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Effects of organic manure and inorganic fertilizer combination on photosynthesis
characteristics and enzyme activities of NR and SPS in rice functional leaves
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Abstract: Field plot trial was conducted to study the effects of organic manure and inorganic fertilizer combination on
photosynthesis characteristics and activities of nitrate reductase (NR) and sucrose phosphate synthetase (SPS) in rice
functional Leaves, by applying different combination of organic fertilizer (straw, pig manure, pig manure composting or
biogas fertilizer) and inorganic fertilizer. Results showed that combination of pig manure composting and chemical
fertilizer showed more advantages than the other organic fertilizers, which embodied in improving the net photosynthesis
rate and enzyme activities of nitrate reductase and sucrose phosphate synthase in rice flag leaves, ensuring stable grain
yield and rice quality. Compared with pure chemical fertilizer treatment, the enzyme activities of NR in early rice flag
leaves at booting stage improved by 65.06%, and enzyme activities of SPS in early rice flag leaves at ripening stage
improved by 7.70%, grain yield increased by 19.65%, and contents of free amino acid in rice increased by 43.87 mg/kg in
the treatment applied the combination of 20% pig manure composting and 80% chemical fertilizer.

Key words: rice; combination of organic manure and inorganic fertilizer; photosynthesis characteristics; nitrate reductase;
sucrose phosphate synthase
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Table 1 Chlorophyll relative content in flag leaves of different fertilizer applied rice (SPAD)
SPAD SPAD
A (38.58+0.95)abA (32.40+0.78)bA (36.97+0.50)abAB (39.33+1.46)abA (31.56+1.08)abAB
B (39.43+0.94)aA (33.36+0.85)abA (37.76+0.79)aAB (40.82+1.26)abA (35.15+1.41)abA
C (39.38+0.56)aA (35.51+0.39)aA (38.98+0.69)aA (38.89+1.31)bAB (30.70+1.63)bAB
D (39.36+0.99)aA (32.87+0.88)abA (38.06+0.94)aAB (42.26+1.54)aA (36.14+1.90)aA
E (36.15£0.73)bAB (32.07£0.93)abA (37.84+0.70)aAB (39.05+0.87)abA (32.62+1.53)abA
F (37.75%0.86)abA (33.07£0.45)abA (37.41£0.98)aAB (39.11£1.19)abA (34.04+1.98)abA
G (38.77+0.09)abA (33.90+0.13)abA (37.87+0.73)aAB (39.82+1.93)abA (32.91+1.74)abA
CK (33.54+0.93)cB (27.64+0.74)cB (34.98+0.60)bB (34.47+0.60)cB (25.40+1.48)cB
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Table 2 Photosynthesis characteristics of early rice flag leaves of different fertilizer treatments

/ / / /

(umol'm2s™" (umol'm2s™") (umol-mol™) (umol'm2s™")
A (21.73+0.48)abA (6.78+1.75)abA (338+4)aA (21.4£1.1)aA
B (21.23+1.70)abA (7.94+1.29)aA (33342)bcABC (20.2+1.3)abA
C (21.67+2.17)abA (4.85+3.16)abA (33342)bcABC (20.61.0)abA
D (22.63+1.18)aA (6.47+2.91)abA (336+1)abABC (21.6+1.5)aA
E (19.60+1.08)bA (3.53+1.81)bA (331£5)cBC (20.0+0.6)abA
F (20.00+0.35)bA (3.14+1.66)bA (32946)cC (19.3+1.2)bA
G (20.88+0.48)abA (6.82+0.95)abA (337+0)abAB (20.742.1)abA
CK (19.93+1.07)bA (3.82+0.78)bA (337+4)abAB (21.3£2.4)abA
3 CK CK
D
B
B D
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Table 3 Photosynthesis characteristics of late rice flag leaves of different fertilizer treatments
/ / / /
(umol'm2s™" (umol-m2s™") (umol-mol™) (umol-m2s™")
A (15.15+1.60)abA (0.30+0.14)abA (263+32)abA (4.35£1.31)abcAB
B (12.79+0.67)abA (0.15+0.02)bA (240£9)bA (2.71£0.29)cB
C (15.58+3.03)aA (0.26+0.08)abA (257+10)abA (4.03£0.97)abcAB
D (13.88+0.80)abA (0.18+0.03)bA (249+12)abA (3.07+0.37)cAB
E (12.70+2.24)abA (0.20£0.04)abA (256+9)abA (3.33£0.47)bcAB
F (14.9243.42)abA (0.24+0.11)abA (248+26)abA (3.74+1.31)abcAB
G (13.72+0.15)abA (0.3620.12)aA (270+£25)abA (4.99+1.37)abAB
CcK (11.95+1.15)bA (0.36+0.03)aA (282+18)aA (5.32+0.34)aA
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Table 4 Nitrate reductase activity in rice flag leaves of different fertilizer treatments ug/(gh)
NR NR
A (145.53£7.24)bB  (35.71£2.69)bB (19.99+1.03)abAB  (131.08+6.51)abA  (60.21£1.37)aA (37.29+0.74)cB
B (147.08+3.50)bB  (29.73+2.19)cBC ~ (19.62+1.58)bABC (127.84+4.52)bA  (58.69+2.33)abAB  (41.41£0.30)aA
C (174.54+9.01)aA  (46.73+2.68)aA (22.62+1.04)aA (132.83£2.55)abA  (56.80+0.29)bcBC  (39.22+0.92)abcAB
D (130.42+11.89) bcBC(30.34+0.67)cBC ~ (15.91£2.13)cCD  (130.28+2.90)abA  (56.91+0.75)bcABC (40.33+0.35)abAB
E (121.98+3.37) cdBC (31.43+4.36)bcBC  (18.33+1.25)bcBC  (134.44£1.68)aA (56.79+£0.41)bcBC  (38.86+0.18)bcAB
F (110.12+12.03) dC  (31.33+4.31)bcBC  (18.23+1.85)bcBC  (134.67£2.49)aA (54.98+2.28)cC (39.88+0.33)abAB
G (105.74£5.20)dC  (28.48+1.92)cC (17.61£1.76)bcBC ~ (127.19+4.16)bA (56.45+1.62)bcBC  (32.85+3.59)dC
CK ( 60.44+0.68)eD  (19.86+2.36)dD (12.12£1.22)dD ( 92.66+1.55)cB (37.19+0.74)dD (17.80+0.42)eD
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Table 5 Sucrose phosphate synthetase activity in rice flag leaves of different fertilizer treatments umol/(g-h)

SPS

SPS

A (L1240.04)bAB  (5.09+0.25)cC (22.48+0.43)aA  (2.38+0.18)aA ( 8.71£1.18)abAB  (22.73+0.18)abA
B (0.8540.10)cCD  (6.32+0.17)bB (21.70+0.87)abAB  (2.28+0.24)aA ( 8.88+0.86)abAB  (22.38+0.17)bA
C  (1.35£0.10)aA (7.914£0.38)aA (22.53:0473aA  (2.35%0.13)aA (10.05£1.20)aA  (22.91+0.36)abA
D  (1.22+0.16)abAB  (6.45+0.30)bB (21.64+0.32)abAB  (2.20+0.14)aA ( 8.96:0.28)abAB  (23.40+0.29)aA
E  (1.20£0.12)abAB  (6.58+0.60)bB (21.44£031)bAB  (2.22+0.08)aA (10.15£1.08)aA  (23.04+0.34)abA
F (1.1740.05bAB  (6.54+0.29)bB (20.94+0.74)bB  (2.22+0.42)aA (9.14+0.42)abAB  (23.35+0.17)aA
G (1.09£0.10)bBC  (6.38+0.14)bB (20.92+0.25)bB  (2.0940.06)aAB  ( 9.8740.67)aA  (22.97+0.20)abA
CK  (0.83£0.03)cD (3.62+0.13)dD (18.45:0.40)cC  (1.73£0.23)bB (7.90£0.51)bB  (18.32+1.16)cB
SPS 2
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Table 7 Contents of soluble sugar and free amino acid in rice

2.4 BHLHNBERXKTE"ES MRRFE

of different fertilization treatments

2.4.1 AAIACEA ST KASG =67 A 1% (mgkg™)
6 A (0.69+0.22) (587.24+10.7)abA
B (0.73+0.05) (577.88+7.90)abA
CK E c (0.74£0.17) (582.43+2.24)abA
D (0.66+0.14) (570.55+3.00)abA
C DBATFG E G C E (0.82:£0.28) (642.75%5.99)a)A
D 19.65% 11.97% F (0.810.13) (581.41+8.64)abA
C D G (0.87+0.31) (538.56+16.40)bA
CK (0.72+0.18) (387.41+£7.08)cB
G 20%
30% 3 GitGitit
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Table 6 Rice grain yield of different fertilization treatments

/(kg-'hm™) (18]

[19]

A (5890.53+207.45)cdC (5 830.53+139.48)aA 20
B (5976.03£200.57)cBC (5 512.49+ 21.25)bB
C  (6903.86+114.79)aA  (5756.21+ 42.41)aAB ( )
D (6460.83+277.32)bAB (5 881.47+ 50.46)aA
E  (5534.28+ 47.51)dC (5 702.82+151.27)abAB 10% 20% (
F (5861.81£12829)cdC (5 806.424127.00)aAA )
G (5770.06£170.94)cdC (5 894.90+ 84.46)aA
CK  (4028.53+391.19)eD (3 375.03% 58.69)cC (NR SPS)
2.4.2 A ARAICR A H AT A S 5 £ 20%
AR EFHHA
NR SPS

7 CK A D
NR SPS
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