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Mechanisms of hyperthermophilic compost application in improving soil
nutrient availability and rice yield
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Abstract: [ Objectives ] Due to short fermentation time, the hyperthermophilic compost (HTC) is rich in
nitrogen and small organic compounds. The effect of HTC application on the growth and yield of rice was studied
for the safe and effective use of HTC. [ Methods ] Two seasons of pot experiment were conducted using rice as
tested crop. Five treatments were designed, including: zero-nitrogen control (NO); 100% chemical fertilizer (CF);
and replacing 20% of the chemical N with conventional compost (CvC), raw fermented material (FRM) and

hyperthermophilic compost (HTC). The growth, yield of rice, nutrient uptake and use efficiency and soil fertility
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were measured after harvest of rice. [ Results ] Rice in HTC treatment had the highest grain yield, tiller
number, grain number per ear, grain N uptake and N recovery efficiency. In 2016 and 2017, the rice grain
yields in HTC were 25.8% and 32.8% higher than those in CF, and 22.4% and 16.5% higher than those in CvC.
The number of grains per ear in HTC was 26.8% and 37.5% higher than that in CvC in 2016 and 2017; total K
uptake in HTC was 45.5% and 33.9% higher than that in CvC in 2016 and 2017, respectively. The N recovery
efficiency in both HTC and CvC treatments was significantly higher than that in CF, and that in HTC was
significantly higher than in CvC in 2016. After rice harvest, the soil organic C content of HTC treatment was
14.4%—-42.3% higher than CK and 4.12%-26.2% higher than CvC, respectively. HTC improved significantly
soil organic C and mineral N than CvC, while the CvC was more conducive to maintaining higher soil available
P content. The content of soluble organic C such as volatile organic acids and free amino acids in HTC was
significantly higher than that of CvC, so the HTC treated soil had the highest average well color development
(AWCD) and the strongest microbial activity. CvC treatment increased the utilization of carbohydrates and
amines, while and the utilization of carboxylic acids and amino acids were enhanced by HTC treatment. There
was a significant positive relationship between rice yield and soil EC, organic C, total N contents and AWCD
values. Soil mineral N and plant K accumulation were significantly and positively correlated with soil total N
and AWCD values. [ Conclusions ] Although the HTC is less matured than CvC, the time needed in the process
is significantly shortened and the temperature is higher to ensure more efficient disinfection of harmful
microorganisms. At the 20% N replacement level, the application of HTC is more efficient to enhance rice yield
and nitrogen recovery efficiency compared to CvC, which should be related to increased potassium utilization of
rice and higher retention of soil mineral nitrogen and microbial activity.

Key words: hyperthermophilic composting; rice, nitrogen recovery efficiency; BIOLOG; compost;
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Table 1 Properties of the tested raw materials and composts

AA LK

FER IR R K4y GRS ) BA sy psy:l
EERIR 7/ : ) Total organic
. Fecal coliform Moisture EC Total N Total P Total K
Materials and composts ] carbon
bacteria value (%) (uS/cm) (g/kg) (g/kg) (g/kg)
(g/kg)
K WENUE} Feedstock 0.04 65.14 7.17 127.1 396.4 30.50 16.1 10.40
TR R HE AT
. 0.40 45.97 216.3 368.3 29.70 28.3 12.70
Hyperthermophilic compost
S RGN
. 0.40 31.60 309.5 406.1 20.06 15.7 9.81
Conventional compost
LA Pk RAER AR . . " L
. . AR AR Rk SRR W R
EEpIR b Dissolved Total volatile ) . ) )
. . L NH,*-N  Free amino acid Humus C Humic C  Fulvic C
Materials and composts organic carbon organic acid
(g/kg) (g/kg) (gkg) (gkg) (g/kg)
(g/kg) (g/kg)
KI5 Feedstocks 39.40 2.12 3.85 0.31 112.0 27.0 68.0
R AR
. 48.40 335 5.41 1.19 143.0 33.0 116.0
Hyperthermophilic compost
AL
4.05 0.30 0.98 0.89 105.6 96.7 18.9

Conventional compost
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F2 2016, 2017 EAREFERLIEKFEEKREKIEIRL =2

Table 2 Plant growth indexes and yield of rice under different fertilization treatments in 2016 and 2017

Aby #f# Plant height (cm) 74 BERL Tiller number per hole 7= it Yield (g/plant)
Treatment 2016 2017 2016 2017 2016 2017

NO 69.0+49b 702+19b 63+19d 50+33¢c 19.2+6.6¢ 18.7+3.0c¢

CF 76.2+39a 77.2+4.1 ab 9.4+0.9cd 122+1.1b 36.5+62b 332+6.4Db

CvC 75.6+3.1 ab 76.0 £4.2 ab 13.6 3.7 ab 142+15a 373+19ab 38.0+4.7 ab

FRM 75.6£5.1 ab 76.2+4.4 ab 10.6 £2.7 bc 11.8+£25b 351+£2.20b 33.6+2.3Db

HTC 77.6+5.7a 78.0+£6.6a 158+33a 148+13a 459+82a 44.1+4.1a

i (Note) : NO—AJiE ALK IR Zero-N control; CF—100% LA AL 100% chemical fertilizer; CvC—80% fLALAL + 20% i A HLAL A
Replacing 20% of the chemical N with conventional compost; FRM—80% LA + 20% &5k A Replacing 20% of the chemical N with
fermented raw martials; HTC—80% LA + 20% #8 =R HENL A Replacing 20% of the chemical N with hyperthermophilic compost. [E51 % /5
REIFHREFR AL ) 2% 5 2 (P < 0.05) Values followed by different small letters in a column mean significant difference among treatments (P <
0.05).

&3 TEITEABALEEKFEAFRL = B AR

Table 3 Grain yield components of rice underf different fertilization treatments

Lb 3 FFHRAEEL Ear number per plant T#URIZL Grain number per ear HRIFE 100-grain weight (g)
Treatment 2016 2017 2016 2017 2016 2017

NO 4+2b 3+2b 98 +26Db 92+24Db 231+0.08a 2.26£0.06 a

CF 11+2a 10+2a 123+ 17 ab 119+15b 2.34+007 a 2.38+£0.05a

CvC 11+3a 11+3a 112+ 13b 96+21Db 2.45+0.09 a 2.43+£0.04a

FRM 12+3a 11+£2a 111+16b 109+30b 2.38+0.08a 240+£0.05a

HTC 13+3a 13+4a 142+22a 132+20a 2.46+0.09 a 2.36 £0.06 a

T (Note) : NO— Al ENERT AR Zero-N control; CF—100% fLIE% 100% chemical fertilizer; CvC—80% LA + 20% i@ A HUEA
Replacing 20% of the chemical N with conventional compost; FRM—80% fLHE% + 20% & E2JFUEL % Replacing 20% of the chemical N with
fermented raw martials; HTC—80% AR + 20% #B = iR HEAL &L Replacing 20% of the chemical N with hyperthermophilic compost. [R5 5
AR R b #2555 .3 (P < 0.05) Values followed by different small letters in a column mean significant difference among treatments (P <
0.05).

*4 TRIFEBLIEKFE S ERM Aot &5t

Table 4 Photosynthetic properties of rice leaves at tillering stage under different fertilization treatments

WbTH Treatment  YGEH# P, [umol/ (m?-s)]  SALFE G, [mmol / (m?s)]  Mfifd] CO, HeFE C, (wmol /mol)  ZEREHZ T, [mmol/ (m?-s)]

NO 622+1.0b 0.15+0.02b 3822+ 12.1a 2.18+0.5b
CF 825+ 1.8ab 0.25+0.07 ab 379.6+133a 324+0.5ab
CvC 953+18a 034+0.10a 384.6+232a 375+1.0a
FRM 1041+13a 0.31+0.09a 375.6+19.1a 374+09a
HTC 9.60+0.7a 0.30+0.06 a 386.2+15.6a 3.68+09a

# (Note) : NO—ANJiliZEXT I Zero-N control; CF—100% fLAE%L 100% chemical fertilizer; CvC—80% fLIEZ( + 20% il A HLAL A
Replacing 20% of the chemical N with conventional compost; FRM—80% fbIE % + 20% A JFEHA Replacing 20% of the chemical N with
fermented raw martials; HTC—80% AR + 20% #B = iR HEAL & Replacing 20% of the chemical N with hyperthermophilic compost. [R5 5
RRIFHRFRRAE PR 22 5 B3 (P < 0.05) Values followed by different small letters mean significant difference among treatments (P < 0.05).

i AE P A AR U 0 R 40 e AR T A AL h# 6 WL, CF. CvC Fl HTC b3 [a] /K Fg ki ik
HE, it P 3 38 A L AE A X T 2t Ak AR R s o e TR ETREEES; CvC F HTC AR ZHE
AR BAY, WEFEEST CF4M; CE. CvC Fl HTC kb
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Table 5 Effects of different fertilization treatments on contents of N, P, K in the grain and plant of rice

LR b KA Grain Pk Plant

Year Treatment N P K N P K

2016 NO 17.0£0.77b 141+£0.12b 4.67+0.04a 9.17+£0.98 ¢ 1.13+£0.05a 11.40+0.34 ¢
CF 18.1£0.81 ab 1.53+0.08 a 4.61+0.10a 10.89+1.38bc  1.07+0.06 a 13.37+0.76 b
CvC 18.3+£2.05ab 1.38+£0.20b 4.70+0.03 a 11.52+1.02b 1.11+0.06 a 1435+ 1.11b
FRM 19.1 £ 1.68 ab 1.45+0.06 a 475+0.09a 11.77+133ab 1.20+£0.10a 13.60 £0.58 b
HTC 193+1.55a 1.55+0.07 a 4.64+0.08 a 1271+ 1.02a 1.21+0.17a 16.64 £ 0.65 a

2017 NO 12.2+0.09b 1.08 £ 0.04 be 4.60+0.04 a 5.10+0.41 ¢ 1.20+0.04ab 1598+0.52b
CF 13.4+0.04 a 1.02 £ 0.06 be 4.84+0.10a 6.81£0.94b 1.14+0.02ab 16.00+0.39b
CvC 15.4+0.03 a 0.96 +£0.04 ¢ 4.80+0.03a 11.31+1.09 a 124+0.09ab 14.66+0.27b
FRM 142+0.05a 1.28+0.11b 4.82+0.09a 10.17+0.74 a 1.28£0.06 a 17.46 £ 0.64 a
HTC 13.5+0.09 a 1.56 +0.14 a 4.80+0.08 a 11.23+0.63 a 1.07+£0.07b 18.06 +0.27 a

IE (Note) : NO—ANJili BN F& Zero-N control; CF—100% fLAEZ 100% chemical fertilizer; CvC—80% fLALAL + 20% A ML A
Replacing 20% of the chemical N with conventional compost; FRM—80% fLALZ + 20% & EEEUEH A Replacing 20% of the chemical N with
fermented raw martials; HTC—80% fbAEZ( + 20% # = IR HEAL & Replacing 20% of the chemical N with hyperthermophilic compost. [RIZ1 %45 5
AR FHEFOR B — 4 AN [E AL H E) 22 573 B3 (P < 0.05) Values followed by different small letters in a column mean significant difference among

treatments in the same year (P < 0.05).

*6 TEMBLETKEEKRTYRAE, 8. #roRRERAREEER

Table 6 Accumulation of N, P, K and dry biomass in the plants, and nitrogen recovery rate of rice

under different fertilization treatments

A Ak ¥%ﬁi@m@ N (&/pot) P (@/pot) K (g/po) AR (%)
Year Treatment Dry biomass N recovery rate
2016 NO 177.22+18.29b 1.77+£0.25 ¢ 0.25+0.021b 1.89+0.19¢
CF 257.69+11.66 a 3.07+£0.43b 0.29 £ 0.005 a 3.12+0.09b 30.0+3.12¢
CvC 296.52 £ 18.76 a 370+ 0.32a 0.32+0.020a 3.39+£0.18b 44.64+431b
FRM 257.28+£20.52a 3.28+0.32b 0.32+0.020a 3.19+£0.29 ab 35.00+£2.32¢
HTC 306.15+21.83 a 419+026a 0.38£0.030 a 454+036a 5597+345a
2017 NO 179.89 +£20.28 ¢ 1.13+£0.14 ¢ 0.27+£0.019b 2.61+0.19¢
CF 260.74 + 12.46 ab 2.06+023b 0.37+0.008 a 3.67+£0.09b 21.48+432b
CvC 265.49 £ 16.47 ab 3.15£021a 0.39+0.016a 3.54+0.18b 46.67+3.67a
FRM 246.49 £ 15.77b 2.67+0.29b 0.39+0.013 a 3.91+0.29 ab 35.67+0.56b
HTC 288.99 +£19.89 a 336+0.25a 0.40 £0.039 a 436+036a 51.68+0.48 a

i (Note) : NO—AJiE ALK IR Zero-N control; CF—100% fLARA, 100% chemical fertilizer; CvC—80% fLALAL + 20% ¥ A HLAL A
Replacing 20% of the chemical N with conventional compost; FRM—80% LA + 20% &5k A Replacing 20% of the chemical N with
fermented raw martials; HTC—80% fLAEZ( + 20% # = IR HE AL & Replacing 20% of the chemical N with hyperthermophilic compost. [FIZ %35 5
AR FAEFIR R — A3 R RIAL B 22 57 8 3 (P < 0.05) Values followed by different small letters in a column mean significant difference among

treatments in the same year (P < 0.05).

PR RAE O 25 5% HTC A FRA RARE 3%
BT CvC. CF4b¥E, 2016, 2017 4F HTC Ab ¥Rt 4
HFE SR CvC A FRE 45.5% . 33.9% (P<0.05),
1M CvC 5 CF Ab#iZ R AR E; CvC F1 HTC A FEAY

REMWCR B E ST CF AP, HTC AbF 8 5T
CvC Kb (2016 4F) . BEHAAHLICHLIE B it AT 42 /=5 A&
Rk, e SR AL, B
P AR, T A R TR
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Table 7 Soil pH, EC and nutrient contents at harvest of rice under different fertilization treatments

b3 EC HHUK (z/kg) A (gkg)  TIRA (mgkg) AXEE (mgkg) A (mg/ke)
Treatment pH (uS/cm) Organic C Total N Mineral N Available P Available K
2016
NO 6.624005d 11546+396d 1138+1.09¢  1.04+£0.13b  19.01+045c 84.15+4.11c 188.13+196a
CF 67840.03¢c  14521+1629¢ 12.13£0.61bc 1.10£0.11ab 19.12+136¢c 8278+3.05¢c 158.92+432a
e 7.004001b  17893+1222b 1333+0.65ab 127+001a  21454045b 13516+ 1.18a 152444693 a
FRM 71640052  209.52+£2648a 13.63£031a  127+008a  2578+142a 11223+7.60b 161.79+196a
HTC 6.89+0.17bc 212.67+£9.73a 13.88+0.13a  126+0.04ab 2699+132a 90.16+287c 186.00+16.09a
2017
NO 6744007d  10558+174c 10.54+108c  1.08£0.05c  2618+1.02b 8134+092c 14436+ 143a
CF 6.8940.04c 109.11+2.56¢ 10.16£0.53¢c  120£024bc  2678+1.67b 81.67+130c 15126+ 1.52a
ave 6.8940.02¢c 181.75+2.13ab 1146+070bc 146+005a  3044+053b  106+1.68a 148.01+6.80a
FRM 7154001a  171.15+£3.55b  13.84£093ab 1.36+003ab 27.94+195b 8841+0.77b 144.97+240a
HTC 6.9940.04b 19126+1.99a 1446+058a  147+008a  48.15+8.66a 8626+2.82bc 143.97+2.09a

7 (Note ) : NO—ANJiE A AL IR Zero-N control; CF—100% fLAEA 100% chemical fertilizer; CvC—80% fLAR A + 20% -l A HLAL A
Replacing 20% of the chemical N with conventional compost; FRM—80% fLAEZ + 20% A BZEKI A Replacing 20% of the chemical N with
fermented raw martials; HTC—80% fLAEZ( + 20% # = IR HE AL & Replacing 20% of the chemical N with hyperthermophilic compost. [Fl%1 %355
AR RN [Rl—AE A AN [RI AL B ) 22 53 .2 (P < 0.05) Values followed by different small letters in a column mean significant difference among

treatments in the same year (P < 0.05).



488 W E 37 5K A2 ) 26 4
12 r 2016 =No L2 2017
1.0
0.8
8 0.6
=
< 0.4
0.2
0
0 24 48 72 96 120 144 168 0 24 48 72 96 120 144 168
1 F£ 04[] Incubation time (h)
B 1 TEHEARLIE T TR EE R R G FH TR (AWCD) BEEFRAER L
Fig. 1 Dynamics of average well color development (AWCD) of soil microbial community with incubation time
under different fertilization treatments
[7£ (Note) : NO—AJiti ZNEXF B Zero-N control; CF—100% fLAM% 100% chemical fertilizer; CvC—80% LA + 20% 38 A4 MU &

Replacing 20% of the chemical N with conventional compost;

FRM—80% fLHIE AL + 20% K 5k Replacing 20% of the chemical N with

fermented raw martials; HTC—80% fLALAL +20% it = i HEAL AL Replacing 20% of the chemical N with hyperthermophilic compost.]

25 2016

2.0 f a

TR R 2 (%)
Rate of carbon source utilization

IAANEATIREARANUARARONRARONRARRNRNNNY

a
\
\
LN
\
N &
N E
1PN
\
\
N
N

B
K

AANNNNNNNNNNNNNNNNNN G
\NANNNNNNNNRNRNNRNNRNRNNNY

compounds

g K3 Kg K& Ks K2
£5 B: Re ®g @ E2
25 Ko WNZ < WMo &2
~< = g ~
X2 7 = Wz
By E 2
o %

o)

25 12017 @ No
3 CF
L acvC
20 B FRM
EHTC
15 b
a
N
B N
10 12N ’ 2§
PN ? N
N B 2 N
0.5 N ? N
N 2 N
N Z N
N 7 N
N 2 N
o LN ERLON BN B DR N BN B
RE KE HE KE KL K23
g 8% kg Hg HY E25
iﬁs e W3 < Wo EZ2a
2 & = Ke g
By 3 < &
© s
&

2 AEIFEARANIE TIEEEF 120 h B MESE S ERIRAOFI A E
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Table 8 Regression analysis of rice yield and other soil indexes under different fertilization treatments

A48 1 Dependent variable (y)

H 745 Independent variable (x)

[8]) 75 #& Regression equation R?

JKREF= 2 Rice yield + i $K Soil EC

FIEH LK Soil organic C

+ 344 Soil total N

+3% AWCD 1 Soil AWCD

y=545+0.177x 0.7999 (P = 0.006)

Y=-14.51+3.90x 0.665 (P =0.036)
y=-18.69 +42.45x 0.705 (P =0.023)

y=19.48 +40.52x 0.819 (P =0.004)
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