0.271 BCbc 0.404 Bb 0.256 Aa 52.1 ABabc  93.2 ABab 126.5 ABabc 76.9 Bbc
#-3 OB-3 0.121 BCDbed 0.257 CDed  0.369 Ced 0.230 Bb 53.6 Aab 92.8 ABabc 124.5 ABCbce 73.6 BCc
H-2 OB-2 0.124 BCDcde 0.270 BChc 0.378 Cc 0.227 Bb 47.3 ABcd 94.2 ABa 128.0 ABab  76.4 Bbc
-1 OB-1 0.117 CDEcde 0.253 CDd 0.365 Cd 0.211 Ce 55.1 Aa 92.4 ABabc 123.1 BCDbed69.4 CDd
-3 CT-3 0.111 CDEdef 0.227 Eef 0.336 DEef 0.194 DEde 53.6 Aab 91.2 ABabc 117.8 CDde 63.2 EFef
-2 CT-2 0.115 CDEcde 0.237 DEe 0.345 De 0.198 CDd 47.8 ABbed  92.1 ABabc 121.1 BCDed 67.6 DEd
-1 CT-1 0.107 DEef 0.220 Ef 0.328 Ef 0.179 Ef 55.5 Aa 90.5 ABbc 115.5 De 60.4 Ff




616

T4 TEABHAXNMKBEREFTHARBULHZMOIHRER)

[ K FEFE 2 (Chin ] Rice Sci) 55 30 %45 6 W (2016 4F 11 )

Table 4. Root shoot ratio of broadcasted rice under different transplanting ways (Haian, Jiangsu).

HAZ M 24 Wuyunjing 24

B Hf 44 Nanjing 44

. BB EER Oy
. 3053 BE 30 41 BE
Transplanting e EiliEE ] e ] P EiiiEE ] A
Il 5 1 1 351 Ik 57 1 1 3
ways ES HS MS ES HS MS
CS CS
HLi MT 0.275 Ff 0.225 EFe 0.106 Ac  0.037 ABChc  0.284 Fg 0.220 FGef ~ 0.111 ABab 0.035 DEde
-3 OT-3 0.327 ABab  0.243 ABab 0.112 Aab 0.038 ABab 0.328 ABb 0.236 Bb 0.110 ABCabe  0.040 ABb
-2 OT-2 0.335 Aa 0.246 Aa 0.113 Aa 0.039 Aa 0.333 Aa 0.243 Aa 0.112 Aa 0.042 Aa
-1 0T-1 0.319 ABCDb 0.239 BCb 0.110 Aabc 0.038 ABab 0.323 Be 0.231 CDc 0.109 ABCabed 0.040 ABb
%-3 OB-3 0.318 BCDbc 0.233 CDc 0.108 Aabc 0.036 BCed 0.311 Cd 0.224 EFd 0.106 ABCbede 0.038 BCc
#-2 OB-2 0.322 ABCb 0.241 ABb 0.109 Aabc 0.038 ABab 0.315 Cd 0.235 BCh 0.108 ABCabcede 0.039 Bbe
m-1 OB-1 0.307 CDEcd 0.227 DEFde 0.108 Aabc 0.036 BCcd 0.304 De 0.221 FGde  0.105 ABCcde  0.036 CDd
fi-3 CT-3 0.298 Ede 0.223 FGe 0.107 Abc  0.036 BCed 0.294 Ef 0.222 Fde 0.104 BCde 0.034 DEef
fi-2 CT-2 0.305 DEd 0.230 DEcd  0.108 Aabc 0.037 ABCbc 0.298 Ef 0.228 DEc 0.104 BCde 0.035 DEde
-1 CT-1 0.292 Ee 0.218 Gf 0.107 Abc  0.035 Cd 0.286 Fg 0.217 Gf 0.103 Ce 0.033 Ef
x5 TEABHAXKBEEBTHRRFEN CIHEM)
Table 5. Root activity of broadcasted rice under different transplanting ways( Yangzhou, Jiangsu). png/ (g« h)
#1248 24 Wuyunjing 24 ¥ 44 Nanjing 44
b ARy BE ARGy
- BT BE RO
Transplanting A A A A EiliEE-Fel] A
I 5 o % 451 I 5 - i 451
ways ES HS MS ES HS MS
CS CS
HLAF MT 40.5 DEdef 98.4 CDEdef 73.6 BCcde 20.5 BCDdef 35.8 Ff 93.4 Ef 69.7 Dde 22.8 BCDcd
-3 OT-3 47.8 ABa 105.2 ABCbc 78.5 ABab  24.6 ABab 43.2 BCbe  108.6 ABab  76.5 ABab  24.6 ABCabc
#-2 OT-2 49.7 Aa 110.5 Aa 81.2 Aa 26.2 Aa 46.4 Aa 112.2 Aa 78.2 Aa 26.2Aa
#-1 OT-1 45.3 BCb  102.1 BCDbed 76.4 ABCbc 23.4 ABCabc 41.6 BCDcd 105.5 BCbe  74.8 ABCbce 23.2 ABCDbced
#-3 OB-3 44,6 Cbc  100.5 BCDEcde 75.3 ABCbed 21.4 ABCDbede 42.5 BChed 103.5 BCed  72.8 BCDced  23.1 BCDbed
#-2 OB-2 45.5 BCb  106.7 ABab 78.4 ABab  24.7 ABab 44.3 ABb 107.6 ABbec  74.3 ABCbc 25.7 ABa
#-1 OB-1 42.7 CDed  98.3 CDEdef 73.7 BCede 18.7 CDef 39.3 De 100.4 CDde  68.5 DEe 21.4 Dde
fit-3 CT-3 40.3 DEef  96.4 DEef 71.6 Cde 19.6 CDdef 38.7 DEe 96.7 DEef  68.4 DEe 22.3 CDhde
fit-2 CT-2 41.2 DEde 99.3 CDEde 75.4 ABCbced 22.2 ABCDbed  40.6 CDde  100.8 CDde  70.5 CDde  25.2 ABCab
-1 CT-1 38.5 Ef 93.5 Ef 70.8 Ce 17.5 Df 36.4 EFf 92.4 Ef 64.6 Ef 20.6 De
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Fig. 2. Root bleeding of broadcasted rice after heading under different transplanting ways.
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Table 6. Total absorbing surface area, active absorbing surface area and ratio of active absorbing surface area to total absorbing surface area of

broadcasted rice under different transplanting ways ( Yangzhou,Jiangsu).

ot il 5 A T 5

R EY TN E RN

Total absorbing surface area /(X10°m® « hm *)

Variety and

. A BE I g ] B
transplanting ways ||ﬁ??~ﬂ+ﬂ:(%m€| cs ES HS MS
Kz 24 Wuyunjing 24
Bl MT 2.16 CDde 6.67 EFefl 9.93 EFde 6.48 BCDbc
-3 0T-3 2.26 ABab 7.35 ABab 10.62 ABab 6.59 BCh
#-2 0T-2 2.27 Aa 7.44 Aa 10.85 Aa 6.88 Aa
#-1 OT-1 2.24 ABCabc 7.31 ABCabc 10.54 ABCh 6.46 BCDbc
#i-3 OB-3 2.21 ABCDabcd 7.14 BCcd 10.21 CDEcd 6.48 BCDbc
-2 OB-2 2.23 ABCabc 7.23 ABCbced 10.36 BCDbc 6.63 Bb
A1 OB-1 2.20 ABCDbcde 7.06 CDd 10.12 DEFcd 6.35 CDEcd
#-3 CT-3 2.16 CDde 6.57 Ff 9.82 EFe 6.11 EFef
#-2 CT-2 2.18 BCDcde 6.85 DEe 10.03 DEFde 6.26 DEde
-1 CT-1 2.14 De 6.48 Ff 9.74 Fe 5.95 Ff
™ B 44 Nanjing 44
Mlid MT 2.15 ABbed 6.54 Cd 9.57 DEef 6.48 Bbc
#-3 0T-3 2.26 Aa 7.29 ABa 10.73 ABab 6.55 Bb
-2 0T-2 2.26 Aa 7.37 Aa 10.89 Aa 6.80 Aa
#-1 OT-1 2.23 ABab 7.22 ABabc 10.61 ABCabc 6.41 BCbc
#i-3 OB-3 2.20 ABabc 7.07 ABbc 10.34 BCcd 6.36 BCcd
-2 OB-2 2.21 ABabc 7.25 ABab 10.57 ABbc 6.59 ABb
#i-1 OB-1 2.15 ABbcd 7.02 Be 10.25 Cd 6.23 Cd
-3 CT-3 2.12 ABcd 6.41 Cde 9.47 DEf 5.48 Ef
#-2 CT-2 2.14 ABbcd 6.56 Cd 9.81 De 5.87 De
-1 CT-1 2.09 Bb 6.29 Ce 9.32 Ef 5.33 Ef
3T B = 0
5 5t T R W WA % T AR |
Variety and Active absorbing surface area/(X10°m” « hm *)
e A3 wN R R AT
lransplammg ways |Iﬁ]ﬁu+m\,ﬁ;} CS ES HS MS
iz K 24 Wuyunjing 24
HLAf MT 1.01 De 3.62 BCDde 5.94 CDde 2.39 BChed
-3 OT-3 1.15 Aab 4,06 Aa 6.52 ABab 2.48 Bbc
#-2 OT-2 1.16 Aa 4.08 Aa 6.76 Aa 2.64Aa
#-1 0OT-1 1.14 ABab 4.0 3 Aab 6.42 ABCabc 2.41 BChc
#£i-3 OB-3 1.11 ABCabc 3.87 ABabc 6.2 ABCDbcd 2.42 BChc
-2 OB-2 1.13 ABab 3.93 ABab 6.39 ABCabc 2.51 ABb
A-1 OB-1 1.10 ABCDabc 3.81 ABChcd 6.11 BCDcde 2.36 BCDcd
-3 CT-3 1.05 BCDcde 3.52 CDe 5.83 De 2.21 DEef
-2 CT-2 1.08 ABCDbcd 3.67 BCDcde 6.05 BCDcde 2.29 CDEde
-1 CT-1 1.03 De 3.45 De 5.74 De 2.14 Ef
M 44 Nanjing 44
HLAG MT 0.98 De 3.44 CDc 5.54 CDEef 2.32 BChe
#-3 0T-3 1.12 ABa 3.94 Aa 6.36 ABab 2.41 ABb
-2 OT-2 1.15 Aa 4.02 Aa 6.58 Aa 2.55 Aa
#-1 OT-1 1.10 ABab 3.88 ABa 6.24 ABabc 2.33 BChe
£-3 OB-3 1.09 ABCabc 3.79 ABCab 6.01 BChed 2.30 BChc
£-2 OB-2 1.11 ABab 3.93 ABa 6.30 ABab 2.43 ABab
£-1 OB-1 1.05 BCDbed 3.75 ABCab 5.92 BCDcd 2.23 BCed
#-3 CT-3 1.03 BCDcde 3.40 CDc 5.45 DEef 1.96 DEe
#-2 CT-2 1.05 BCDbed 3.52 BCDbc 5.72 CDEde 2.13 CDd
-1 CT-1 1.01 CDde 3.32 Dc 5.33 Ef 1.88 Ee
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R 0 2 i RS2 WA T AR L
. Ratio of active absorbing surface area to total absorbing surface area /%
Variety and W n -
] A By BE ) EiliEs ] A
transplanting ways B ] CS ES HS MS
4 24 Wuyunjing 24
Bl MT 16.67 Ab 54.32 Aab 59.81 Aabc 36.88 Aab
-3 OT-3 50.88 Aab 55.24 Aa 61.40 Aabc 37.66 Aab
-2 OT-2 51.10 Aa 54.84 Aab 62.29 Aa 38.37 Aa
#-1 0T-1 50.89 Aab 55.19 Aa 60.93 Aabc 37.34 Aab
#i-3 OB-3 50.23 Aab 54.21 Aab 61.03 Aabc 37.32 Aab
M-2 OB-2 50.67 Aab 54.40 Aab 61.69 Aab 37.82 Aab
M-1 0B-1 50.00 Aab 53.99 Aab 60.36 Aabc 37.10 Aab
-3 CT-3 48.61 Aab 53.61 Aab 59.38 Abc 36.20 Ab
-2 CT-2 49.54 Aab 53.57 Aab 60.32 Aabc 36.61 Aab
-1 CT-1 48.13 Aab 53.25 Ab 58.94 Ac 36.01 Ab
9K 44 Nanjing 44
LA MT 45.7 Bb 52.6 Ac 56.23 Cd 35.77 Aab
-3 OT-3 49.6 ABa 54.1 Aab 58.63 ABCabc 36.73 Aab
#-2 OT-2 50.8 Aa 54.6 Aa 60.42 Aa 37.44 Aa
-1 0T-1 49.3 ABa 53.8 Aabc 58.27 ABCbcd 36.23 Aab
#-3 OB-3 49.4 ABa 53.6 Aabc 58.12 ABCbcd 36.23 Aab
R-2 0OB-2 50.2 Aa 54.2 Aab 59.63 ABab 36.88 Aab
m-1 OB-1 49.0 ABa 53.4 Aabc 57.74 ABCbcd 35.75 Aab
-3 CT-3 48.5 ABa 53.1 Abc 57.56 ABCbed 35.82 Aab
-2 CT-2 49.1 ABa 53.7 Aabc 58.88 ABCabc 36.35 Aab
-1 CT-1 48.2 ABab 52.8 Abc 57.20 BCcd 35.34 Ab
x7 FABBFRTABFEREISIEERTRE(IHBER)
Table 7. Dry root weight of broadcasted rice under different transplanting ways at full heading (Haian,Jiangsu). g/m’
ﬁﬁ'—jm%‘zfi\‘ *EEP%E Soil depth /r:.'\qifﬁé
Variety and Total root dry
transplanting ways 0~5 cm 5~10 cm 10~15 em 15~20 cm 20~25 cm weight
KA 24 Wuyunjing 24
LA MT 63.21 Fg 14.55 Dd 4.23 Dd 0.28 Df 0.05 Bb 82.32 Eg
-3 OT-3 80.52 ABb 17.86 ABa 5.78 Aab 0.78 Aa 0.07 Aa 105.01 ABab
#-2 0T-2 82.74 Aa 18.17 Aa 6.12 Aa 0.80 Aa 0.07 Aa 107.90 Aa
-1 0T-1 79.19 BChc 17.23 ABCab 5.61 ABab 0.75 Aa 0.06 ABab 102.84 ABCbc
-3 OB-3 76.35 Cd 16.82 ABCDab 5.37 ABCbc 0.61 Bbc 0.06 ABab 99.21 CDcd
-2 OB-2 78.18 BCed 17.69 ABa 5.58 ABab 0.66 Bb 0.07 Aa 102.18 BCbed
-1 OB-1 76.10 Cd 16.39 ABCDabed 5.27 ABCbc 0.57 Be 0.07 Aa 98.40 CDd
fi-3 CT-3 66.47 Ef 15.50 BCDbed 4.77 BCDcd 0.42 Cde 0.07 Aa 87.23 Ef
-2 CT-2 72.29 De 16.48 ABCDabe  5.27 ABCbc 0.46 Cd 0.07 Aa 94.57 De
-1 CT-1 64.77 EFig 14.90 CDed 4.58 CDd 0.38 Ce 0.07 Aa 84.70 Efg
™ B 44 Nanjing 44
HL4 MT 66.32 Ee 12.51 Cd 3.83 Dd 0.30 Cg 0.04 Be 83.00 Dd
-3 OT-3 78.88 Bb 15.38 ABa 5.21 ABab 0.58 ABbc 0.06 ABab 100.11 ABab
#-2 OT-2 81.62 Aa 15.82 Aa 5.78 Aa 0.75 Aa 0.07 Aa 104.04 Aa
#-1 OT-1 75.34 Cc 14.84 ABabc 4.69 BCDbc 0.55 Bbed 0.07 Aa 95.49 BCbc
-3 OB-3 74.21 CDcd 14.42 ABCabc 4.86 BChc 0.59 ABbc 0.06 ABab 94.14 BCc
#-2 OB-2 75.41 Ce 15.23 ABab 5.12 ABCb 0.62 ABb 0.06 ABab 96.44 BChc
»-1 OB-1 72.96 CDd 13.83 ABCbced 4.59 BCDbc 0.47 BCcde 0.05 ABbc 91.90 Cc
-3 CT-3 66.13 Ee 13.46 BCed 4.65 BCDbc 0.36 Cefg 0.05 ABbc 84.65 Dd
-2 CT-2 72.60 Dd 14.90 ABab 5.03 ABCb 0.44 BCdef 0.06 ABab 93.03 BCc
-1 CT-1 63.61 Ff 12.47 Cd 4.28 CDcd 0.31 Cig 0.06 ABab 80.73 Dd
3 Wik B R FEIEM K, 5 MDA & & 5 52 AU ¢, 3l
TRl 235 S 0 e AR AR AR R T O B AR R
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Table 8. Ratio of root dry weight in various soil layers to total root dry weight of broadcasted rice under different transplanting ways (Haian, Jiang-

su). %
iRl 5 AR 7 X MR Soil depth
Variety and
transplanting ways 0~5 cm 5~10 cm 10~15 cm 15~20 cm 20~25 cm
#1218 24 Wuyunjing 24
Hlifi MT 76.79 Aa 17.67 Aa 5.14 Be 0.34 Ee 0.06 Bb
-3 OT-3 76.68 Aa 17.01 BCDbcd 5.50 ABab 0.74 Aa 0.07 ABab
-2 OT-2 76.68 Aa 16.84 CDd 5.67 Aa 0.74 Aa 0.06 Bb
-1 OT-1 77.00 Aa 16.75 Dd 5.46 ABab 0.73 Aa 0.06 Bb
»-3 OB-3 76.96 Aa 16.95 BCDcd 5.41 ABabc 0.61 ABCb 0.06 Bb
#-2 OB-2 76.51 Aa 17.31 ABCDabc 5.46 ABab 0.65 ABab 0.07 ABab
#i-1 OB-1 77.34 Aa 16.66 Dd 5.36 ABbc 0.58 BCDcd 0.07 ABab
-3 CT-3 76.20 Aa 17.77 Aa 5.47 ABab 0.48 CDcd 0.08 Aa
-2 CT-2 76.44 Aa 17.43 ABCab 5.57 Aab 0.49 CDcd 0.07 ABab
-1 CT-1 76.47 Aa 17.59 ABa 5.41 ABabc 0.45 DEd 0.08 Aa
i F 44 Nanjing 44
HLifi MT 79.90 Aa 15.07 Cd 4.61 Bd 0.36 De 0.05 Be
-3 OT-3 78.79 Aa 15.36 ABCbcd 5.20 ABabc 0.58 ABCbc 0.06 ABb
#-2 OT-2 78.45 Aa 15.21 BCd 5.56 Aa 0.72 Aa 0.07 Aa
-1 0T-1 78.90 Aa 15.54 ABCabced 4.91 ABcd 0.58 ABChc 0.07 Aa
#-3 OB-3 78.83 Aa 15.32 ABCcd 5.16 ABabc 0.63 ABab 0.06 ABb
#i-2 OB-2 78.19 Aa 15.79 ABCabc 5.31 Aabc 0.64 ABab 0.06 ABb
A1 OB-1 79.39 Aa 15.05 Cd 4.99 ABbced 0.51 BCDbed 0.05 Be
-3 CT-3 78.12 Aa 15.90 ABab 5.49 Aa 0.43 CDde 0.06 ABb
-2 CT-2 78.04 Aa 16.02 Aa 5.41 Aab 0.47 BCDcde 0.06 ABb
-1 CT-1 78.79 Aa 15.45 ABCbcd 5.30 Aabc 0.38 Dde 0.07 Aa

x99 TEABHAXTAKBEEREROIAER)

Table 9. Root volume in various soil layers of broadcasted rice under different transplanting ways (Haian,Jiangsu). cm’/m’
i Fifr 5 4 % 75 5K HIZTEIE Soil depth
Variety and
transplanting ways 0~5 cm 5~10 cm 10~15 cm 15~20 cm 20~25 cm
E 4 24 Wuyunjing 24
Hlifi MT 802.79 Dd 214.86 BCed 66.35 Ee 5.15 Dd 1.16 Cd
-3 OT-3 986.52 Aab 247.24 Aab 85.04 ABab 12.34 Aa 1.37 Aa
#-2 OT-2 1008.54 Aa 250.74 Aa 88.36 Aa 12.23 Aa 1.37 Aa
-1 OT-1 985.07 Aab 238.35 ABab 82.96 ABCab 12.04 Aa 1.36 ABa
#i-3 OB-3 960.43 Aab 237.40 ABab 81.20 ABCDbc 9.87 Bb 1.21 BCb
M-2 OB-2 967.05 Aab 248.60 Aa 81.51 ABCDbc 10.58 ABb 1.35 ABa
m-1 OB-1 952.99 ABb 230.65 ABCabc 80.62 ABCDbc 9.72 Bb 1.38 Aa
fi-3 CT-3 845.85 CDcd 217.68 BCced 75.68 CDcd 7.00 CDc 1.35 ABa
-2 CT-2 891.44 BCc 227.87 ABCbced 79.32 BCDbed 7.56 Cc 1.35 ABa
-1 CT-1 831.37 CDd 209.41 Cd 74.26 Dd 6.81 CDc 1.35 Aab
FAE 44 Nanjing 44

HLIE MT 825.85 Eef 200.04 Bd 62.19 Cc 5.11 Ed 1.02 De
-3 OT-3 975.03 ABab 237.81 Aa 82.02 ABab 11.14 Aab 1.17 BCDcd
-2 OT-2 998.06 Aa 238.46 Aa 87.48 Aa 12.02 Aa 1.36 Aa
-1 OT-1 945.58 ABCabc 225.30 ABabc 76.92 ABb 9.85 ABCabc 1.34 ABab
#-3 OB-3 921.77 ABCDbed  224.11 ABabc 80.39 ABab 9.93 ABCab 1.22 ABCbed
#-2 OB-2 938.78 ABCbc 235.71 Aab 82.68 ABab 10.35 ABab 1.24 ABCbc
#-1 OB-1 905.58 BCDed 212.96 ABbcd 74.14 ABCb 9.38 ABCDbc 1.10 CDde
-3 CT-3 847.64 DEef 213.17 ABbcd 78.23 ABab 6.54 CDEd 1.16 BCDcd
fi-2 CT-2 878.97 CDEde 225.69 ABabc 79.21 ABab 7.43 BCDEcd 1.21 ABCbcd
fi-1 CT-1 820.88 Ef 205.17 ABed 73.04 BCh 6.03 DEd 1.22 ABCbced

ARG R KRB R H B e RRRE. AU A P EIOR A R RS R R K
v i) FARRE 25 A B IR AR T B R 2R T L T BT R RUE LU AR I T RO T LA A
HEARLIRE RS SRR CRER ARG E KRR BRI R AR ERE R, AR B 5 i
MR AT T AR R R O S R AR A R I i I ROAR AR T B R LU/ TR i AR
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Table 10. Root density in various soil layers of broadcasted rice under different transplanting ways (Haian,Jiangsu). g/cm’
GRS RE HZERE Soil depth
Variety and
transplanting
0~5 cm 5~10 cm 10~15 cm 15~20 cm 20~25 cm
ways
A2 24 Wuyunjing 24
MLl MT 0.0787 ABbc 0.0677 Ab 0.0638 ABabc 0.0543 Cd 0.0430 Bb
-3 OT-3 0.0816 ABa 0.0722 Aa 0.0680 ABab 0.0632 Aab 0.0511 Aa
-2 OT-2 0.0820 Aa 0.0725 Aa 0.0693 Aa 0.0654 Aa 0.0512 Aa
-1 0T-1 0.0804 ABabc 0.0723 Aa 0.0676 ABab 0.0623 ABab 0.0441 Bb
#-3 OB-3 0.0795 ABabc 0.0709 Aab 0.0661 ABabcd 0.0618 ABab 0.0495 Aa
#-2 OB-2 0.0808 ABab 0.0712 Aab 0.0685 Aa 0.0624 ABab 0.0519 Aa
-1 OB-1 0.0799 ABabc 0.0711 Aab 0.0654 ABabcd 0.0587 ABCbcd 0.0509 Aa
-3 CT-3 0.0786 ABbc 0.0712 Aab 0.0630 ABcd 0.0600 ABChc 0.0519 Aa
-2 CT-2 0.0811 ABab 0.0723 Aa 0.0664 ABabc 0.0608 ABCab 0.0520 Aa
-1 CT-1 0.0779 ABabc 0.0712 Aab 0.0617 Bd 0.0558 BCed 0.0519 Aa
R K 44 Nanjing 44
PLif MT 0.0803 ABabc 0.0625 Aab 0.0616 BChe 0.0587 ABabc 0.0392 Dd
-3 OT-3 0.0809 ABab 0.0647 Aab 0.0635 ABb 0.0521 Cdef 0.0511 Aa
-2 OT-2 0.0818 ABa 0.0663 Aa 0.0661 Aa 0.0624 Aa 0.0515 Aa
-1 0T-1 0.0797 ABabc 0.0659 Aab 0.0610 BCed 0.0559 ABab 0.0523 Aa
#-3 OB-3 0.0805 ABabc 0.0643 Aab 0.0605 BCcd 0.0594 ABab 0.0490 ABab
#-2 OB-2 0.0803 ABabc 0.0646 Aab 0.0619 BChc 0.0599 ABab 0.0485 ABab
m-1 0B-1 0.0806 ABabc 0.0649 Aab 0.0619 BChc 0.0501 Cf 0.0454 BChc
-3 CT-3 0.0780 Bbe 0.0631 Aab 0.0594 Ced 0.0550 BCede 0.0430 CDc
-2 CT-2 0.0826 Aa 0.0660 Aab 0.0635 ABb 0.0592 ABab 0.0495 ABa
-1 CT-1 0.0775 Be 0.0608 Ab 0.0586 Cd 0.0514 Cef 0.0494 ABa
x11 REEREFENHEXRH
Table 11. Coefficients between root system traits with grain yield.
HRHER AT et I I
Il 5 - % 491
Root system trait ES HS MS
CS
FLZE i B Root dry weight per stem 0.671" " 0.781" " 0.840" " 0.756 " "
BEUR T i it Root dry weight of population —0.738"" 0.827"" 0.894" " 0.793" "
H5eE . Root shoot ratio 0.795"" 0.947"" 0.746" " 0.679""
R &G 1 Root activity 0.940" " 0.815" " 0.922° " 0.651" "
W W 10 FR Total absorbing surface area 0.866" " 0.854"" 0.808" " 0.824""
T BRI K 1 B Active absorbing surface area 0.869" " 0.885"" 0.921°" 0.902"
1 IR W A L 0.768" " 0.864" " 0.862°" 0.962" "
Ratio of active absorbing surface area to total absorbing surface area
il Rl 20 P2 AR R 3 A R (IR0 0.922""
Root bleeding intensity per stem at the heading (Haian)
il BRI T AL 2R 000 A 00 P g ) 0.303
Population root bleeding intensity at the heading (Haian)
il Rl B AR R A R (D 0.936"
Root bleeding intensity per stem at the heading (Yangzhou)
Fil R SRR AR R 5 3 2 (A D 0.350

Population root bleeding intensity at the heading( Yangzhou)

TR RN S B A G L

© and

" " indicate significant correlation at P=0.05 or P =0.01, respectively.
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Table 12. Correlation between dry matter weights in various soil layers with grain yields (Haian,Jiangsu)

FRAR R EESUEIPSE N34 I SEECEN i RE 7 ik
Root The correlation coefficient between factors(r) Path coefficient to yield(P) DS
depth RCTY
/em e s L s Ry Ty aey avy ay T5y P

0—5,x, 0.752"" 0.885"" 0.955""  0.468" 0.877"" 0.408 0.307 0.361 0.390 0.191 0.3578
5—10,x, 0.902°" 0.809"" 0.677"" 0.872"" 0.481 0.639 0.577 0.517 0.433 0.5572
10—15,x, 0.917" 0.657"" 0.882" " 0.064 0.065 0.072 0.066 0.047 0.0635
15—20,x, 0.545" 0.879"" 0.048 0.041 0.046 0.051 0.028 —
20—25,x; 0.433 —0.124 —0.180 —0.175 —0.145 —0.266 -

RCTY, The rate of contribution to yield; vy, Yield.

R13 BREGEREFESFENEXESTCIRER)

Table 13. Correlation root ratio, volume and root weight density between dry matter weights in various soil layers with grain yield (Haian, Jiangsu).

P 3% Ji) AH 56 R 4K

A R The correlation coefficient between factors(r)
Ttem Root depth/cm
Xy X3 Xy X5 y
A e 0 — 5,2, —0.964"" —0.728" " —0.220 —0.579"" —0.381
Root ratio 5 — 10.x, 0.537" 0.007 0.546" 0.221
10 — 15,x, 0.456" 0.484° 0.454°
15 — 20,x, 0.065 0.838" "
20 — 25,5 —0.062
L LN 0 — 5.2, 0.903" 0.855" " 0.976" " 0.497" 0.851" "
Root volume 5 — 10,a, 0.864" " 0.876" " 0.590" " 0.932° "
10 — 15,2, 0.866" " 0.643" " 0.721""
15 — 20,2, 0.515° 0.808" "
20 — 25,a5 0.483"
MR % 0 — 5,x, 0.225 0.608" " 0.527" 0.210 0.723""
Root weight density 5 — 10.,x, 0.809" " 0.641"° " 0.432 0.582" "
10 — 15,2, 0.748"" 0.306 0.895" "
15 — 20,x, 0.268 0.762" "
20 — 25,x5 0.314
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