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Effects of Nitrogen Topdressing for Panicle Initiation on Leaf Morphology, Photosynthetic
Production and Grain Yield of Two Middle-season Hybrid Rice
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Abstract: [Objective] Nitrogen fertilization has a great influence on rice leaf growth, morphology, photosynthetic
production and grain yield, especially the management of spikelet-promoting and spikelet-developing nitrogen. The
objectives of this study are to elucidate the effect of spikelet-promoting and spikelet-developing nitrogen application
ratios on middle-season hybrid rice. [Method] Two middle-season rice combinations (Dexiang 4103 and Yixiang 3724,
which differ greatly in leaf morphology and grain yield) were used. The total nitrogen application rate is 180 kg/hm?, 40% of
which is topdressed for panicle initiation. Four kinds of spikelet-promoting and spikelet-developing nitrogen ratios(1 = 3,
2:2,3:1,4:0) were designed. Leaf morphology (including leaf length, width, angle, leaf area index, and group light
transmittance), net photosynthetic rate, dry matter accumulation and grain yield were measured at full heading and
harvest stage. [Result] Lower ratio(1:3) of spikelet-promoting nitrogen fertilizer can achieve a higher grain yield both in
the two combinations, and erect leaf morphology, good leaf posture for light, high net photosynthetic rate and large dry
matter accumulation were observed simultaneously. On the contrary, relatively low grain yields of both rice combinations
were observed under the treatment of high ratio of spikelet-promoting and nitrogen fertilizer. This might be mainly
attributed to the much increased leaf area, angle and dropping degree under the higher ratio, which further caused a poor
population quality and a decline in seed-setting rate and 1000-grain weight. As for the two different rice combinations,
Dexiang 4103 had a higher grain yield. In fact, Dexiang 4103 possessed a larger total number of spikelets, while a smaller
leaf area and angle variation for all fresh leaves under different nitrogen application ratios, which allowed Dexiang 4103
to maintain a good population quality and good posture to capture more light. As a result, Dexiang 4103 produced a
higher dry matter accumulation and yield. [ Conclusion] Based on these results, in order to increase the dry matter
accumulation after heading and yield, we suggest that the application of panicle nitrogen fertilizer should shape a good
leaf morphology and high quality population. Finally, the leaf breeding of hybrid rice was discussed.

Key words: rice; nitrogen; spikelet-promoting nitrogen application ratio; leaf morphology; yield
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Table 1. Basic soil fertility of the experimental field.
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1.76 29.15 157.54

39.81 80.65
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Table 2. Effects of nitrogen topdressing for panide initiation on leaf length, width and area of the uppermost three leaves in

rice.
o FEAE b FE & Flag leaf 8] 2 1 2nd leaf from top 8] 3 1 3rd leaf from top
Cultivar Nitrogen application K B AR K b aga K T TR
for panicle initiation ~Length/cm Width/cm  Area/cm’ Length/cm Width/em  Area/cm’ Length/cm Width/cm  Area/cm’
C N, 35.0b 25a 61.3d 444 a 23a 71.5b 48.6a 20a 679b
N, 353b 26a 64.2 ¢ 446 a 23a 71.8b 484 a 20a 67.8b
N; 389a 26a 70.8 b 454 a 23a 73.1 ab 484 a 20a 67.8b
Ny 394a 2.7a 74.5a 454 a 24a 76.3 a 484 a 2.1a 71.1a
FHIME Average 37.1 2.6 67.7 445 23 732 48.4 2.0 68.7
C N, 36.8¢c 24a 61.8¢c 51.5b 22a 793¢ 55.1a 2.0a 77.1a
N, 40.5b 25a 70.9b 5190 23a 83.6b 559a 2.0a 783 a
N; 40.5b 25a 70.9b 522ab 23a 84.0b 55.8a 2.0a 78.1a
Ny 45.1a 26a 82.1a 543 a 23a 874a 57.0a 2.1a 83.8a
“F¥{H Average 40.7 25 714 52.5 2.3 83.6 56.0 2.0 79.3
FAl F-value fhfh C 159.5" 1.84 32,927 244.4"  0.66 220.8" 30147 052 209.8"
FEAE N 90.52"  1.55 81.53" 292 215 14.52" 075 023 9.93"
CxN 1525 0.02 6.52" 0.95 1.51 1.61 0.81 0.67 0.71

FRAR A PR RRTE S%/KTFERARE (n=3, LSD); C. N 3 ilREAFKFE MM AMBALEE, C NERE 4103, C AHE 3724; Niv Noo
Niv Ny P BUARAEIE: (RAEAE=1:3. 2:2. 3:1. 4:0; “FI™/HIFRAE 0.05 7 0.01 K FEREE, TH.

Values within a column followed by the same letter are not significantly different at P<0.05(n=3, LSD). C and N represent different rice cultivars and

nitrogen application for panicle initiation. C,, Dexiang 4103; C,, Yixiang 3724; N;, N, N3, Ny refer to different nitrogen management pattners with the

application rate of 1:3, 2:2, 3:1 and 4:0, respectively. "and " indicate significant difference at 0.05 and 0.01 levels, respectively. The same as follows.
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Effects of nitrogen application for panicle initiation on leaf angle and light transmittance ratio.

Fff Basic angle/°

FFikfi Stretch angle/® P T Droop angle/°

Tl b3

A i . . W flam 3 N 2w 3 . fl2mt F3n FEEE
. Nitrogen application &I il S
Cultivar o 2nd leaf  3rd leaf 2nd leaf  3rd leaf 2nd leaf  3rdleaf LTR/%
For panicle initiation Flag leaf Flag leaf Flag leaf
fromtop  from top fromtop from top fromtop from top
C, Ny 14.5 20.8 26.0 19.1 26.1 29.6 4.6 53 3.6 3.24
N, 16.4 22.5 28.0 30.2 30.4 31.1 13.8 7.9 3.1 2.78
N; 15.1 21.7 27.7 47.6 34.4 30.7 325 12.7 3.0 2.19
Ny 16.2 19.7 26.2 50.5 34.6 29.3 343 14.9 3.1 1.58
“FI4{E Average 15.6 21.2 27.0 36.9 31.4 30.2 21.3 10.2 32 245
C, Ny 10.8 17.5 233 12.5 25.6 30.7 1.7 8.1 7.4 3.55
N, 16.1 18.8 25.4 25.8 26.9 335 9.7 8.1 8.1 2.59
N; 20.5 25.1 27.2 60.5 42.7 39.2 40.0 17.6 12.0 1.50
Ny 21.6 24.1 29.3 63.3 432 43.5 41.7 19.1 14.2 1.12
“F518 Average 17.3 214 26.3 40.5 34.6 36.7 233 13.2 104 2.19

A RFFRRE T dIX LSS HR & B2 (P8 . LTRAFERIE LR .

Values in the table are average of 15 medium single stems. LTR, Light transmittance ratio.
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B8 Flag leaf
01520 2nd leaf from the top
B15I30 3rd leaf from the top

E4103
Dexiang 4103
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Effects of nitrogen application for panicle initiation on photosynthetic rate of uppermost three leaves at the seventh
day after heading.
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@ 5" Flag leaf
O1#12™ 2nd leaf from the top
B33 3rd leaf from the top

HAE3724
Yixiang 3724

-Cz

A EZE P/(nmol-mist)

Table 4. Effects of nitrogen application for panicle initiation on of leaf area.

R AL #illf| Heading stage
i Mm;iﬁimm RET—— %%;wﬁﬁgﬁg o RS TR R
Cultivar LAI, LDR/%
for panicle initiation LAI, LAI, (%)
C N, 5.10¢ 8.00 ¢ 63.7b 531a 336¢
N, 5.16¢ 8.03 ¢ 643 b 515a 359¢
N 5.47b 8.52b 643 b 421b 50.6 b
N, 6.51a 9.97a 653a 4.01b 59.8a
SFHIME Average 5.48 8.63 64.4 4.67 45.0
C, N, 5.09¢ 8.00 ¢ 63.7b 511a 36.1¢
N, 5.75b 8.79b 65.4 2 534a 392¢
N; 582b 8.90 b 65.4 2 4.64b 478D
N, 6.71a 10.16 a 66.0a 3.85¢ 62.1a
FHIMH Average 5.79 8.96 65.1 474 46.3
F {f F-value C 55.93 10.60" 3.84 0.66 1.49
N 127.6" 77.35" 12.12" 18.45™ 51217
CxN 6.72" 2.60 1.28 1.02 0.70

LAIL R 5P E 3 M AR EG LAL RR TR E M M TR LA, om I ARS8, LDR 9 AR S5

LAI |, The uppermost three leaves area index at heading stage ; LAI, Total leaves area index at heading stage; LAI »,

LDR, Decreasing rate of leaf area from heading to harvest.
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Total leaves area index at harvest;
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Table 5. Effects of nitrogen application for panicle initiation on dry matter accumulation(DA) and transformation of
assimilative products.

o HLE % TR DA/(kghm?) %‘é:HJrJF% %EHHD% J%HHE% —
Cultivar Nitrogen application A 5834 A Rl U H T 2R JRDTHRZ -
for panicle initiation Heading Mature Heading to mature ~ ESL/kg-hm™ EPSL/% CPSL/%
C Ny 11112.0b 18234.5a 71225a 14994 ¢ 1637 ¢ 14.19¢ 0.527a
N, 11 559.0 ab 18 130.8 a 6571.0 ab 1807.8b 18.80 b 17.55b 0.514b
N; 11806.2a 181194 a 63132b 20904 a 2091 a 2047 a 0.505 ¢
N, 120453 a 18 085.6 a 5863.6b 225244 2197 a 2229a 0.501 ¢
FYE Average 11 630.6 18 138.8 6467.6 19125 19.51 18.63 0.512
C, Ny 10 638.0 b 17363.9a 67260a 976.8b 10.89 b 10.47b 0.487 a
N, 11 036.6 ab 1717722 6140.7 ab 1287.0a 1470 a 15.03a 0.479 a
N; 114744 a 17457.7a 59833 b 1380.0a 1321a 1428 a 0.465b
N, 11570.1a 17398.5a 58284b 1449.1a 1453 a 1634 a 0.462 b
FYE Average 11179.7 17 349.4 6 169.6 12732 13.33 14.03 0.473
F {f F-value C 258" 19.94" 14.44 141.8™ 125.0” 75.95" 267.0"
N 530 0.04 5.45" 22.24" 11.85™ 26.73" 28577
CxN 0.05 0.06 0.06 3.10 222 2.44 0.45

DA— TR ER; ESL—ZEM-TH5fiih; EPSL—2mFHmiihi %, CPSL—2Em-FH R Tt

DA, Dry matter accumulation; ESL, Export of stem and leaves after heading; EPSL, Export percentage of stem and leaves; CPSL, Contribution percentage
of stem and leaves.
*x6 RERBLEEXEREME TN

Table 6. Effects of nitrogen application for panicle initiation on grain yield and its component.

o R % AR FERRLEL HAVEE RS THLE NS
Cultivar Nitrogen application Effective panicle No. of spiklets per ~ Total spikelets ~ Seed-setting rate ~ 1000-grain Grain yield
for panicle initiation ~ number/(x 10*hm?) panicle /(x10*hm™) 1% weight/g /(kg-hm'z)
C N, 2280 1624 a 37027a 87.6a 3131a 96529a
N, 228.6b 1593 a 36529 a 86.4a 30.88b 92953b
N3 240.6 a 151.8b 36371 a 849b 30.56 be 91099b
Ny 231.0b 158.8 a 36 609 a 84.8b 30.01 ¢ 9 068.0 b
“FH41E Average 232.1 158.2 36 634 85.9 30.69 9281.5
C, Ny 220.8 a 1435a 31583 ab 80.9a 3439a 84508 a
N, 2202 a 1432a 3152506 80.8a 34.14a 8221.5 ab
N3 2244a 136.3b 30283 ¢ 80.1 ab 34.13a 8128.7b
Ny 2238a 1444 a 32360a 79.2b 33.15b 8032.6b
FHE Average 222.3 141.8 31437 80.3 33.95 8208.4
F {# F- value C 31.70" 48.48" 533.2" 33.00° 21596.1" 95.97"
N 343 5.86" 4.79" 8.76™ 41.30" 7.52"
CxN 2.07 0.12 3.17 1.27 1.74 0.43

FrEdE, HBERICAE LGNGO sl T 45 7 3724,
SHRATRLE SR A5, BIRERIERE L
B K T s, SR BERIERE 3 i
JIE o bR v B Ny AR ER R g A 5

WE 4103 FEEESTHE 3724, BAMEE 31 SEERSEX/KFEL 3 MEKENm
4103 fETRiE EAREA 3724, (ATEH AL IKFG 3 3 R B RO B, KRGS
BRI BAERMALRNERNARZENTE  EHNF A S E 5, AL 1E 4L BE K
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