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Table 1 Basic fertility of soil tested

P e Bt il TAR A AR A AR

Year Total nitrogen Total phosphorus Total potassium Alkali-hydrolyzed Available Available Organic matter pH
(g/kg) (g/kg) (g/kg) nitrogen (mg/kg)  phosphorus (mg/kg) potassium (mg/kg) (g/kg)

2023 1.64 0.89 15.72 184.78 13.67 238.19 29.86 7.19

2024 1.83 0.97 13.95 193.11 15.41 246.32 34.45 7.24
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Table 2  Effects of nitrogen application rate and N-P-K ratio on LAI of small-seed hybrid rice

2023 2024
ol T A W SEEE ZRE A s
Tillering stage Booting stage Full heading stage Mid-filling stage Tillering stage Booting stage Full heading stage Mid-filling stage
NI 3.37c 6.61c 5.94c¢ 5.00c 3.57c 6.80c 6.22¢ 5.09¢
N2 3.75b 7.52b 6.77b 5.72b 3.86b 7.49b 6.84b 5.73b
N3 4.16a 7.88ab 7.07ab 5.98ab 4.38a 7.87ab 7.19ab 5.98ab
N4 4.36a 8.26a 7.35a 6.25a 4.57a 8.00a 7.33a 6.00a
F1 3.87a 7.51a 6.74a 5.67a 4.04a 7.46a 6.85a 5.63a
F2 391a 7.48a 6.80a 5.71a 4.09a 7.53a 6.89a 5.72a
F3 3.95a 7.72a 6.80a 5.84a 4.16a 7.64a 6.94a 5.75a
NI1F1 3.26d 6.47d 5.81c 4.84c 3.52d 6.75¢ 6.13¢c 4.92¢
NI1F2 3.39d 6.51d 5.96¢ 5.03¢ 3.58d 6.78¢c 6.17¢c 5.12¢
NI1F3 3.46d 6.86d 6.05¢ 5.12¢ 3.61d 6.86¢ 6.35¢ 5.24c
N2F1 3.75¢ 7.52¢ 6.78b 5.67b 3.81c 7.41b 6.74b 5.71b
N2F2 3.87¢c 7.47¢c 6.81b 5.71b 3.79¢c 7.45b 6.87b 5.69b
N2F3 3.64c 7.56bc 6.73b 5.78b 3.98¢c 7.62b 6.91b 5.78b
N3F1 4.14b 7.88b 7.01b 591b 4.32b 7.77ab 7.19ab 5.92ab
N3F2 4.12b 7.71bc 7.03b 5.94b 4.39ab 7.84ab 7.24a 5.96ab
N3F3 4.22b 8.06ab 7.16ab 6.09ab 4.43ab 8.01ab 7.13ab 6.05a
N4F1 4.33ab 8.15ab 7.37a 6.24a 4.49ab 7.91ab 7.34a 5.98ab
N4F2 4.26b 8.23a 7.41a 6.16ab 4.59a 8.03a 7.26ab 6.09a
N4F3 4.49a 8.39a 7.27ab 6.36a 4.62a 8.05a 7.38a 5.94ab
N 3k 3k 3k k3k 3k 3k 3k 3k
F ns 3k ns k3k 3k 3k 3k 3k
NxF 3k * * ns ns ns 3k 3k

FISIR R NG F R R BE (P<0.05) . “ns” For F RIS REREAER, “* 5 F RRAERTE P<005 KT EERDE, <
FoR F R RTE P<0.01 K EEFHEZE. TH.

Different lowercase letters in the same column indicate significant differences (P < 0.05). “ns” indicates no significant difference based on the F-test;
“*” indicates significant difference based on the F-test at P < 0.05 level;, “**” indicates extremely significant difference based on the F-test at P <

0.01 level. The same below.
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Table 3  Effects of nitrogen application rate and N-P-K ratio on high-efficiency LAI at full heading stage of small-seed hybrid rice

2023 2024

s — — \ - :
Treament S fl =t fl = &t s fl =t fal=nt &t
Flag leaf  Penultimate leaf ~ Antepenultimate leaf ~ Total Flag leaf = Penultimate leaf =~ Antepenultimate leaf ~ Total
N1 1.40 1.50 1.48 4.38¢ 1.42 1.51 1.45 4.38¢
N2 1.51 1.69 1.65 4.85b 1.49 1.60 1.66 4.75b
N3 1.65 1.75 1.78 5.18a 1.61 1.71 1.75 5.07a
N4 1.67 1.79 1.78 5.24a 1.62 1.76 1.75 5.13a
Fl1 1.56 1.69 1.65 4.90a 1.54 1.63 1.63 4.80a
F2 1.55 1.68 1.68 491a 1.52 1.66 1.64 4.82a

F3 1.56 1.69 1.69 4.94a 1.54 1.64 1.69 4.87a
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%:3% 3 Table 3 (continued)

2023 2024
Ab — —

Treatment 81 fa —nf fH=nt it @it fa —nf fol =1t it
Flag leaf = Penultimate leaf = Antepenultimate leaf ~ Total Flag leaf  Penultimate leaf  Antepenultimate leaf ~ Total
NIF1 1.39 1.50 1.43 4.32¢ 1.43 1.48 1.41 4.32¢
NIF2 1.39 1.52 1.45 4.36¢ 1.41 1.49 1.46 4.36¢
NIF3 1.41 1.49 1.54 4.44c¢ 1.42 1.55 1.49 4.46¢
N2F1 1.50 1.71 1.64 4.85b 1.51 1.57 1.63 4.71b
N2F2 1.51 1.62 1.68 4.81b 1.47 1.61 1.67 4.75b
N2F3 1.53 1.75 1.64 4.92b 1.49 1.62 1.68 4.79b
N3F1 1.66 1.73 1.77 5.16a 1.60 1.68 1.78 5.06a
N3F2 1.65 1.75 1.79 5.19a 1.63 1.76 1.67 5.06a
N3F3 1.63 1.76 1.80 5.19a 1.60 1.68 1.79 5.07a
N4F1 1.69 1.80 1.76 5.25a 1.63 1.77 1.72 5.12a
N4F2 1.67 1.82 1.78 5.27a 1.58 1.79 1.74 5.11a
N4F3 1.64 1.75 1.81 5.20a 1.65 1.72 1.79 5.16a

N skk 3k

F ns Hk

NxF ns ns

22 MRESEBMEELLY NRZEZHEITE  SPAD EAF S EEIEH, N4 5 N3 4bH %=
SPAD {EHIEZNE BAEE, HAEMAE 180 kg/hm? FHGIEMREL, A
B 4 7750, i SPAD EEZAHMARIR K FABMRLAAIE T, A EZERAEE, FI 4
B, ZJRBEEE, HEEAL, AR DUI R 3 SPAD I T F2 5 F3 4b¥E., 2 R
FrmK, HAWHERM 5 SPAD ELH . H DL N4F1 4b#E SPAD fEfx =, wI LA FEE 2 S A

F4 HRAESEBPECEEX/NRAAZFEM T SPAD EHIFNT
Table 4 Effects of nitrogen application rate and N-P-K ratio on SPAD value of small-seed hybrid rice

2023 2024
ol T A SR W DR SR s
Tillering stage Booting stage Full heading stage Mid-filling stage Tillering stage Booting stage Full heading stage Mid-filling stage
N1 39.46¢ 42.57b 42.22b 38.20b 39.92b 43.14b 41.45b 38.29
N2 41.91b 44.68ab 43.64ab 39.03b 41.34b 43.53b 42.35b 39.58b
N3 42.40ab 45.30a 44.40a 40.61ab 42.08ab 45.53ab 44.41ab 41.53ab
N4 44.33a 46.37a 45.11a 41.14a 43.50a 46.23a 45.35a 42.40a
F1 41.86a 44.46a 43.73a 39.53a 41.67a 4441a 43.18a 40.24a
F2 42.04a 44.68a 43.96a 39.81a 41.50a 44.46a 43.51a 40.53a
F3 42.18a 45.05a 43.84a 39.90a 41.97a 44.79a 43.48a 40.58a
NI1F1 39.13¢ 41.67b 41.63b 37.43b 39.83b 42.89b 40.85b 37.45¢
NIF2 39.43¢ 42.83b 42.47b 38.80b 39.87b 43.03b 41.56b 38.46bc
NI1F3 39.83¢c 43.20b 42.57b 38.37b 40.07b 43.51b 41.95b 38.95bc
N2F1 41.77bc 44.63ab 43.71ab 38.80b 41.53ab 43.37b 42.12b 39.34b
N2F2 41.93b 44.43ab 43.43ab 38.47b 40.73b 43.24b 42.39b 39.61b
N2F3 42.03b 44.97ab 43.77ab 39.83ab 41.77ab 43.98b 42.54b 39.79
N3F1 42.37ab 4521a 44.53ab 40.43ab 42.10a 44.81ab 44.02ab 41.23ab
N3F2 42.41ab 45.17ab 44.77a 40.78ab 41.72ab 45.34ab 44.53ab 41.62ab
N3F3 42.43ab 45.53a 43.90ab 40.63ab 42.43a 45.78ab 44.67a 41.73ab
N4F1 44.17ab 46.33a 45.03a 41.47a 43.23a 46.57a 45.74a 42.93a
N4F2 44.39a 46.27a 45.17a 41.17a 43.67a 46.23a 45.57a 42.43a
N4F3 44.43a 46.51a 45.13a 40.78ab 43.60a 45.89ab 44.74a 41.84ab
N ek ek ek ke ek ek ek ek
F ns * ns ns ns ns ns ns

NxF ns Hok ns * ns ns * ns
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Table 5 Effects of nitrogen application rate and N-P-K ratio on dry matter accumulation in small-seed hybrid rice

2023 2024
b T A W Py Tl Fe A s R
Booting stage Full heading stage Mid-filling stage Maturity stage Booting stage Full heading stage Mid-filling stage Maturity stage
N1 6.46¢ 10.25¢ 13.38¢ 15.32¢ 7.24c¢ 10.64b 12.58b 14.55¢
N2 7.77b 11.17b 14.32b 16.35b 7.82b 11.35a 13.81a 15.89b
N3 8.20a 11.81a 15.25a 17.23a 8.14ab 11.58a 14.20a 16.50a
N4 8.29a 11.46ab 14.61ab 16.85ab 8.30a 11.64a 14.09a 16.27ab
F1 7.63a 11.09a 14.35a 16.40a 7.80a 11.26a 13.60a 15.75a
F2 7.67a 11.20a 14.46a 16.51a 7.83a 11.33a 13.72a 15.88a
F3 7.74a 11.23a 14.36a 16.41a 7.99a 11.34a 13.70a 15.79a
NI1F1 6.37¢c 10.12¢ 13.28¢ 15.25¢ 7.12¢ 10.51b 12.38b 14.33¢
NI1F2 6.42¢ 10.28¢ 13.35¢ 15.30c 7.16¢ 10.63b 12.57b 14.58¢c
NI1F3 6.58¢c 10.35¢ 13.51¢c 1541c 7.44bc 10.79b 12.78b 14.75¢
N2F1 7.71b 11.13b 14.21b 16.19bc 7.73b 11.21ab 13.67a 15.81b
N2F2 7.78b 11.18b 14.39b 16.32b 7.79b 11.34a 13.85a 15.88b
N2F3 7.82b 11.20b 14.37b 16.55ab 7.95ab 11.50a 13.92a 15.97ab
N3F1 8.18ab 11.67ab 15.26a 17.24a 8.05ab 11.57a 14.23a 16.58a
N3F2 8.19ab 11.89a 15.34a 17.36a 8.12ab 11.64a 14.29a 16.69a
N3F3 8.22ab 11.86a 15.14ab 17.09ab 8.24a 11.54a 14.08a 16.24ab
N4F1 8.25a 11.43ab 14.66ab 16.92ab 8.31a 11.73a 14.11a 16.29ab
N4F2 8.29a 11.45ab 14.75ab 17.05ab 8.25a 11.69a 14.15a 16.35ab
N4F3 8.34a 11.50ab 14.43b 16.57ab 8.34a 11.51a 14.02a 16.18ab
N kk kk kk kk kk kk kk kk
F kk kk kk kk kk * kk kk
NXF ns ns sk skk sk sk sk sk
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Table 6 Effects of nitrogen application rate and N-P-K ratio on the total sink capacity of small-seed hybrid rice

2023 2024
PUEE EBHEH JSYZEES P A e ISE IRt SYLESS s P BOE SR
Treatment Total spikelets  Total sink capacity ~ Available filled ratio Total spikelets ~ Total sink capacity ~ Available filled ratio
(x10%hm?) (kg/hm?) of sink capacity (%) (x10%hm?) (kg/hm?) of sink capacity (%)

N1 53 282.68¢ 11 828.75¢ 78.79a 53 158.74¢c 11 806.56¢ 79.70a

N2 60 559.64b 13 426.07b 75.75ab 59 180.27b 13 132.10b 75.16b

N3 63 445.88ab 14 059.61ab 77.74a 61 982.94ab 13 741.62ab 76.05ab

N4 65 399.58a 14 479.47a 73.97b 62 086.44a 13 758.35a 74.35b

F1 59 770.46a 13263.07a 76.91a 58912.90a 13 072.77a 76.19a

F2 60360.91a 13 400.12a 77.46a 59 055.88a 13116.31a 76.70a

F3 61716.03a 13 651.59a 75.16a 59 262.49a 13 126.64a 75.80a
NI1F1 52195.82¢ 11 556.15d 79.78a 52 444.16¢ 11616.38¢c 80.23a
NIF2 52912.89%¢ 11778.41d 79.04a 53 215.45¢ 11 840.44c 79.30a
N1F3 54 752.35¢ 12 160.50d 77.46ab 53 819.76¢ 11969.51¢c 79.54a
N2F1 59 179.52b 13 120.10c 75.53b 58 667.68b 13 030.09b 74.90b
N2F2 60316.12b 13 402.24bc 77.38ab 59 077.35b 13 132.90b 75.23b
N2F3 62 206.98b 13 760.18b 74.42b 59 799.76ab 13 233.69b 75.34b
N3F1 62 449.25ab 13 851.24ab 78.98ab 62 011.98ab 13 741.86ab 76.12ab
N3F2 63 189.11ab 13 990.07ab 78.56ab 62 310.02a 13 820.36a 76.63ab
N3F3 64 688.43ab 14 328.49ab 75.72b 61 620.99ab 13 661.37ab 75.32b
N4F1 65 566.65a 14 595.14a 73.52b 62 680.58a 13 940.16a 73.96b
N4F2 65 281.60a 14 485.99a 74.97b 61 735.37ab 13 692.91ab 75.73b
N4F3 65 334.08a 14 360.43ab 73.33b 61 848.37ab 13 637.57ab 73.47b

N sk ek ek ek ke ke

F kk kk kk ns ns *
NxF * sk sk sk s %
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Table 7 Effects of nitrogen application rate and N-P-K ratio on rice yield and its components of small-seed hybrid rice in 2023

b3 . ﬁxﬁ%iﬁl ﬁéﬁﬁl éﬁi? ?*ﬁi EEVEF‘E iﬁxﬁf‘%
Treatment Effective panicle number Gralqs per Seed-setting IOQO—graln Theoretlcal Actual yield
(x10%hm?) panicle rate (%) weight (g) yield (t/hm?) (t/hm?)
N1 228.25¢ 233.44b 81.45a 22.20a 9.64c 9.32¢
N2 241.62b 250.64a 78.27ab 22.17a 10.51b 10.17b
N3 251.47ab 252.30a 79.50ab 22.16a 11.17a 10.93a
N4 266.35a 245.54ab 76.18b 22.14a 11.03ab 10.71a
F1 244.56a 244.40a 79.26a 22.19a 10.51a 10.20a
F2 245.23a 246.14a 79.47a 22.20a 10.64a 10.38a
F3 250.97a 24591a 77.83a 22.12a 10.61a 10.26a
NI1F1 225.78¢ 231.18¢ 81.47a 22.14a 941c 9.22¢
NIF2 226.87¢ 233.23c 82.04a 22.26a 9.66¢ 9.31c
N1F3 232.09¢ 235.91bc 80.85ab 2221a 9.83¢ 9.42¢
N2F1 238.31bc 248.33ab 78.62ab 22.17a 10.32bc 9.91bc
N2F2 241.39bc 249.87ab 78.49ab 22.22a 10.52b 10.37b
N2F3 245.17b 253.73a 77.70b 22.12a 10.69b 10.24b
N3F1 249.03b 250.77ab 80.96ab 22.18a 11.21a 10.94a
N3F2 2438.18b 254.61a 80.47ab 22.14a 11.26a 10.99a
N3F3 257.19ab 251.52ab 77.07b 22.15a 11.04ab 10.85ab
N4F1 265.13a 247.30ab 75.98b 22.26a 11.09ab 10.73ab
N4F2 264.48a 246.83ab 76.88b 22.19a 11.14ab 10.86ab
N4F3 269.43a 242.49b 75.68b 21.98a 10.87ab 10.53ab
N sk ek ke ns sk ke
F sk ns ns ek sk ke
NxF ns ns ns Hk Hok Hok
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Table 8 Effects of nitrogen application rate and N-P-K ratio on rice yield and its components of small-seed hybrid rice in 2024

i HREEE BRI R TR B4 i bR
Treatment Effective panicle number Gralqs per Seed-setting IOQO—graln ”I.'heoretlcal Actual yield
(x10*hm?) panicle rate (%) weight (g) yield (t/hm?) (t/hm?)
N1 237.39b 223.93b 82.00a 22.21a 9.68¢c 9.41c
N2 243.43b 243.11a 78.17ab 22.19a 10.27b 9.87b
N3 258.51a 239.77a 78.65ab 22.17a 10.81a 10.45a
N4 265.69a 233.68ab 76.39b 22.16a 10.51ab 10.23ab
F1 250.48a 235.20a 78.76a 22.19a 10.29a 9.96a
F2 251.43a 234.88a 79.10a 22.21a 10.37a 10.06a
F3 251.87a 235.29a 78.54a 22.15a 10.29a 9.95a
NIF1 236.64b 221.62b 81.87a 22.15a 9.51c 9.32¢
N1F2 237.41b 224.15b 81.75a 22.25a 9.68¢ 9.39¢
NI1F3 238.13b 226.01b 82.37a 22.24a 9.86bc 9.52bc
N2F1 241.56b 242.87a 77.94b 22.21a 10.16b 9.76bc
N2F2 243.96b 242.16a 77.82b 22.23a 10.22b 9.88b
N2F3 244.77b 24431a 78.76ab 22.13a 10.42ab 9.97b
N3F1 257.45a 240.87ab 79.21ab 22.16a 10.88a 10.46a
N3F2 259.95a 239.70ab 79.11ab 22.18a 10.93a 10.59a
N3F3 258.12a 238.73ab 77.63b 22.17a 10.61ab 10.29ab
N4F1 266.25a 235.42ab 76.03b 22.24a 10.60ab 10.31ab
N4F2 264.38a 233.51ab 77.72b 22.18a 10.64ab 10.37ab
N4F3 266.45a 232.12b 75.41b 22.05a 10.28b 10.02b
N kk kk kk ns kk kk
F ns ns ns * ns *k

NxF ns ns ns * *k Hok
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Table 9 Effects of nitrogen application rate and N-P-K ratio on grain-
leaf ratio of small-seed hybrid rice at different growing stages

. 2023 2024
Trfaf‘em Z ] SR WS T SR WS
Booting stage Full heading stage Mid-filling stage Booting stage  Full heading stage Mid-filling stage
N1 0.806a 0.897a 1.067a 0.782a 0.855a 1.050a
N2 0.806a 0.894a 1.059ab 0.790a 0.865a 1.033a
N3 0.805a 0.898a 1.061ab 0.787a 0.862a 1.037a
N4 0.792a 0.890a 1.046b 0.777a 0.847a 1.034a
F1 0.798a 0.888a 1.057a 0.790a 0.861a 1.047a
F2 0.808a 0.888a 1.058a 0.785a 0.858a 1.034a
F3 0.801a 0.908a 1.059a 0.777a 0.854a 1.030a
NI1F1 0.807a 0.898ab 1.078a 0.777a 0.856ab 1.066a
NIF2 0.813a 0.888ab 1.052ab 0.785a 0.862ab 1.039ab
NI1F3 0.798a 0.905ab 1.069a 0.785a 0.848ab 1.027ab
N2F1 0.787a 0.873b 1.044ab 0.792a 0.870a 1.027ab
N2F2 0.807a 0.886ab 1.056ab 0.793a 0.860ab 1.038ab
N2F3 0.823a 0.924a 1.076a 0.785a 0.865a 1.035ab
N3F1 0.793a 0.891ab 1.057ab 0.798a 0.862ab 1.047ab
N3F2 0.820a 0.899ab 1.064ab 0.795a 0.861ab 1.045ab
N3F3 0.803a 0.903ab 1.062ab 0.769a 0.864ab 1.019b
N4F1 0.804a 0.890ab 1.051a 0.792a 0.854ab 1.048ab
N4F2 0.793a 0.881ab 1.060ab 0.769a 0.850ab 1.014b
N4F3 0.779a 0.899ab 1.027b 0.768a 0.838b 1.041ab
N sk ns skk sk sk sk
F * skk ns sk * sk
NxF *% EE EE ok * sk
2.7 INKFARZFER. ElRRSEERNEXM . FYRMERE. B, BESE. A30H
HIZE 10 AT %0, LAL. 2 LAL. My SPAD  ¥(5™REEMEZH TR, EEANGEKE. 455
xR 10 NURZEREMIRS EHEXME
Table 10 Correlation between source-sink traits and yield of small-seed hybrid rice
SRR S2BRi= & Actual yield Pe PR S2FR7 5 Actual yield
Source trait 2023 2024 Sink trait 2023 2024
LAI 73 BEI 0.898™  0.878™ || ELF{EEL Total spikelets 0.935™ 0.938"
ZATHR 0.897"  0.898" || &L EEZH Total sink capacity 0.938™  0.942"
S 0.929™  0.916™ || FEFHMFTHSE Available filled ratio of sink capacity -0.401 -0.646
WERFH 0.907 0.918™ || B X% Effective panicle number 0.827" 0.855™
bl 0.962" 0.879" || #Hi%X Grains per panicle 0.834™ 0.634
18— 0.889™  0.921" || 45523 Seed-setting rate -0.565 -0.627"
{8 =t 0.962  0.852" || THLE 1000-grain weight -0.193 -0.217
FIRCLAL 0964  0.926™ || Hit/" & Theoretical yield 0.989*"  0.988"
SPAD fH 53 BRI 0.848™  0.765 || Z2AEHARIM L Grain to leaf ratio at booting stage -0.214 0.178
SPAD value ZA TR 0.876"™  0.814™ || S5AUAKIMLL Grain to leaf ratio at full heading stage -0.039 -0.132
S 0.896™  0.876™ || #EK HF IR EL Grain to leaf ratio at mid-filling stage -0.239 -0.221
BER W 0870 0.894"
TR B ZAREN 0.953"  0.888™
Dry matter accumulation 5% fi 0.970™ 0.934**
BRI 09727 09327
B 0.988"  0.956™

7R ek S RIRIRAE P <0.05 F1 P <0.01 /KT B3 FIAR B E A OC
“*” and “**” indicate significant and extremely significant correlations at P < 0.05 and P < 0.01 levels, respectively.
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Effects of Nitrogen Application Rate and N-P-K Ratio on
Source-Sink Characteristics of Small-Seed Hybrid Rice

Pan Qunxiao, Long Chao, Zhuo Le, Yin Chao, Xiao Min, Zhou Wenxin, Yi Zhenxie
(College of Agronomy, Hunan Agricultural University, Changsha 410128, Hunan, China)

Abstract To elucidate the effects of nitrogen application rate and N-P-K ratio on the source-sink characteristics
of small-seed hybrid rice, a field experiment was conducted using the small-seed hybrid rice variety Zhuoliangyou
0985 as material. The experiment involved four nitrogen application levels [120 (N1), 150 (N2), 180 (N3), and
210 kg/ha (N4)] and three NPK ratios [1.0:0.5:0.8 (F1), 1.0:0.5:1.0 (F2), and 1.0:1.0:1.0 (F3)]. The results
showed that leaf area index (LAI), high-efficiency LAI, relative content of chlorophyll (SPAD values), and dry
matter accumulation increased with increasing nitrogen application rate. There were no significant differences
between N3 and N4 treatments, but both were significantly higher than the N1 treatment. Among different N-P-K
ratios, the F3 treatment generally resulted in higher values, though the differences were not significant. Total
spikelets and total sink capacity increased with the increase of nitrogen application rate, and the available filled
ratio of sink capacity followed the order of N1 > N3 > N2 > N4. Under different N-P-K ratios, the effective
filling degree of sink capacity was generally the highest in F2, though the difference was not significant.
Effective panicles increased with the increase of nitrogen application rate, while the number of grains per panicle
initially increased and then decreased. Both seed-setting rate and 1000-grain weight decreased with the increase
of nitrogen application rate, but these differences did not reach a significant level. Yield showed a trend of first
increasing and then decreasing with the increase of nitrogen application, with the N3 treatment producing the
highest yield. Among the interaction treatments, N3F2 achieved the highest yield, followed by N3F1. Correlation
analysis indicated that LAI, high-efficiency LAI, leaf SPAD value, dry matter accumulation, total spikelets, total
sink capacity, and effective panicles were extremely significantly and positively correlated with yield. The
available filled ratio of sink capacity and seed-setting rate were negatively correlated with yield, while the
number of grains per panicle was significantly and positively correlated with yield. No significant correlations
were found between 1000-grain weight, grain-leaf ratio, and yield. Under the conditions of this experiment,
N3F1 was considered the optimal treatment for Zhuoliangyou 0985. It had a relatively large leaf area, a high
number of grains per panicle, a large sink capacity, and a high available filled ratio of sink capacity, with a
moderate grain-leaf ratio, which coordinated source-sink relationship and achieved the dual effects of fertilizer
saving and yield increase.

Key words Small-seed hybrid rice; Nitrogen application rate; N-P-K ratio; Yield; Source-sink characteristics
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