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Effects of ground temperature regulation on dynamic changes in
turf nutrients under high-temperature stress conditions

ZHANG Ya’nan', LI Fucui', JIA Chenyan’, FAN Zhihao', TANG Bin',
WANG Menghanl, CHEN Jiabao', HAN Liebao'
(1. Turfgrass Research Institute, Beijing Forestry University, Beijing 100083, China;
2. Inner Mongolia M-Grass Ecology And Environment (Group) Co., Ltd., Hohhot 010010, Inner Mongolia, China)
Abstract: To study the effects of ground temperature regulation on the dynamic changes in lawn nutrients under high-
temperature stress conditions, we used bentgrass and the natural environment as the test material and control, respectively.
The soil temperature was controlled at 27, 24, and 21 ‘C at 20 cm underground as treatments to study their effects on
turfgrass nutrient absorption, turf soil nutrient dynamic changes, and soil microbial and enzyme activities. The results

indicated that cooling promoted the growth of bentgrass and increased the lawn biomass. Nitrogen and phosphorus uptake by
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turfgrass significantly increased, and the increasing effect was strongest at 21 ‘C, with the aboveground and underground
biomass being increased by 44.3% and 220.7%, respectively, compared with that in the control. Nitrogen and phosphorus
uptake in the underground part increased by 147.9% and 179.3%, respectively. The content of mineral nitrogen in soil
decreased, and the highest decrease in the 10— 20 cm soil layer was 48.45% at 24 C. The content of available P in soil
increased, and the highest increase was 82.5% in the 0— 10 cm soil layer at 21 “C. The soil microbial biomass carbon content
increased first and then decreased with an increase in the cooling range, whereas the soil microbial biomass nitrogen content
decreased first and then increased in the 10— 20 cm soil layer. The activities of enzymes related to soil C, N, and P cycles
were generally affected by cooling treatment. In conclusion, soil temperature regulation in summer promotes the growth of
bentgrass and uptake of nutrients in the soil by turfgrass, affects the activities of enzymes related to soil C, N, and P cycles,
and changes the availability of corresponding nutrients. In addition, it is suggested to serve as a supplement to nitrogen

fertilizer after cooling in summer.

Keywords: bentgrass; high-temperature stress; ground temperature regulation; nutrient uptake; dynamic change in nutrients;

microbial biomass; enzyme activity
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4 E i #E . Sardans 257 BF 5 R IR, i 7 2
7 242 1) 15 U 2 6 R P 7K 90 3 R, A AR A R i
R HE A WA B 58 2 W P T S A i
S TR, FLRR SR AR B 2 13 T,
P AT L, v T 0 R PR B R 2 A B g e T 2 AR

TR o Gl E AR H AR, A HL N AN
FIr b P 24 558 3L B A B 22 S, T BLAE K8 43 4 O R A
FEH A o BRI R L B R B, A B A R
B P, MR bR LR B A K K E
KU, MR £ A A 0 A K, AT X e A
(N Y A RN 1= &t oL (SN 1B e
AR KR BT R A T e
X A K A A ) R A e U, B R
T A BRAR W R A5 T I 08 e - 5 5 40 £k ) 5
i 2, 76 e T SR P AR AR 0 UL £
fife 7 3, 20 BEEE R 2y o WA A AT 52 v H R A

I, AHIE 7T DL ) B 35 B R (Agrostis stolonifera)
PR OB SN G, dE MR A R R R BB
AT R, KA E F iR E T A R T
o U Ak 3 0 B B 5 43 B A AR AL I 2 e, DL Dl
Hi IR 5 R Gt 1Az B 3 B PR S B I 4 Ak R ik
WK .

1R ik

1.1 X IG MR

TR0 M AL F A S T IE S R R BRI . EEE
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T

40 35

WERN41C, 7TH A FHEREHN 26 C. &
SETCFE 1 180~200 d, 4FFF /K& 600 mm LA b . 5%
A S AR AL R nER 1 BT
1.2 It

PRI W 3 AN A R B AL P2 R 20 om Ab iR FE
TRFFTE 27, 24, 21 °C, 55 LA H SRR E XTI (CK),
AR BRE R 4 K, 16 ANNX, ANNXTH
AR 5m’ (1 mx5m), BEHA 80 m’. T 2021 47
H 13 HIFeERE, 8 H 13 HR&E 0—10 f110—20 cm
1 R PIRE AT I E

PRI A 2 P 75 95 R G MR R iR R griE ],
TR R G046 R IR B AR A | R A i) % A0 Hh
TN TE o FLUR P ) i B e o iR R A ) 2% B 3 M

T 20 om 398 I A IR AR 4 ) A TE R PR A UK (12 1C)
Sk i 75 AU, AE MR 20 om 4b 39 25 B 7R R 5 B T
Y. R M I R AR R R R (20 cm) 1
JZ (5 em), B5 A2 (10 em) %5, 1R R 2 JE A 20 cm,
HA R R aiyh, Rz H R CL S 41V (74.9%) N £
(F 2). 2019 4F 11 J % 5007 B PR 3E 47 4 38 16 B 1%
B IEIRIR 20 cm, B4 WA EEAN 20 mm. 3R 50 Hh %2
B T et B %, R U TR A R ORI B
B, FER 1~2K, B 10 min. T 2021 4F 4 A FFiE
W 58 /T AT — O A, Jii  Greenmaster Organic
HighN (N: P,05:K,0=120:5:11), fliA & X 40g'm
H ¥ T s JR R BRI 4 g4t AR A 3 100 A ot e, X
WA 4 BRI 1B PR A AT, B 1~2 d 3T —
RELEP B Y, BOPPRE S RS HIE 2.5 mm.

=1 IR MR
Table 1 Soil properties for testing

S El s E\;V t NOM: N/ NOH‘ N/ organic Available ~ Available Organic _ Total biomass biomass
| 0} Treatment t:n?"/ (m ~3k- ) f‘k_ ) ca%bon/ phosphorous/ potassium/ P carbon/ nitrogen/ carbor/  nitrosen/
erem comemth tneie ) et i (mgkg) (mgkg)  (gke) (gke) " e

(mg'kg ) (mg'kg ) (mgkg )

CK 11.72 0.65 2.00 65.4 1.78 54.1 6.33 10.58 0.71 201.2 58.8

27°C 11.77 0.51 1.70 74.9 0.94 47.6 641 10.08 0.61 626.7 553
0—10

24 °C 10.72 0.32 1.77 68.7 1.99 520 6.28 10.19 0.69 93.8 53.2

21 C 11.44 0.64 1.49 66.6 1.33 512 6.19 10.83 0.71 569.1 44.5

CK 10.31 1.08 0.62 81.1 1.69 332 634 9.19 0.51 88.1 28.3

27°C 7.94 0.60 0.67 115.6 1.77 333 630 9.16 0.46 234.2 59.6
10—12

24 °C 8.49 0.30 0.88 67.3 2.83 350 636 9.10 0.49 45.5 55.8

21°C 9.26 0.97 0.80 79.2 1.85 44.1 632 7.02 0.62 473.2 53.8

27 C. 24 °C. 21 ‘CHRIRHITF20 e &bifit BE 73 B ARFFAE2T . 24H121 'C, CKERIEWAEKINF. .
27 C, 24 'C, and 21 C indicate that the temperature at 20 cm underground was maintained at 27, 24, and 21 °C, respectively, and CK indicates the

normal growth environment. This is applicable for the following figures and tables as well.

x2 KESWH

Table 2 Particle size analysis

ezt Rtz TE

Type Particle size (PS)/mm  Content/%
HFE Fine gravel PS>2.0 43
WA Very coarse sand 1.0<PS < 2.0 1.7
P Coarse sand 0.5<PS < 1.0 19.2
F1i) Medium sand 025<PS < 0.5 417
207 Fine sand 0.1 <PS < 0.25 25.7
Bk Silt PS<0.1 7.5

1.3 MEIRFRITT A

PP R IR 73 D SE
fFREAN 3.5 em [ HEFEREA/NMX 4% 0—10 cm.
10— 20 cm Fii HLHEX 3 A 55, 43 B9 Hb b 38 L5 ¢ S0 gk
ITHEMFE AR E, 5% 3R S LR
A 105 (2 mm) $RAF, BEAT TR o KBS 1 1)
W5E o 438t 30 S AR Rk L B R
FRNBEFE T 105 C A7 2h, A5 7E 85 C NI+
ZEE, RBAEYE. BT EREEL LS5
A BR BE A (4 [E 3E o MM400 B ) B 41, R H

1.3.1
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H,S0,-H,0, V£ & J5, 18 & WA 4 B 3 91 IKE JAX
(Hanon K1100 %) | %€ 4= % (total nitrogen, TN) & &,
FH 4H B BT LL 2,92 M %€ 4= 3% (total phosphorous, TP) &
%[25] .
P 3 R O3 1 E

+ 3K E SR 105 °C B vk e s 1
pH K H CaCl, 24 —pH 11l & ; 1A% (nitrate
nitrogen, NO; -N). 4% (ammonium nitrogen, NH, -N)
8K KCLIR 58 — L 3h 70 Hr 0 22 5 3 Rk
(available phosphorous, AP) ¥ | NaHCO; % #& —
BT EL B0 I €« AT 1A MLk (dissolved organic
carbon, DOC) & & #) F & & YLK 7 ¥T 14X (Elementar
Vario TOC) il %),
1.3.3  FEPE L BRGCAE W) RN v M 0 D e

IR A Y E % (microbial biomass carbon, MBC)
N4 A W) & % (microbial biomass nitrogen, MBN) >}
S 7 R AR EN 2 P, MBS (sucrase, SC) R
F 3, 5- i K AR (DNS) be i il e, BT 4 52
458 R0 g 4 A S PR R AR AL R B 5 DNS B
AR BRA =S, HAE 540 nm A RFAE DGR,
7E— 7€ o [ 9 3 540 nm 6 I e 3G n s % b+ 158 i
WP IR LG . B-H % BE B (B-glucosidase, B-GC) g
% {4 4 %oF - 5 2 -B-D Lk R ] 267 B 2R R ) T
X - 2 2K By (PNP), % ¥ i £E 405 nm A 43 1L 't )
Yo, BT 43 2 B-GC [ T o N-2 I -B-D- F il %
Wi B (N-acetyl-B-D-glucosaminidase, NAG) 47 fi# 4-
fit§ 5 Wy -B-N-& W 0 A= 0 % W% A R0 -l 2 K Iy
(PNP), f£ 405 nm &b £ W Fo T vy 38 2, 3 W 45 3
NAGHE % K /M. =& KR A &£ MK (leucine
aminopeptidase, LAP) 7 fift L-7 % Bt %o i 22 4% fi 28 i
X 2 2K, Z W) AE 405 nm A e KW g, it
W5 6 AE T R B OR U B LAP TE 1 . TR VEBE TR
fiff (acid phosphatase, ACP) {# 1t B B2 *F A & 7K fig
(PNPP) 4= B 35 5 PNP, 1% %) Jii 7 405 nm A £ K
Wi oge, @ sk Wl AE 405 nm R B3 0 =, 1S
F] ACP %5 % K 7. SC. B-GC. NAG. LAP. ACP if
P 35 5% AR & s , 70 &0 B M A B R AR
BHEARAA .

1.4 BUIESHT

Ft 5 $4E 18 B Excel 2019 34T % B, SPSS 26 #
174811 73 M, Origin 2019 HEATE IR . K B & 5

1.3.2

7% 43 Mt (One-way ANOVA) i3t 17 4 8] 1) & 2 PE A
5% KA LSD #Hfr £ H b #, W E KPR a=0.05.

2 HR50Mr

2.1 A EIFERAEX EIFE I o IR RY =20
211 A&

7RI AL BG5BT AR
Y&, HBAE PR R s, b R AR
Tt (B 1). AR B AL (27, 24 f1 21 C) R, B
JIFESE b B AR ) R CK A 3G T 19.5%.
43.3% F1 44.3%, Hth 24,21 CHBEZEREZE (P <
0.05); Hu AW EE CK 2 53 M 17 110.3%. 143.1%
F1220.7%, K 7E21 CHRELHE TEREE P<
0.05). B9 M A H PR (AR el b 52 R A, R A B
T CK Z R ARE (P>0.05).

350 [ #F4E45 Aboveground biomass - o8

[ # R 4=47% Underground biomass o
300 |l #E L Root to shoot ratio

a a a
250 K2 Ba
200 |
150 } T ab
100 |

A5 Biomass/(g'm™)
2
HR & Et Root to shoot ratio

50

0

CK 27 °C 24°C 21 C
4b ¥ Treatment
1 FEIREEAIE B8 gERHMEMER
Figure 1 Effects of different cooling treatments on the
biomass of Agrostis stolonifera

AF NG FRER R A F A B ] 22 57 2 3 (P < 0.05); TR .
Different lowercase letters indicate significant differences among
different treatments at the 0.05 level. This is applicable for the following

figures as well.

RARMCE
2R [ AL B G N 1 B IR B M b R R
M R W, HBE & R IR R R 1 T, b B
RS WT T (B 2). 27, 24 A1 21 °C B AL
T, 05 R R B U B CK A R T
1.69%- 13.30% F120.31%; i R &R BACR CK 7351
N7 36.63%- 29.39% 1 148.87%; i F F1ith T % &
WS B IFE 21 °C ALFR R 5 CK 2 7 &2 (P <0.05).
2.1.3 R
H 2R AC RGN 7S I R T b R R

2.1.2
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[ #th k= Aboveground [ #ts k= Aboveground
~ 60 | M tT Underground a & I it ¥ Underground
E b b ﬁ ] g ab _i_
= 50 )
il %‘) _I_ ] i < 10 b i
=3 40} =2 ¢
X g = £
#% & 30 | e 2
® g a ) g 5
§D 20 < a
= b b 8 b
Z 10} b II I' E . be |I4
o LI . . Ll m [IH W
CK 27°C 24 C 21°C CK 27 C 24 °C 21 C
Kb Treatment Kb Treatment
B2 FRMKELENEEHEBEFARZRUAHENN E 3 A [EFER A IE 3 6 8 55 AR 2 5 = IR UL A0 52 1

Figure 2 Effects of different cooling treatments on nitrogen
uptake in Agrostis stolonifera

() 1ok 2 W WA B, HL B S B iR R B2 00 T v, M B )
il R W U R T v (B 3). & BRIR AR ER (27, 24 AN
21 C) ', HEFH b Z W E B CK 2 il 3 hn T
27.11%- 43.00% F1 47.86%, H.14 2 F B3 (P <0.05);
T % 2R R E A CK 20 Al 3 0 T 66.81%- 55.34%
A1179.34%, HrhfE 27,21 °C AFE 2752 (P<0.05).
22 A REFERALEXNTIEFRSHNSTHHFI
221 HKE

B[R AL PR A T B8 I AT 10— 20 em &
W& OKE (R 3). & MR AL B (27, 24 A1 21 C)
T, BB EE 0— 10 em 2 B & K EAMHE T
CK & &£ 5% (P>0.05), 10—20 cm -2 K& /K&
B CK 2 B BEAR T 21.3%- 23.0% A1 15.1% (P < 0.05).

Figure 3 Effects of different cooling treatments on
phosphorus uptake in turfgrass

222 pH

MHE AR R, 52 P T A B0 A T 89 B B
%12 pH (£ 3). £ 24 A1 21 C BFiRAF T, H
0— 10 cm & JZ 1) pH A % T CKFE AL 7 2.9% #
2.6%, H 3515 3| & 2K (P <0.05). % b iR 4 2
27+ 24 121 C) F, 10— 20 cm £ JZ ) pH M & T
CK 73 5l FE MK T 0.7%- 0.6% F 1.2%, Hf7E 21 C
PR AL HE N 22 ¢ W 2 (P < 0.05).
223 THLER

BEEREAHEIEKT 10—20cm £ E RS
GEREABANTENESEA N RATRGEE3. 5
CK A Et, 27, 24 F1 21 °C [ i3 Ab P2 X4 55 1% 0 55 4F
0— 10 cm LR HAH AR S & 2 & W (P> 0.05),

R®3 TEMERLIENTIRAF S EHSEUHF N

Table 3 Effects of different cooling treatments on turf soil nutrient dynamic changes

TR m  GKR WA BER FRE EN0 Available  mITEATALER
Soil Treatment Water pH NO; -I\L/ NO, -I\L/ Mineral nitrogen phosphorglus/ Dissolved organic
layer/cm content/% (mg-kg ) (mg-kg ) (mg-kg ) (mg-kg ) carbon/(mg-kg )
CK 9.06+0.33a 6.63+0.02a 3.87+0.12a 4.09+0.13a 8.05+0.05a 0.24 £ 0.02b 19.78 £2.62a
27°C  9.04+£0.17a 6.69+0.0la 3.87+0.19a 1.37+0.05c 5.07+£0.10b 0.25+0.01b 19.35 +2.54a
010 24°C 926+0.30a 6.44+0.03b 420+0.14a 0.92+0.19d 5.19+0.34b 0.41 +0.03a 18.20 + 1.23a
21°C 944+02la 646+0.02b 4.11+=0.32a 2.10+0.02b 6.01 £0.35b 0.44 +0.05a 22.96 +3.93a
CK 9.53+0.20a 6.74+0.02a 4.01+0.09a 0.42=+0.11ab 4.09 +0.04a 0.14+0.01ab 17.72 £2.77a
27°C  7.50+£0.28b 6.69+0.02ab 1.71£0.11c 0.53+0.11ab  2.51+0.13b 0.12+0.01b 17.31 £ 1.15a
10720 24°C  734+£0.25b 6.70+0.0lab 1.52+0.10c 0.67 +0.06a 2.11 £0.05¢ 0.15+0.01ab 15.24 +0.88a
21 C 8.09+0.31b 6.66+0.02b 2.07+0.09b 0.22+0.06b  2.23+0.03bc 0.19+£0.02a 15.54 £ 1.48a

R FIAFNG FRR R E— L EA R AL (8] 22 55 B35 (P < 0.05); TR,

Different lowercase letters within the same column indicate significant differences among different treatments within the same soil layer at the 0.05 level.

This is applicable for the following tables as well.
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HEMET 10—20cm L E2HHESETE, 958
CK &K T 57.42%-. 62.07% F1 48.28% (P < 0.05).
0—10 cm - Z WA EMT A & BT CK B
X T 66.36% Al 77.46%. 48.52% A1 36.96%. 35.48%
A1 25.37% (P < 0.05); 10—20 cm + Z 7 F A & &
T CK B T 38.57%. 48.45% F1 45.37% (P <
0.05). 7£27 f124 C AT, 10—20cm L2
SRS EME T CK¥ N T 25.54% Ml 59.43%
(P>0.05), f£ 21 C FFim AT, HAHK T CK [F1K
T 46.71% (P> 0.05),
2.2.4  JEAE

HEFRAAHESET 7 R 0—10 cm L
JZ W B A R (R 3). K RIEAE T, 0— 10 cm
TR AR B AR T CK T 3.0%.
69.5% A1 82.5%, H A 7E 24, 21 C kb 2 715 5
K (P <0.05). 10—20 cm -+ JZ 3 2 & &
TR EEREEK, 5 CK AL, 27 C A2
7 14.5%, 24 F1 21 C kb # 4 BT+ T 7.5% F1
36.6% (P> 0.05).
2.2.5 AIEMEA HLIK

B[R A FE T B e B R & R T A
PLBR & & 6 & 3% 5 W (P > 0.05) (3% 3). 7E 27 M
24 CHEFE T, 0—10em L Z W E A IR S &
5 CK AH b 43 5 B AR T 2.15% F1 7.99%, 1 21 C kb
BT, R @AV S &5 CKAME In T
16.11% (P > 0.05). & [ ALBE (27, 24 #0121 C) T,

10— 20 cm L JZ AT A LK & 8 AH BT CK 7379l
BEAK T 2.32%. 14.01% A1 12.29% (P> 0.05).
23 ARMEELENTIERENERAAMEEE
ed:0EA
A ) = Tk

HERFRAF T, JRESERA L= A
Y R PRI R A s, B EAHE R
Bk, HITE 24 C AR IE Bl i 1 (3R 4).
KPR ALTE (27,24 121 C) K, 0—10 cm - E M
Ve mx & EAHECT CK 70 al$e Tt 7 52.53%. 124.38%
A1 105.05%, H 2 5 3515 2 8 3% K F (P < 0.05). 1£
27 F124 C 4R, 10—20 cm L EMAEM ER S B
AT CK 2 BT+ T 44.44% A1 119.11%, 7£ 21 C
WFRT, KA E ik & E AR T 89.47% (P <0.05).
232 WMAEVER

H 2[R AL B RS T 3 R B S 0— 10 om
EMAMER S E, 10—20cm T 2L KRS
FE R (R 4), 78 % FR A (27, 24 F1 21 C)
T, 0—10cm L EMAEYEAN S EHEET CK 5
AIBEAR T 8.35% 70.62% F169.19%, HHi7E 24 121 C
WA EFHEZER P<005); f£27 CLHHET,
10—20cm L EZMAMER S EMBT CKFEIKT
83.08%, 7£ 24 C f121 C b# T, HiAEMER S
BAHE T CK 2 738 & T 52.25% 1 555.61%, H
1E 21 C Ab BT 7% 718 B & 2 7K P (P < 0.05),

231

R4 TEBERLIEN LIRMEYEMEFLHNF M0

Table 4 Effects of different cooling treatments on soil microbial biomass and enzyme activities

1 AR WAEMER R B-HIEIFEH  N-ZMBt-p-D-2  REARA WL
o Microbial Microbial EE ity 7% 14 2R T FE ki . ;
Soil hb¥E . . ; ! B2 Acid
biomass biomass Sucrase B-glucosidase N-acetyl-B-D- Leucine
layer/ Treatment . o L E . . phosphatase/
om carborl/] mtrogepl/ activity/ | activity/ . glucosammldfllse/ ammopeptldaﬁe/ [hmol- (h.g)—l]
(mg'kg )  (mgkg ) [mg(dg) | [nmol(h-g) ] [nmol-(h-g) ]  [nmol(hg)]
CK 0.79+0.03¢c 7.70+0.72a 1.77+0.01b 46.62 £ 8.47b 69.49 + 0.22a 155.72+£21.25a 436.14+16.21a
27°C 1.21+£0.12b 7.06+0.94a 1.77+£0.01b 89.06 £5.90ab 45.36 = 6.88a 14573 £ 11.66a 395.66 = 41.37a
0—10
24°C 1.78+£0.04a 2.26+0.03b 1.77+0.03b 148.41£24.57a 76.36 +4.79a 192.84 +3.02a 406.16 = 14.87a
21°C 1.63+£0.00a 2.37+0.07b 2.01 £0.04a 114.11+£10.93a 59.24+16.72a 200.32 £23.43a 456.46 +4.74a
CK 1.71 £0.21c 0.89 £0.23bc 2.07+0.29a 26.48+2.86a  32.55+14la 63.20+2.52a 212.11£21.43b
27°C  247+0.20b 0.15+0.03¢c 1.98+0.25a 13.97+5.93ab 2536+3.81a 50.70 £ 4.54ab 201.36 + 5.32b
10—20
24 °C 3.75+0.02a 1.35+0.10b 1.73+0.01a 12.42+1.79ab  12.11 £1.52b 28.69 = 8.88bc 174.94 +2.75b
21'C 0.18+0.01d 5.81+034a 1.77+0.03a  5.50+0.73b 2.99 £+ 0.45b 1427 +220c 319.38+1791a
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2.3.3 IR AE M A OC B

BARKRE, PR AL R0 Y I A0 B 01 4 5 e B 1
T YRS W AN K, EOG T B 0 O PRk U, Y
T 0—10 cm KEMFEME, BIET 10—20 cm KK
JEITEM GR 4). 21 C BRI T 0—10cm +
JZ RERE B VG 1, AHEL T CK N T 13.96% (P < 0.05);
10— 20 cm - J2 18 B B 7% PR 75 2% BRI AL B R 358
EFES (P>0.05). FFFIEAR (27, 24 121 C) T,
0— 10 cm - /2 B-Hil %) H% HF B % 14 AH 5T CK 3
T 91.02%- 218.32% A1 144.75%, H: 7 24 fi1 21 °C
AEFE R 2 R B (P <0.05), 10—20 cm + 2 B-Hi &
B B A BT CK BRI T 47.26%. 53.10% H
79.24%, H A TE 21 C AR5 CK ZREF B E K
F (P <0.05),
2.3.4  HIREAE U AH K

B E AL PR 0— 10 cm 2 N & 2R A 5% il
YRR, (HEEMKT 10—20 cm L2 N1
A RH O Wty 3% PR, EL Bl A B O R R I, LS AR
Wr B A (R 4). S BFIRALFE R, 10—20 cm -2 N-4
M -B-D-22 ik i %9 B B 55 PR AH BT CKBER T
22.08% 62.79% £l 90.82%, FLH7E 24 F1 21 C 4b 22
THEFEZER (P<0.05), 10—20cm - Z AR
55 IR Wl 3 MR AR T CK BRI T 19.78%. 54.60% Fi1
77.42%, HH7E 21 C AR 5 CK Z Rk 2 & 3K
S (P <0.05).
2.3.5 T IEEEIE A OB

B 7R AN [R] B Ui A 30T B I 0 e 01 % b IR M
P Bl 3 1 AR TE S A, A AE 10— 20 cm KRR JE 21 C
R TR T (R 4). B B R T B R N T TR
27124 CREBETFHFEM, HHLREEESR P>
0.05), #£ 21 'C 4t¥ F, 0—10 cm A1 10—20 cm + 2
Pk VE Tl R g 3 14 AH BT CK 2 38 17 4.66% Fi
50.58%, H.H41 10—20 cm +JZ BRI BERREFIG 1 7E 21 C
RPN 5 CK 2 51k 2 2 2 7K F (P < 0.05).

3 g
31 RABRIEITE R S IRILHE

AW A, B 2R 35 PR I AL B G T 5 I A0
PR AN R AR (8 1), X 5 B4R
MR R—8. EFEmEAEH FRK IR K
W, N AR AT, R4 )G, B 5A

FE & B il BE T BT 52 B A A R ek 58, AR KR B A
XA, H AL A B A g .

BN [) o Ak 3L R A7 L R S0 A 2 Rl
BEARERW, FREEMSTAZREELE LA
& (B 2). AR, BT & 2 0 PO 4 e g
THFE, i A K K B INE, BRI A=, (§
BHERETRY, SAMREGER—]. EAHR
L, REHATRRIR AR, T B =R N R
F A& i B, HLH b N R R E
AR T B A 38, 1 B RS R AR KR B ) Y
I, A BRI, &80 B R R R 3G .

HH TR, —EJuHE N, BEERPR pH T,
L0 W 25 R A R SR 08 L T A AR A AR e
KEARW LR —E, iR F 0—20 cm - &
) pH R B (36 3), HIEHL R0 ML B 2 I I =
BT T HAKKE . WA, B TEIEEK
o 7 v % T A R R T R ) R B, B A
GRS, FORE E RO R R 2 3G . ASHE S
95 bR R 2 1 B L A BE 2 gk B 2R R R
PEELFR Oy MRS, Forp7E 21 °C A3 N AUR IR i .
32 BERAENTIEFRDENST A

AW H, &R AAE T, FRBEI 0—10 cm
TESKEHLER, ML 10—20cm L2 EFKE
TE VIR G B RS (R 3). ma MP wrf F, b
W P T T R, A R RS ()R ON 5 0 R i e
FMEBRNBEARIMA, LN BHER R, X5
KT 45 RA A, 7T A2 BT IR BRI, o
T H A K R T TR )RR R B R
S, R T IERE S KELESR, (H10—20cm +
=B K E BRI G 0

TR RS B S A R, By A
KEFELESEREREM L. EARTAY, FiR
MR T & LZ MW A S E (R 3). BEREM
2t U BT SR W, R 4 0 R R R
A E M EATER, X5 AT RS R A, R
FE 5K o s ma /8 Ak, 3 R RS B R
HEKTREEM, KRERREAREA —EMX
FRo LHOKS RSB RN E B, A0 5T
TSRS SKEML R 3) B wse—E.

AW, B SRR, R E MR
22 1 - B AR B R Y B 2 8 (3R 3), TTRE 2
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DR B Ak B P T 3 pH, 17 pH A 2T 4 38 R
WA A BB . AR AR, pH PR K 4
S5 - 398 v Bl R VA AR S 1 Y, R T - 03 b Bl G
A B, BT BE 2 AT A R WAL IR B, X S
KRR FCIEE R A — .

Christ 25 ™V B 9t % 9, B % + 9% I8 % A B A1
+ 5 HUBR (R AL RN AL T R PR, s AT
T 1A PR 2 BEAR, T A BT T, 10— 20 em
4 2 RV A BB 2 B A TR B AR R A
%, B2 7 IFA R E (K 3), Al it & KA Christ
2 O30 gy 98 B KB Ry 104 20 °C, T A 5T 10 5L FEE 4
HAy 508 21, 24, 27 °C, B FE RN, BT LUK AT
A LR IR 5 M A K
33 BIRAEN HIEMAEVIAEE MR

B A R b, B T BT ) LR AE Y B R
A I BT T R (GR 4), R RE R B AR
YA AR &R o W AN f, T BRI S o B R
R RIAE TR T, AR R L i R IR
BRI, AR 21 C AR, H A EmEw
A B TR B, W] BE R DR O BRI R R,
IR A T A A A Ak P O g 3 R B X ), A L
PE AR, [R) I 3 B - 398 A0 26 0 1RO B 1 B AIG, K&
LI RS, BRI

H A0 QIR E 5 TR Y& B OC R T L4
BIHFA O, Atah, WRHEERA L2
T A B R R o AR AR Ak TR g i B 58 4 R B, AN TR
FRim AL TR, 0—10 cm L E A EER S EHEEE
BEAG T P A, T 10— 20 cm 2 AE M &R & BTl
T AR BT (R 4). PR IXRER S R AT g 2
Sy 485 9 A ) G v RN, S SO AR M R 3R 4 R
FARCRBEAR, FRAR T A A& &, M 0—10 cm
+ B A R S R I S T RE S A
B 5 BB 9% 0 TR B £, R R R I 1
s WA R Z 07 0—10em L2, BEE K
AR IR IR, XA LA R S EA
JE, T IR AR N R, Ah A IR AR IR
A, TR 0—10 cm L EMAYER S BRI,

R R T R B-] 45 W T R C 5 PR M K
TR R TR AT 39 PR W 2 20 AR R RE 8 AL A AN
A A A W AL R P D R T W D SRR, D T e e
SV Ve E FR W RO, B A W L e T AR AR 2T 4

o AR ZWE K AR D9 R A RS, AR bR LR AR
iR ptpe R AR R, B2 b B AR
il Mk 5 R R 2 ke 55 55 R Y, SR AR AHT 5
o, BT EE 10— 20 em 2 B 4 KE T S
5 R R AR KR (R 4), 7R BN IR
X — LR S K E RS, K5 F /D BR & T
AR G BT 2 N B, 10—20cm +
JZ ] VPR AURR S B R B 4 RE R VS MR AR AL
PF—F, ULEAAHEL T RERE NG, LIRS B A 0%
Il v PR A ATV A LR S A A A G .

N- & 1 -B-D-22 J2k i % A 1 Bl A o 2 R 2 5= ik
Bl & 5 N 2R A 5% (K N- 2 Bk -B-D-2 3 # 7 hi
TG AT AR fR LT o3 A JTR S0, 4 52 ZBE K AR R &
WE R, NEDA M RERE RS e
R A O R O ) K AR R SRR & B e 1
AW G RPN E M S R
BB G —2, AR 10—20 em L )Z 52
R A 2E (R 4), ATRESE RN BRI B B AT
HR 20 em Ab, PR OE G 1 958 57 B 1 5 R
K, MBAEFEST S LESKEFEVNEER, A0
AP BT AT ETRZE T REARE K
Mg LA KBS R 2 EER M.

i P B IR W e i adF - 3 E LB 1L & W I o) fiR
NIEYPEAEA B R, R B R M S M — e AR
JE b T R A R AR Y, R gt 4
T, U Ak P B M A BT g b T e B Y
%, TN IR 1 1l TR T V3% 12 52 i LA AN B B (3R 4), 7]
e e PRy 358 I 1 Tl I I 0 1k 32 LI LT P R
ER N TR R 1 N

4 45

TE i B 3B R, SR L R B R 1 it 2 A e gt
R B BEE AR, Bk A R AR, Rk
BB U 77 2 PR U o S [ B R A B S i T 4
C. N. P 75 ¥R AH G B P, o048 7 A8 B 3% 40 1A 2%
PEo BRIRACHE T pH FRAS, FN L8 EHLER S &
SRR, RN T A ) B N R MR LB
SEELEERW, W T HEMEER S EN
10—20 cm L EAEYER S &, FIKT 0—10cm +
ERAEY SRR & E. Fitk, 22 R~
e i it S 5 0 B b e VIR DA R A A KRR K
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