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Effect of Simulated Warming on Soil and Air Temperature and Humidity in Larix gmelinii Forest in Cold Tem-
perate Zone//Wu Tianlong Ma Xiuzhi Liang Zhi( Inner Mongolia Agricultural University Hohhot 010019 P.R. Chi—
na) ; Gao Wei( Inner Mongolia Genhe Meteorological Bureau) ; Liu Yang Zhang Xiaopu( Inner Mongolia Agricultural Uni—
versity) //Journal of Northeast Forestry University 2023 51( 1) : 74-81.

The method of simulated warming in open top chambers ( OTC) is used and the two groups are set up which are the
warming group of the open top chamber ( OTC) and the control group of the control check ( CK) . Through the continuous
field in-situ observation and experiment over one year ( Nov 2019-Oct 2020) the effects of simulated warming on soil lay—
er (5 10 15 and 20 cm) and air temperature and humidity at 1.5 m above ground in Larix gmelinii forest are researched.
The results show that: ( 1) Compared with CK the average annual soil temperature ranging from 5 to 20 cm underground in
OTC shows an increase of 1.18 1.83 1.69 and 1.29 °C while the aboveground air temperature is 1.18 °C higher. The av—
erage annual soil humidity is respectively lower than CK at 2.31 1.85 1.14 and 5.07% while the air humidity shows a
reduction of 2.15%. The average annual soil temperature among different soil layers is similar without significant differ—
ences. The soil humidity of the 20 ¢m soil layer is the highest which is remarkably higher than that of other soil layers. ( 2)
The monthly average temperature of soil and air in OTC and CK suggests a tendency of decreasing before increasing. The
air temperature in OTC is higher than that of CK. The monthly average humidityof soil shows that it fluctuates greatly in the
growing season ( from June to September) and changes little in the non-growing season ( from October to May of the follow—
ing year) . ( 3) Under the simulated warming environment a wide gap exists in the soil temperature of soil layers at 5 and
10 ¢m during autumn. (4) In both OTC and CK it demonstrates an obvious difference between 15-20 and 5-10 c¢m soil
layers in terms of soil humidity on summer nights. In conclusion the open top chamber can effectively change the microcli—
mate and has a certain influence on increasing temperature and reducing the humidity of the soil layers 1.5 m above ground
and 5 10 15 and 20 ¢cm underground.
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5 cm 10 cm 15 em 20 cm
0TC (0.42+1.21) Aa (1.242.04) Aa (1.04£2.60) Aa (0.12£2.02) Aa (-2.65+0.03) a
CK (-0.76+0.91) Aa (-0.59+1.78) Aa (-0.65+0.87) Aa (-1.17+0.96) Aa (-3.83+0.09) b
+ o ( P<0.05) ;
( P<0.05) ; OTC. ; CK. ,
19.54 °C 12 -27.81 C;
“ ” 7 18.03 °C 12
o -28.67 C.
2019 2020 8 1.05%C 4
2 C
5 cm 10 cm 15 cm 20 cm
2019 11 0TC (-3.79£0.98) a (-3.08£0.07) a (-3.26:8.53) a (-3.01£1.49) a  (-19.03:2.33) a
CK (-5.32+7.91) a (-4.55:8.63) a (-3.56+1.41) a (-3.69:8.72)a  (-19.75£2.16) a
2019 12 0TC (-11.22+6.96) a (-10.92+6.90) a (-9.76+7.33) a (-8.97+7.58) a (=27.81£0.09) a
CK (-12.46+0.63) a (-12.13+0.70) a (-10.49£0.55) a (=9.96+0.47) a (-28.67+0.04) b
2020 1 0T1C (—11.42+4.54) a (=10.85+4.57) a (—10.94+4.24) a (-10.53+4.20) a (—25.66+2.41) a
CK (-12.23+1.98) a (-11.00+2.81) a (-11.01£2.20) a (-10.93:1.49) a  (-26.53£2.35)a
2000 2 oTC (-10.1420.76) a (-9.87+0.80) a (-9.82+1.28) a (-9.78+0.52) a  (-19.3422.54) a
CK (=10.66+1.20) a (=9.79£1.96) a (-9.95+£0.58) a (-9.79+1.11) a (=20.40+2.55) a
2020 3 0T1C (-5.83%2.14) a (=5.73+2.22) a (=5.64=2.21) a (=5.6x2.14) a (-8.701.07) a
CK (-6.32+1.10) a (-6.23+1.38) a (-6.02+1.16) a (-5.98+1.20) a (-10.24+1.18) a
2020 4 01C (=0.76+0.11) a (-1.110.10) a (-1.37£0.09) a (-1.32+0.08) a (3.42+0.85) a
CK (-2.31£2.36) a (-2.25+1.84) a (-2.15+1.27) a (-2.38+1.25) a (1.42+0.72) a
2020 5 0TC (2.70+0.50) a (2.18+0.11) (1.931.01) a (0.64+0.38) a (10.98+1.64) a
CK (2.200.44) a (1.70£0.03) b (1.55+0.08) a (0.54+0.06) a (9.10+1.48) a
2020 6 0TC (7.500.35) a (7.81£2.18) a (7.330.11) a (5.88+0.44) a (14.03:0.83) a
CK (7.441.45) a (7.00+0.74) a (6.92+0.40) a (5.34+0.58) a (12.530.98) a
2020 7 0TC (12.1822.04) a (13.401.34) a (11.9£0.68) a (9.54+0.59) a (19.54+0.56) a
CK (12.0120.94) a (11.52+0.32) a (11.3220.50) a (9.03+0.80) a (18.03£0.25) a
2020 8 0T1C (12.58+0.01) a (14.97+0.68) a (14.30+1.17) a (11.25%0.14) a (14.37£0.17) a
CK (12.18+1.32) a (12.72+0.45) b (13.62+0.40) a (10.63+0.38) a (13.56+0.08) b
20200 9 0TC (10.1020.38) a (11.68+0.96) a (11.921.77) a (9.22+0.25) a (9.06+0.33) a
CK (9.87£0.92) a (10.18+1.20) a (10.91£0.73) a (8.17£0.02) b (8.26+£0.65) a
2020 10 0TC (4.1420.19) a (6.38+1.66) a (6.35:1.73) a (4.14£0.51) a (-2.61£0.33) a
CK (-4.513.31) a (—4.24+3.36) b (-2.71%3.52) a (=5.07+4.46) a (-3.34+0.34) a
+ . ( P<0.05) .
3.13 ;
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12.85 13.82 C, 15 1.92.0.26 C. 5 10 cm
20 cm
13.03.9.73 C
0.89 0.29C; 11.52  9.19C o
C
5 cm 10 cm 15 cm 20 em
0TC (1.82+0.58) Ba (0.14£1.6) ABa (0.04+0.81) ABa (-0.26=0.18) Aa (11.16%6.34) a
(1.71£0.23) Ba (-0.01£1.28) Aa (0.01+0.46) Aa (=0.74£0.59) Aa (-1.75+£3.68) b
CK (-0.87=0.61) Aa (-1.21£1.17) Aa  (-1.49£1.26) Aa (-1.42=1.77) Aa (7.94x6.49) a
(-1.18=1.30) Aa (-1.44:1.49) Aa  (-1.72+1.86) Aa (-1.57+2.11) Aa (-2.30+3.89) b
0TC (12.85+3.62) Aa (13.8242.66) Aa  ( 13.0320.77) Aa (9.73+1.49) Aa (25.49£2.72) a
(12.34+3.99) Aa (13.61£2.60) Aa  (11.52+1.95) Aa (9.19+1.70) Aa (14.72+1.82) b
CK (12.81+1.34) Ba (12.52+0.03) Bb  (12.14+0.42) Ba (9.44+1.08) Aa (22.99+1.56) a
(12.17+1.47) Aa (11.61£0.36) Aa (9.60+2.61) Aa (8.93+1.37) Aa (13.90£2.12) b
0TC (2.11£2.30) Aa (4.87=0.73) Ba (3.2020.23) ABa (2.50+0.65) ABa  ( -0.24=0.02) a
(2.07£2.33) Aa (4.86=0.81) Ba (3.08+0.29) ABa (2.48+0.58) ABa  (-7.570.32) b
CK (1.1520.02) Aa (2.76=1.23) Aa (1.21=1.99) Aa (1.65%0.85) Aa (=2.0920.56) a
(1.07£0.18) Aa (2.4321.00) Aa (1.1621.92) Aa (1.58+0.90) Aa (-8.8520.58) b
0TC (-11.25:0.76) Aa  (—10.65+0.89) Aa  ( -10.67=1.39) Aa (=10.19+1.55) Aa  (-25.70+1.54) a
(-11.48+1.00) Aa  (—10.84+1.40) Aa  (-10.77=1.73) Aa (-10.37+0.62) Aa  (=31.20£2.59) b
CK (-11.93:0.58) Aa  (-10.84£0.70) Ba  ( —10.75+0.27) Ba (-10.63+0.46) Ba  (-26.66=1.71) a
(-12.10£1.54) Aa  (-10.89+2.49) Aa  (—10.91£3.25) Aa (-10.67+1.00) Aa  ( —-32.20+2.25) b
+ . ( P<0.05) ;
( P<0.05) .
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5 %
5 cm 10 cm 15 cm 20 cm
2019 11 OTC (0.34+0.09) a (0.85+0.03) a (1.96+0.57) a (3.83£0.85) a (69.72+£3.46) a
CK (0.28+0.16) a (2.59+1.50) a (2.15+0.12) a (6.49+1.15) a (70.28+4.20) a
2019 12 oTC (0.04+0.01) a (0.14£0.08) a (1.33£0.02) a (3.41£0.12) a (72.57+£0.39) a
CK (0.02+0.01) a (0.58+0.33) a (2.11£0.10) b (3.51£0.18) a (74.48+0.76) a
2020 1 OTC Oa (0.30+0.18) a (1.27£0.05) a (3.09+£0.04) a (72.79+£1.27) a
CK Oa (1.96+1.13) a (1.58+0.25) a (3.68+0.47) a (74.87+0.10) a
2020 2 OTC Oa (0.34+£0.20) a (1.43£0.01) a (3.24+0.02) a (66.76+2.32) a
CK Oa (2.08+1.20) a (1.63£0.25) a (3.71£0.42) a (68.97+2.65) a
2020 3 OTC ( 10 01) a (0.49+0.29) a (1.41£0) a (3.10£0.14) a (61.63+£2.46) a
CK (0.63+0.35) a (2.36+1.37) a (1.71£0.25) a (4.14£0.47) a (63.93+2.49) a
2020 4 OTC (1 84+0) (1.34+0) a (3.55+0) a (5.25+0) a (46.91+£5.85) a
CK (3.48+0.79) a (4.34+1.76) a (3.88+1.66) a (7.99+0.33) b (48.24£5.97) a
2020 5 oTC (4.41£0.05) a (5.12£0.55) a (8.86+1.79) a (11.71£0.04) a (49.68+10.83) a
CK (8.50+7.26) a (8.45+3.72) a (10.19£11.17) a (14.86+8.43) a (52.64+10.95) a
2020 6 oTC (4.60+1.23) a (5.92+0.15) a (12.23£5.18) a (19.42+1.50) a (69.68+3.92) a
CK (8.70+4.00) a (10.82+2.43) a (12.57x8.13) a (22.84+9.86) a (74.02+£2.70) a
2020 7 OTC (4.97+1.37) a (5.37£0.19) a (11.35+4.97) a (19.37+1.33) a (73.17+£6.56) a
CK (6.73+3.10) a (11.21+£3.47) a (11.80+3.29) a (25.53+4.30) a (77.42+5.44) a
2020 8 OTC (7.68+1.03) a (7.69+1.42) a (13.89+£2.90) a (20.76+0.15) a (88.18+3.07) a
CK (10.11£0.95) a (12.21+6.56) a (14.66+0.71) a (32.23+£0.04) b (90.06+2.08) a
2020 9 OTC (7.36+0.24) a (7.88+1.10) a (13.92+3.25) a (20.79+0.09) a (80.87+1.89) a
CK (10.41£1.97) a (13.41+7.21) a (15.07£1.02) a (31.93+£0.71) b (82.39+£1.67) a
2020 10 oTC (6.27+2.28) a (6.20£3.12) a (12.93£1.69) a (20.21+0.11) a (76.45+2.81) a
CK (7.09+1.11) a (6.92+0.92) a (13.53+1.88) a (31.49+0.42) b (76.92+1.78) a
+ o ( P<0.05) ;
( P<0.05) .
OTC cm
5.91%; CK o
8.34%.8.97%
5.71% o 5.10.15.20 20.04% 32.47%
%
5 cm 10 cm 15 cm 20 cm
OTC (1.62+0.35) Aa (1.19+0.15) A. (3.30+1.48) B (4.91£0.47) C (33.93£10.7) a
(1.68+0.23) Aa (1.21£0.12) A (3.35£1.57) B (4.95+0.49) C (60.26+7.46) b
CK (4.58+2.54) Aa (5.19£3.93) A (4.34+£2.03) A (8.25+£0.04) A (34.14£13.15) a
(5.01£2.92) Aa (5.22+£3.94) A (5.00£1.42) A (8.33+£0.11) A (61.26+7.90) b
OTC (5.06+2.68) Aa (5.43+4.34) A (12.14£5.36) ABa (18.98+2.95) B (62.31£14.72) a
(5.10£2.67) Aa (5.56+4.46) A (12.78+4.85) B (19.26+£2.71) B (84.07+5.78) b
CK (6.39£6.02) Aa (6.44+0.45) A (17.05+3.53) ABa (25.54+8.81) Ba (66.83£11.64) a
(6.51£5.95) Aa (6.55+0.55) A (18.00+2.88) B (26.18+8.42) Ba (89.74+2.20) b
OTC (6.33£0.26) Aa (6.00+1.14) A. (13.51£2.77) B (19.92+0.53) Ca (67.98+6.65) a
(6.56+0.23) Aa (6.10£1.17) A (14.38+£2.19) B (19.94+0.53) C. (82.93+5.68) b
CK (8.14£5.63) Aa (8.86+£5.99) A (19.99+0.82) B (32.41£0.79) Ca (68.73£5.08) a
(8.34+5.48) Aa (8.97+5.69) A. (20.04+0.75) B (32.47+1.00) Ca (84.06+4.59) b
OTC 0Aa (0.30+£0.30) A (1.17+£0.83) B (2.98+0.14) Ca (71.73£2.58) a
0Aa (0.50+0.50) ABa (1.19+£0.83) B (2.98+0.14) Ca (72.03£0.57) a
CK 0Aa (1.94+1.68) ABa (1.60+0.24) ABa (3.67+£0.84) Ba (73.77+£2.11) a
0Aa (1.97+1.66) ABa (1.70£0.33) ABa (3.69+0.85) Ba (75.00+£1.00) a
+ . ( P<0.05) ;
( P<0.05) .
33 2019 11 —2020 10 1a
1.2 N
Y N ;o 69
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