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Effects of N Forms on Photosynthesis at Flowering and Yield
Formation in Wetting-drying Alternation Irrigation
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Abstract: Wetting-drying alternation irrigation, which has a higher grain yield than traditional flooded rice
because the water regime is more favorable to yield formation, is considered as an important water-saving
cultivation technology in rice plants. In addition, the two different irrigation regimes have significant
effects on ratios of ammonia nitrogen and nitrate nitrogen in the root zone, and then could alter the growth
and development of rice plants. Therefore, soil water and nitrogen forms could be critical regulatory fac-
tors affecting yield formation of rice plants in wetting-drying alternation irrigation. To investigate the in-
teraction effect, we conducted pot experiments in 2016 with cultivar Ningjeng 8 in different water regimes
and N forms. In this study, water regimes included traditional flooding irrigation (W;) and wetting-drying

alternation irrigation (W,), and N forms treatments set three categories;ammonia and nitrate nitrogen ra-
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tio=0 * 100 (N,), ammonia and nitrate nitrogen ratio=50 : 50 (N,), ammonia and nitrate nitrogen ratio
=100 : 0 (N;). The results showed that: (1) the grain yield. yield components, photosynthetic produc-
tion, harvest index, N harvest index, and nitrogen grain production efficiency in the W, treatment are sig-
nificantly higher than that in the W, treatment (P<Z0. 05). But slightly lower N content in the W, treat-
ment was observed when compared with the W, treatment. From the perspective of N forms, grain yield in
the N, treatment was the greatest, and yield in the N, treatment was the minimum among N treatments,
which were mainly from a higher matter translocation from sheath to kernel and photosynthetic produce a-
bility during grain filling stage in the N, treatment than that in the N; and N, treatments. The greater N
content and N concentration could be an important physiological basis for high photosynthetic ability in the
N, treatment than the others. The N, treatment had the highest N use efficiency, and then followed by the
N, and Nj treatments. Moreover, there were significant interaction effects between water regimes and N
forms for grain yield, yield components, and harvest index (P<C0. 05). The W, treatment coupled N,
treatment was the optimal combination for yield formation of rice plants.
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Table 1 Grain yield and its components of rice with different water and nitrogen form treatments

. AR HoH 8 TRE s R
Treatment hf/fecnve [)aIllCleS Splkclgts 1000-grain weight Filled grain Grain ylfild
/(No * pot™ 1) per panicle /g /% /(g e« pot 1)
WiN; 16.42c¢40. 85 94,51d+3. 12 26.40d=+0. 33 86.59c+1. 34 32.38c¢+3.57
WiN; 21.23ab+1.33 113.74b+5. 46 26.70c+0.51 90.23b+1.18 38.48ab+1. 21
Wi N; 19.95b+1.12 100. 63¢+2.78 27.30bc£0. 14 94, 29ab=+5. 25 36.91b+2.13
W,y N; 17.54c+1. 06 100. 81c+4.51 28.07ab=+0. 63 91.82b+3.13 35.58b+2.02
W;N, 23.45a+2.13 129. 87a+3. 44 29.67a+1.01 97.29a+1.43 40.5la+1.78
W2 Njs 21.22ab=+0.56 111.91b+5.15 27.67b+0. 25 97.16a=+0. 89 40. 24a=+2. 46

B R B R NG S8 3R b BRI AE 5 V0K P A7 AE B M2 5 TRl

Note: The different normal letters within the same column indicate significant difference among treatments at 0. 05 level; The same as below
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Table 2 Plant height, accumulated dry matter and leaf area observed at flowering stage, and apparent matter translocation

from sheath to kernel during grain filling stage in different water and nitrogen form treatments

gb 78 s T AR R -7 AR Wy W B
= Accumulated dry matter Leaf area Matter translocation
Treatment Plant height /cm ) e 3 1 , 1

/(g pot™ 1) /(em? « pot™ 1) /(g pot 1)
Wi N, 80.10c+£2.93 51.94c+2.32 4388.01c+28. 62 2.42e+0. 32
Wi N, 85.65a+2.74 66.32a=+4. 62 5331.5la=®62. 26 7.04b=0. 35
WiN; 82.45b+2.79 55.81bct1. 41 4897.63b+4.76 3.12d=+0. 17
W N, 79.17c¢+1.68 43.81d+2. 37 3616.22d438. 18 1.49e40. 45
W2 N, 87.35a=£3.29 60. 12ab=£3. 86 5320. 18a=£139. 18 11.2a40.58
W2 N3 84.10ab+3.79 55.52b43.75 4371.39¢+329. 29 4,22c¢40. 49




2234 [ s W 7/ B S 37 &
-, =W, )
~
= - a o~ b
o020 a 0300 be
‘M- N. 18F ab [D¢ C ¢
Hgl6f b 27025 d
Wb g T -
Pl = 50.20F
& 121 r g
% 3 =
~ :/
400 —5
Q_J— IU) a’ ‘KI) a a
£ b2 b bb & b
27 T 4 b
B : c
S5 300k = ¢
Q 3 27 S 3F
= g W g
23 =
<200 <2
N, N, N, N, N, N,
ALFR Treatment AR Treatment
Bl 1 ORE 3K A R IE S T KRG A 4 BRI 24
Fig. 1 Photosynthetic characteristics of rice in different water and nitrogen form treatments
xR3 AKBAEZBENERPAALTEASNEREESTERELAZRERE MRS
Table 3 Accumulated and distributed characteristics of N in leaf, stem-sheath, and panicle organs of rice at
flowering stage and maturity stages in different water and nitrogen form treatments
Ak B AW Flowering stage/(mg « pot ') WA Maturity stage/(mg « pot ')

Treatment ZE 8 Stem M Leafl F# Panicle R & Total ZXH Stem M Leafl F# Panicle SR E i Total
W, N, 407, 81d+6. 54 631.89c+42. 14 13.42d=+0. 89 1054, 65d+28. 45 268. 23b+6. 58 250.17e+10.42 1146.13d+20.41  1666. 78d+-31. 86
W, N, 479.91c+10. 17 830. 89a+16.73 37.12ab=+4.33 1348. 23a+16. 74 264.78b+4.73 284.35cd+13.43 1456, 58b426.44  2002. 74c+60. 41
W, N, 514.93b+17.63  748.61b=10. 96 24.57c42.19 1289.45b4-9.67  327.89a410.24  570.41a+25.36  1458.84b+18.93  2361. 11a+58.95
W, N, 362.47¢4:20. 14 453.68d+22.61 15.27d+3. 67 832.14e£17.84  241.44c+9.49  265.36de£10.62  1286.13c+51.44  1795.03d40. 48
W, N, 499, 26bc+15. 68 757.59b421.43 43.75a15.48 1299. 15b+24. 31 227.16c¢+15. 46 294, 78¢+13.45 1634, 94a+60.78 2157, 12bc+81. 44
W, N, 559. 82a+9. 89 650. 23c+16. 95 35.24b+1.42 1247. 31c*14. 35 316. 18a+21. 31 388.15b+10.88  1602.25a+110.41 2307.42ab+104. 16
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Table 4 Harvest index, N harvest index, nitrogen dry matter production efficiency (NDMPE), and nitrogen grain
production efficiency of rice in different water and nitrogen form treatments
Ak 7 W 48 5L AR AR TR B AR T WA RR AR RLA P ROR
Treatment Harvest index N harvest index NDMPE(g « g~ 1) NGPE(g+ g 1)
WiN; 0.35d40.01 0.33c¢£0.02 55.51la®4.16 19.43a+0.68
WiN, 0.45b40.02 0.41a+0.01 42.69b=+5. 01 19.22a+0. 41
Wi N3 0.41c®0.01 0.37b40.01 38.13c+2.77 15.63c+1.02
W, N, 0.40c40.02 0.38b40.02 50.57a=+6.89 20.22a=+1. 23
W;N. 0.54a=+0. 01 0.42a+0.01 37.55c14.33 18. 65ab=+0. 65
W N3 0.46b+0.03 0.38b40.01 35.34c+3. 64 16.26b+1. 67
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