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Effects of differently treated manures on rice growth and greenhouse gas
emission™
ZHOU Beibei*?, WANG Yiming' & LIN Xiangui®*™

!State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China
“University of Chinese Academy of Sciences, Beijing 100049, China

An 18-week greenhouse pot experiment was conducted to compare the effects of non-composted manure (NCM),
commonly composted manure (CCM), and rapidly composted manure (RCM) on rice yield, NPK use efficiency and paddy
CH, and N,O emissions, with the treatment of no fertilizer as control. The NPK concentrations of rice straw and grain were
measured to investigate the nutrient use efficiency of different treatments. The closed chamber method was used to monitor
CH, and N,O emissions during rice growth. In comparison with NCM and CCM amendments, equal amount- and equal
nitrogen (N)-RCM amendments significantly (P < 0.05) enhanced rice growth by 38.72% and 35.80%, respectively, and at
the same time increased grain yield by 44.67% and 41.63%, respectively. Both equal amount- and equal N-RCM amendments
significantly increased apparent recovery efficiency (RE) and agronomic efficiency (AE) of NPK, and significantly improved
nutrients absorption (P < 0.05). CCM amendment did not increase CH, or N,O emissions, and the greenhouse gas intensity
(GHGI) was also the lowest. On the contrary, NCM amendment resulted in significant increase of CH, emission (P < 0.05)
and a little increase in N,O emission. The GHGI of NCM treatment was the highest. RCM amendment could significantly
mitigate CH, emission (P < 0.05) but had the potential to increase N,O emission. However, in comparison with NCM treatment,
equal amount- and equal N-RCM amendments significantly decreased GHGIs by 61.40% and 68.29%, respectively. The result
indicated that compared to NCM, RCM application can not only significantly enhance rice growth and increase grain yield, but
also significantly decrease both CH, emission and GHGI. In addition, the production of RCM is rapid (2-3 h). Therefore, the
handling method of RCM is worth expansion in livestock manure treatment.
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23.07 mg/kg pH 7.30.
2.
1

Table 1 Characteristics of the RCM and NCM comparing to the organic
fertilizer standard

Characteristic RCM NCM Standard
Organic matter (w/%) 57.87 57.37 >45
Total nutrient (w/%) 718 6.17 >5
Fecal coliforms (n/g™) 0 1.4 x 10° <100
Coliforms (n/g™) 0 1.4 x 10° -
Salmonella (n/g™) 0 1.5 x 10° -
2
Table 2 Chemical properties of manures treated with different methods
TOC TN TP TK
Manure wigkgh)  (wigkgh) (wigkg") (wigkg?) pH
(NCM) 332.75 17.26 12.66 12.78 7.80
(CCM™M) 362.73 16.41 13.66 13.26 7.59
(RCM) 335.68 32.65 10.19 11.50 6.67

NCM: Non-composted manure; CCM: Commonly composted manure; RCM:
Rapidly composted manure.

12
5 4 .
CK NCM
CCM RCM
RCMN . NCM CCM RCM
1% RCMN RCM
47% NCM
5mm 7 kg

composted manure NCM
manure CCM
RCM 3

CH, N,0

Commonly composted 24 cm x 20 x 20 cm

Rapidly composted manure 3cm. 7d 2014 6 26
7 28 -8 3 10 27
1
13
PVC 25 cm x 21 cm x 80 cm
1 1 1

8:00-10:00
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. 0 5 10 20 30 min
20 mL

18 mL
. CH, N,0 5 2.1
CH, 3
N,O . RCM RCMN
. NCM CCM 4.4 6.9
CH, N,O Agilent7890
- CH, FID 24.58%-68.64%
250 55 N,O
ECD 350 55 N, 40 mL/ .
min H, 40 mL/min 380 mL/ 3 RCM RCMN NCM
min . CCM 35.14% 20.27%.
RCM RCMN
NPK NCM CCM
H,S0,-H,0, RCMN
251 CK
14
Partial factor productivity PFP
/ .
Agronomic efficiency AE
- / .
Physiological efficiency PE
- /
Apparent recovery efficiency RE
- [ 22
[26-27]
CH, N,O F PFP
F=p > VIA > dc/dt < 273/T
mgm?h? CH, mgm2h’ NON p 4. RCMN 43.10 kg/kg
<0.
CH, N,O-N 0.714 kg/m* CH,  1.25kg/ P<005 CCM NCM RCM
m NON _V A 34.44% 36.01% 84.74%. Dobermann
2 , 40-70 kg/kg ?! RCMN
m dc’_‘ft . CH. N0 PFP RCMN RCM
pLL™h™ CH, N,O T _45.9% RCM
K. RCMN
Microsoft Excel 2007  SPSS 13.0
Tukey P < 0.05
Microsoft Excel 2007 Origin 8.5 P <0.05 RCMN
3
Table 3 Effects of differently treated manures on tillering and dry matter production of rice
Dry matter (m/g pot™) Dry matter distribution (r/%)
Treatment Tillering
grain straw root total grain straw root
CK 1150 ¢ 34.14c 3163 ¢ 3.96¢ 68.15¢ 4958 a 44.41 Db 6.02b
NCM 14.75b 38.38b 40.16 b 7.33a 84.90 b 44.10b 47.27ab 8.63a
CCM 1475b 36.80 bc 41.21b 6.51b 84.98b 43.27b 48.53a 819a
RCM 20.00 a 53.24a 54.67 a 7.05 ab 114.93 a 46.34 ab 47.55 ab 6.11b
RCMN 17.75a 52.12a 50.64 a 715a 108.20 a 48.45 a 45.16 ab 6.39 b

NCM: Non-composted manure; CCM: Commonly composted manure; RCM: Rapidly composted manure; RCMN: Rapidly composted manure (equal N with

NCM treatment).
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Table 4 Effects of differently treated manures on nutrient uptake and recovery of rice

Nutrient Treatment PFP (P/kg kg™) AE (E/kg kg™ PE (E/kg kg™) RE (E/%)

NCM 31.69+0.93b 477+093¢c 31.58+2.57h 13.57+0.23 ¢

N CCM 32.06+2.60b 5.82+1.12bc 37.38+1.64a 1599+33lc
RCM 23.33+0.53 ¢ 9.04+0.53b 20.75+0.99¢ 42.27+150b
RCMN 4310+ 197a 16.14+1.97 a 3717+ 2.68 ab 4758 £0.30 a
NCM 18.07+£0.93 ¢ 2.85+£0.56¢C 9745+ 759 a 319+0.64b

P CCM 16.80+1.36 C 3.05+0.59¢c 105.70 £ 16.77 a 319+0.73b
RCM 32.26+0.44b 12.31+0.44b 69.35+6.66 b 18.35+1.98a
RCMN 60.20+2.75a 2255+275a 98.59 £8.17 a 2178 +2.19a
NCM 35.60+1.05¢c 536 +1.05¢c 19.69 +5.95 bc 3275+ 0.65¢C

K CCM 3290+2.67cC 597+115¢c 1772 +£0.87¢c 33.58+4.85¢
RCM 54.88+1.25b 21.74+1.02b 2917 £1.97 ab 73.37+8.26b
RCMN 101.37£4.63a 4544 +890a 34.89+2.68a 107.39 + 11.53 a

NCM: Non-composted manure; CCM: Commonly composted manure; RCM: Rapidly composted manure; RCMN: Rapidly composted manure (equal N with
NCM treatment). PFP: Partial factor productivity; AE: Agronomic efficiency; PE: Physiological efficiency; RE: Apparent recovery efficiency.

AE
4 RCM RCMN
9.04 16.14 kg/kg 12.31 22.55kg/kg 21.74
45.44 kglkg P
< 0.05 RCMN . RCMN
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338 277 179 791 739 183 848 7.61 2.09
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29.17 kg/kg 34.89 kg/kg P >0.05

NCM 19.69kg/lkg CCM 17.72 kg/kg .
RE
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P <005 NCM CCM
P >0.05 .
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3 AE PE RE
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1.37 mgm?h? ] [ 12.31 £2.04 mg m?h']
CH, [ 285+0.62 mgm?
h™] CH, CH, : 2
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&2, [ 6.81+0.93 mgm?h?] [ 478
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CH,
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CH, N,O CH,
CH,
. NCM CH, 66.20%
N,O 1B N,O
N,O N,O 0.68 g/m? 0.55 g/m?
N,O 1.24
N,O Global warming potential GWP
[33-34]
N,O B3 100 CH, N,0
N,O P <0.05 GWP Co, 298 1 kg/hm? CO, GWP
2.4 1 CH, N,0 GWP CH, N,0
CH, N,0 Co, Eg-CO,
CH, N,0 ,
5 CH, N,0 CH, N,0 GWP
CH, CH, NCM > RCM > RCMN > CK > CCM.
18.43 g/m? N,O
—Oo— NCM * CCM = RCM~™¥——RCMN—*—(CK
8 8
=
c
2 ~ 3
S L)
o, &
Z = 14
;" \),\)6:
%().()3-
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-0.03 <
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Fig. 1 CH, (A) and N,O (B) emission fluxes of different treatments.

5
Table 5 GHG emission, GWP and GHGI of different treatments
CH, (plgm?) N0 (plgm?)
Cumulative CH, emission Cumulative N,O emission 2 1
Treatment CH, Eq-CO, N,0 Eq-CO, (Eg-CO,, GWP/g m™) (Eq-CO,, GHGl/g g")
CK 6.79+0.86 b 169.74 + 21.44 b 0.39+0.16b 11671+ 4779 b 286.45 + 31.70 bc 7.58+1.08b
NCM 18.43+3.29a 495.34 £54.27 a 0.55+0.18 ab 164.27 +53.04 ab 646.31+72.20 a 17.28+1.37a
CCM 505+172b 105.06 £ 9.50 b 0.38£0.09 b 112.51+26.69b 191.31+36.61¢c 551+1.03¢c
RCM 6.23+£0.81b 155.82 +20.29 b 0.68+0.14a 202.23+41.01a 358.06 +28.24 b 6.67 + 0.58 bc
RCMN 6.00+0.52 b 150.00 + 13.07 b 0.62+0.19 ab 184.64 +57.83 ab 334.64 +£44.89 b 548 +0.18 ¢

P<0.05 .

Lowercase letters indicate significant difference (P < 0.05). GWP: Global warming potential; GHGI: Greenhouse gas intensity.
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