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Research on the variation characteristics of pH and mineral nitrogen concentrations in different planting time
polytunnel soils of Milin County in Tibet

YANG Hong, XU Chang-chang, CAO Li-hua, SHI Yu-long, SAl Man, LIU He-man”

(Research Center of Climate Change and Material Cycle of Pedosphere of Tibet Plateau, College of Agricultural and Animal Husbandry, Tibet
University, Linzhi 860000, China)

Abstract: In order to elucidate variation characteristics of soil pH and mineral nitrogen (Nmin) concentrations between open fields and dif-
ferent planting time polytunnel fields, then provide scientific support for the sustainable utilization of soil in Tibet area. Different planting
time polytunnel(1 a, 4 a and 6 a) and there adjacent open fields in Milin County were investigated, surface soil (0~20 c¢m depth) and profile
s0il (0~70 cm depth) were collected, and the soil nitrate nitrogen (NN ) and ammonium nitrogen (AN ) concentrations and pH were deter—
mined. The results showed that, Soil NN concentrations had the decrease sequences as 1 a polytunnel > 4 a polytunnel > 6 a polytunnel >
open field; soil AN concentrations were 6 a polytunnel > 4 a polytunnel > open field >1 a polytunnel; and soil pH were 1 a polytunnel >
open field > 4 a polytunnel > 6 a polytunnel; Compared to the open field soil, the soil NN and Nmin concentrations in polytunnel soils in-
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creased in 0~20 cm arable layer, and they were all decreased with the increase of soil depth; Compared to open field soil, pH decreased for

0~20 cm polytunnel soil, and then increased with the increase of soil depth; Regression analysis showed a negative correlation between soil

pH to NN and AN concentrations for polytunnel soils; but for the open field soil, they were negatively correlated. These results indicated that

polytunnel management resulted in soil acidification of arable layer, and increase of soil Nmin; so the application of nitrogen fertilizer need

be reduced for polytunnel soil.

Keywords:soil pH; nitrate nitrogen; ammonium nitrogen; open field; polytunnel

RMIVE A BB 0 2, B H AR iR
PR TCRA A I R Rt S R 7 R A P S
AEA SECT LRk B JCAL A N - SR 4 7]
R, JEIE A B LA AN 24 T et e R A
O AT SFSEA ORI 398 32 2R iy A 5 7
PHFAE N R I — R A

HEMEYERKET L a R EITTR  (HAS B
Rt P G B Ry Al TR IS B — S B BRI . HRi
RSNt P A PR e, A 202 B8 0] A AR 3 Al
T E R 2B AGTIRIR 9, [t  E - SRR AL
KIS YRERR I AL 58S SR AN [ R AR R
SR - S o s 2 Kt AEAR DI 1 FH OGS, 45 2R
R IR R B AR BR Y SE R TN E, HL
3% pH BT B AR RRE . — A, T IEIR
P 3 i it RO A SR, e B A R T R
Jit P AT ATLAC 1A HE £ 7T S B0 A SRR B 5 R A L
AR, FLE SR Ak, T | 7 L e iR Ak

PR A AT ARSI R B 22 R AR 22/
AT D23 B AR R, AN I R Mt S L Ok
IR 24 e =i A 7 8 32 25 5 B R  ER A
A XK MR B PREEVEREN 22 , ek R LR F R R
B A A= 4 B LR M 3 pH R B R I 2%
P HEAEAROGTE o b B AN [ 0 AR BROR A £ 1€ pH
{EL S TCHLE I S AT RFAE A B %0 3t 05 1 38 A4 45 3R
P H AT L DY bR 2 3 XOR AR ELAS Rl R AR A
BRGESERMI A BIFTEXT R, WFTEA R Ffe 4 BR i =5 K
T ITCHLAS RO B K A3 pH (B AR, 15 1 P 1]
iR KX L IR S -3 pH (BRSSO 25 3
B SR ) AT 2 R AR AL BB A

1 RS ®

1.1 HARXHER

HEE AR TR M X ORAR L 38 S R A R AH
SR FE M, A T VU B IR X AR, AR b X P R
MEE R LR N, & LUK SR
Jik 2 18] (94.19°~94.24° E ,29.19°~29.23° N ), -2 54k

2973 m, 4FE H M 2 AR 8.2 °C, Ry SR IR A
P M R, R AR 4 S B Y T 2R R 2R
(MZE—Mh 5—9 J1, TZF=— Ml 10—4 J1) . FEK
T R YR T R A T AR TR N i %) B B R
BEIE I, AR IR K & 640~650 mm, WA NE T %
TR S BRHE W I TR 1 b AN R | AR Y
FEdE AL A5 A S R M e 0 P R R R 2 R —
HE— 2
12 TEHSNRESNE

2015 4 9 J] 23 H , S FERME A [ Bioid 4 FR %
RN AL E A, 28 Ve L BRI N
F2, BN S p 5 b O T B, SO AT B Ry
TERFINEE | CH i 65 S RO 3 R 7 AR VG 21 A
FA T A s 3 Bt A LA, 22 )5 DA IE
F, FELURER s & S ARt . 43
WEFE 1a.4a il 6 a iGhE S M S L AR AR &5 1A A
BAFEMBE 3 MM ER 3 ERE IJERER)E
0~5 cm . 5~10 cm Fl1 10~20 cm =2y RN .
R ) A [ - b R P 2544 T % 338 pH B & TEHLA
SO P RN, FE RN FEHL AR AR 1 AN 1T 1 4%
(0~5 cm.5~10 cm.10~20 cm.20~30 cm.30~40 cm,
40~50 cm.50~60 cm F1 60~70 cm), R4 - HEkE 5
68 1>, R A H B4 IS0 . LBRAT LAY A Al
WERIRSEAE LI 5, — o LIEGEETE 4 “CUKAR
A A - S A R A S R (G AT R AT 24 h),
Ti—ERoT AN HAANXT B, 135 pH ER I 5:1 K
Ak, pH T, BRMERRFREGE 1 mm G 5 )T 35
FENL 5.0 g, T A2 CO, 7K 25 mL, $it 4 1 min, %2 30
min, Jf] pH 3+ (Model 1Q150)i +-1pH {&. 25 & 0
B ECRH 2 mol - L KC IR 5:1 Wi - Eb L k%
30 min Je i JEM, %S 3 4 BT AL (ASHR Y, 78 ]
Seal 2 w] )l E
1.3 #HEHH

% H1 Excel 2007 #4784 b ], TCHLA S i K
pH 1B 7 255087 | 815 43 # R i SPSS 17.0, 5k I Ori-
gin9.0 1 T & 43T
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2.1 ANEFMEERBEFXAMSEH 1% pH T
2.1.1 E£ZE L3 pH A

1A, @5 1 a g K+ 58 pH (EAE
6.5~7.5 Z[a], Sk, Bl A A A R A 3
i, 2R)2 41 pH (E SRR S BRI R 2 145
Mk, b 4a 55 6a gk KMl pH {E/NTF 5.0,
sRPRYE TIEM; 1 a 158 pH g, A REFE S K
A A, ARt A LR 56 1 W SO 5T 2R B
it FH R SR MR AT LB i 46 vy 1338 pH, s 18R
b3, 78 0~5 cm 2K, 6 a KM pH (E#L 1a FEIK T
31.58% , #:iE HuFAAIL T 25.32%; 7% 5~10 cm J21k .6 a
i 1a MR T 33.99%, R HIFRAE T 28.58%; 7 10~
20 cm JZIK,6 a#% 1 a [T 30.63%, #F MR AR T
29.98%., & Hh K A [F) A1 FH AR FR K HI7E 0~5 cm,5~10
cm A1 10~20 cm =ANZ WK 43 pH {E 2 [a] i) 22 1k
KA K FEANRI R FAERR 1, 1 a RIS @i a]
B 25 882 Ik 2= S AR IR i KT (P>0.05) ,4 a K
M5 #E Hb7E 0~5 cm Fl1 5~10 cm 2= A0 B 2K
(P<0.01),6 a K#l]55EHu7E 10~20 cm 22 5 k4% i 2%
K (P<0.01).

F 1 RZ(0~20 cm) 13 pH 5 FR4FAE
Table 1 Distribution characteristics of soil pH in surface soil
PN
la 4a 6a
0~5  6.52+0.40aA 7.11x0.22aA 4.93+1.27aB** 4.87+0.90aBC*
5~10 6.53+0.34aA 7.06+0.28aA 4.83+1.14aB** 4.66+0.63aBC*
10~20 6.57+0.29aA 6.63+0.56aA 4.80+1.11aB* 4.60+0.42aBC**

1 )5 B BCE M bR (Standard deviation, SD ) ; [7] 51 A~ [ |2 vk ]
YEAT R /NG R FOR |, R T AN [R) AR R B0 A Lo AR S 24, R TR 7
FEFRIR 22 5 8 2 (P<0.05) 5 [l 7 H S [vi) 4 SR 532 Kb 5 o it b e, =
FORE B (P<0.01),* R 2257 3% (P<0.05), A,

ZEk/em FHb

2.1.2 2R 44 pH {H

1A R, B 32 R, 3 pH (B
L/ NE R A EY . 1a F1 4 a B3 13 pH
{E7E 0~20 cm I [ P 2 2/ #a s, 7F 20~70 cm
YU IR P 398 pH (/349 il A 98 22 YR (4 I % S 14 1
P, FE M 158 pH {E7E 0~10 cm Y [ A 22 98/ 1)
1 10~70 om I I N S I AR e . Bl S M Ah
FEAERR A A, pH (E 208N s Bl 1a>4 a, fifi+
BRI IR 5N pH (R 28 Ak AR B 5 i i B

.1 a4 a g KA = R 800 51 7.60% .3.74%,
e % 5 AT N 2.16%F1 3.56%
22 AEIMBEERGEEAMEE LIBEHESRTK
221 RZTEMER

HH 3R 2 AL, TEG S K2 2 1 A A Ak
FEFRI N 0~5 cm>5~10 cm>10~20 cm, FEHH i 2 il
TR AAEER RIS, Rt A 5 =X it A I
JIE R e W I i R 2 I R A S R
AN o Bt AR AR PR A SE K, A A AR B
BHTREAR, B 1 a>4 a>6 a, BV gh =2 KM - 1 i i U A
3 Wit o5 o A OS8R AR T P b i A Rk P 3R
LK 0~5 cm<5~10 cm<10~20 cm, K WKIRAVE P I 5%
WHHEZE 25 28 EE H 10~20 ecm AU AN S 2K E & T
0~5cm i FHJF R Z—, 1a KIS R ETLE N
16.80+8.71~18.61+9.38 mg-kg(«SD), A8 7 R E N
8.18%,4 a KHli & 5.45+0.95~9.39+4.46 mg-kg?, 72F 7
ZBh 26.60%,6 a KHliH 5.76+4.96~7.95+6.82 mg -
kg™, A2 5 REC0 17.31%, 1 a KMl - SERH AR A
LA b, A S R 1y, 5 KA A B R A % 1 4
HPERIREE A KA B A 5. 7E 0~20 cm J2IK, 6 a Kl
T A AR A 1 a KHIREAR T 60.91%, %% 4 a [%
iKY 10.21%,4 a KA+ NOs-N V4% 1 a KHifE
IR T 56.46%, 1a K5 g 74 L2 IR A 22 5
Y3k i K F (P<0.05), HL7E 0~5 em Z [A] 25 535
W s 2 7K F-(P<0.01 ), 15 BH il 248 R0k B2 A eI 3 224
FRE R BRI, AT BB -5 ) e I i I R
T B A SAE AR G T KA R

% 2 RE(0~20 cm) HEWE RIS
Table 2 Distribution characteristics of soil NN in surface soil
HKi/mg-kg™
la 4a 6a
0~5 5.64+2.92aB 18.61+9.38aA** 9.39+4.46aAB 7.95+6.82aB
5~10 6.29:+1.92aB 16.34+10.44aA* 7.38+4.71aAB 6.24+4.92aB
10~20 6.38+1.76aB  16.08+8.71aA*  5.45:0.95aB 5.76+4.96aB

JZ Wk /em g&i/mg-kg™

2.2.2 i AN AR

FH & 1B AT, B R R g3 KM g
THAS R EE B RAR, R M 2 HEIE s BRI 34
FEI N B SN A A BE AE 0~20 em Yu [F N 2 %
WL, HaEmZREg R, TR AN
29.30%; @2 1 Iz Hh 2 RSS Z W EETE 0~20 cm g
Fil YR 9T T v, 76 20 om Abak Bl B KA, 43514 8.60
mg-kg™ F1 6.27 mg-kg™. 7E 20~70 cm JE [FH P BEE 1
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SRZ B ETINTR , 8 b 5 5% S KM A AU B A
SRR, (B IEBRE N 60~70 cm MMMS
A AN A AR B

72 1 RS2 M 60~70 om TREE 3R A AUk
43512 0~20 cm EI’J 50.20%7/ 18.99%. fE 0~30 cm 7
Rl P A 25 B B 24 5 T 30~70 em Y5 L, 78 0~30
cm i Bl P g 1\ fEHh 2, K 1aFil4amy NOs-N
v B 43 9k 7.76£1.37 .5.00+£1.49 . 23.40+3.94 9.79+
4.32 mg-kg™, %% 30~70 cm =i T 12.73% ,30.66% .
56.49%7F 63.22%. X Ui S A TE - P A E R R
MG, Hg e R i B i B AR AR FR A RE K, 3%
SERMNAE AR L BEAR A, B 1 a>4 a, Kl
TR R PR B2 2 [ A B A, NI R I 3 iy
AR EE
2.3 AEIMEERFREAME ZEh HIERESETH
231 KELEER

Hi2¢ 30 /41,1 a.4 a.6 a FIEEHh + 39080 5 Ak
RKIN, BEE RZ IEE RN, + IS E T
B UREAR 3 B 10~20 cm<5~10 cm<0~5 cm, 1
a.4a.6a fIFF % 10~20 cm JZ K% 0~5 cm JZ K4

pH
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Figure 1 Distribution characteristics of soil pH and NN contents
with soil depth

MEAR T 2.26% .4.60% .18.21%7F1 8.54%, 1 Hikk s
AU EALE 0~5 cm,5~10 cm F1 10~20 cm 4% )2 IR Z [H]
2 SR IE B K- (P>0.05 ), T X A [ Fff 47 Fi
M 3kt A 1 a F 4 a B RHIFE 10~20 cm 2%
ik E MK (P<0.05)

% 3 RE(0~20 cm) HEEERER
Table 3 Distribution characteristics of soil AN contents
in surface soil
ISV =) Kti/mg-kg™
cm mg-kg* la 4a 6a
0~5 53.43+12.81aA 46.41+2.50aA 55.89+5.68aA 63.28+22.82aA
5~10 51.62+8.17aA 47.01+2.95aA 55.05+1.90aA 61.14+23.53aA
10~20 48.87+3.51aAB 45.36+1.51aA 53.32+3.56aB 51.76+8.77aAB

2.3.2 {112 R e A AR b

P P 2A AT R - s e, 1 a BRSO 1 0
Bl AR A BE VS [ Dy 43.81~50.70 mg-kg™, ~F-H{H Ny
42.18 mg-kg™, AR5 FREK 5.51%;4 a i KA 11
Bl AR BV [y 49.17~59.62 mg-kg™, “F-H{H Ny
47.42 mg- kg™, AR R RBCHR 7.42% ;@54 1. FEHh 2 1
S e A5 R VR B S L 49 1)l 44.94~50.82 . 48.46~53.77
mg-kg™, Y {H 530 42.71 .45.56 mg-kg™, A8 S5 R
B 5o 4.90% .3.50%,, HH AT, B g S R
TS R A R, BV A BN I E

23 ()28 Sk o (Hg S KM )28 S RBOR T g b iy A8

FE, W FERR O EE R — IR A S RS, H
S (R v e RN | IR LA Nt B RN =18 B = 3
KR NHE FRK o0 FERS, S8R &
HAR SR R

Bifi 2 1 )22 RN I e A ROV S S BT 8
kS, #Eih 1 F5H 2 7€ 40 cm Abik $ 5/ IME., 43931
h 41.130.48.581 mg-kg?, #HIEKMITE 20 cm Abik |
f/MA L1 a.4 a 452k 44,526 .49.169 mg-kg™, 4
RADIEHACAN T E T RBALC RS A, T B
KRR P IRBE A5, (A5 A AR A A 4 i e A
R 7% R IR T #E L, 55 H Mg o e — IO AR
BDRG, W R , I, 22 Hds o/ ME H BRAE 40
cm Ab T A e/ ME H BLAE 20 cm,
24 TETHR

FH ] 2B WA, A B Ak U R B A A A
BREIE K R FFERA AL Rl La>da. 1a 5 4a B LA
W B 43 31k 51.02~77.63 mg - kg™ 1 51.30~64.11
mg-kg™, - b Uk B A [ AR S A A
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Figure 2 Distribution characteristics of soil AN and Nmin contents
with soil depth

K, AR5 RE R 15.83%7F1 7.78%., 4 a %5 1 a KAl
B3 2 () AR S /N R 1 FNER i 2 e fh AUk
FE I [l 43 ) SRy 52.21~56.74 .51.78~56.84 mg - kg™, 28
S 2B 3.01% 3.81% , L A- 43 Ak R vk B R B
25 )28 SR A S /N5 S KM

Bl 1382 IR , RS R b Rk B S
R 2 L S e R s,
i 1la b 4a g R e L 2k AE 0~40 cm yig
FINERILN 1a>4 a, fEiXMEHIN, 1 a4 a K 1%
WAL R U S8 43 5] 4 69.62 .60.30 mg-kg™, 1 a #
4 a =it 15.45%, X AT RE S R HIR) A A R T PR 4
IR Ty GESKR RS 7, R S ISR A SR
K, 2EEE TR, HALRE 1P R . 7E 40~70
cm LN EIN 4a>1a,1a.4 a Kbl LAk
FESEIY(E 435l 51.77 .55.66 mg-kg™,4 a %5 1a &
T 7.49%, BT L BAFTEMR I TR L S . EE A Ak
RUREAE 0~10 em JE [l 21 Ay, 7 10~70 cm
FEAREER S N iOy <k
2.5 ZHRE T pH EHEXES

WA TR, 2RI TR &
150, FpH A5 A A8 2 B A A Rk B 22 ) g [l 0
AIRVE (3R 4), K3 pH 5SS R LS ATk
JEZ 35 B SAH I 2R (EAH DG oA 38 1 2 /K (P>
0.05), #-& J FERIAHOC R £ 530 0.76 F1 0.15; 75 1
Al 25 R B A5 R B 5 - 35 pH (L = (8] 1 [l )5 )y
Won, BHEER S W E S pH HZ [WAFAE IE
IR R, HEAS RS pH A Z A AH DG A 2
27K F-(R=0.845 6,P<0.01).

*4 TETHNAES pH EREFSH
Table 4 Regression analysis of soil Nmin and pH
THLA I8 5 5 7 n R? P
KHIEASE y=-3.346x+43.99x-95.13 8 0.023 >0.05
FHNRSAZ  y=-21.975x2+281.29x-884.85 8 0573 >0.05
8
8

LA y=0.649x2-7.71x+70.37 0.715 <0.01
THAEAA y=2.385x%-36.27x+141.69 0.327  >0.05

TE: P3N EMIKFy I ICHURMR L, x L4 pH fE.

3 g

3.1 REFHELEIR % pH E5 4FE

pH 2 e B A Ji M 2 — 0 3R i
YA PR RV ) 1 A 7 R e AR RN A5
KM A 7 T 303 )2 - 48 pH (BB R B, RN
RIZ L HERBH BRI NG X 5 HAR A 5 & A 45 R —
A, HXCRP R R BAEFR)Z 0~10 em, AT RESE
FALRE = ZEAE it T RZFrEl. ZEm A S oY 2
T, 1458 pH (EFH 1 IR BE BB I . e
L PR 2B, £E 0~40 cm 12 P, pH (i B 1 3385
JE BN, ASHESESE R FERE R, % 12
TR, L3 pH SRR B ka4, B RMI7E
20 cm 4k pH {E ik fe/ME , B HbAE 10 cm Abik R/ MA .
XA BE SRR URIR HEAR R 530 SR A3 F R AT
PR .

BE R A BR ) FiE K, - SRR AL TR T A S50 1Y)
A AR S ARAL R OTER A A | A AL
JAAR A K - 48 Hh JEHL R i BRI AT PR B9 SiE K%
Wi A VIR DG . Malhi ZERURR gy 45 360, + ek
T2 s S AS /A BAVE & B A e, 9 HIA
N SRR AL R E WA 2 U0 T v i i . A
T FAER 2R 5 R RERR A AR BR A 3G AN, e Atk 5% 1
18 pH 5 F s

TR R AR, (AR R — R X I,
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BRSEKHM pH (E B &K T, RET RSP 5 45 1
[F)FEFE B, KM 138 pH (/T 85 Hb , 15t S b 1 38
WAL SHAAE FH HL 8 KA HLE R 5 A S A
FE R A3 P g B T 58 2, AT S SO 1
P (LR P R 8 b PR AR S PR 25 SR B R
KM 43 CI- NO; \NO; \SO% J2 1 Jilt + 1 iR 1k 1y
B ARFE X EE LR E G BEIRES M A LR
SRRt , HAR 27 o 32 22 Ca*  SO% \POY \NH; |
CIZFN K3, i NH: SURT LATE RS AL 40 B8 A9/ FH T Bt
B A% NOs , AT it FH 5 [ 2 7 I AR IE 2 B0 X
TR AR E BRI, R, 7RSSR R R
o, KA HLIE S JCHLIE TR A F T e S i g% - 61
Rk
3.2 TERENSHIHFMERIA

AHFFE T ORAR BB S 283 K i 2 A
AR HEAE , H 5 5 A HE , H 3 S Rk 3, B
AR ARG X F B TR A/ ek H
HH S AN AR P 1 0 ) o X R - MR A R A
RS, BRI T M RS S B RS s Hak, K
W ek oy 78 K s A i L HER 2 BK A RAL, A Bl
R K AEZ KA BT, IR K i
NO; w71y 31| - 38 322 R AL; 55 4, K4 v i) e sk
AR TEY TR, S R R
R Z R NP7 EPE IR 45 R AR BoR , &1
TSR R B B B R R4

Bl 12O, #E B S KA A
AR LA EHR ) 2R r S, B
SRR B AR AR T BH S 40N, e B A A S AN A U )
TIERERE 4T . RLIEEPM TS RE b 1
FEJZ B INTR A5 R RS R P S BRI A R A S
Tt S BV VA 3 R b - S R R R A e 9 IR
3 FIRE 258

Bt RHRFIAEAE R AU ZE K, eSS ZAE LA
WP AR A RE S, A S R T S in )
B, BAEREEE T TS N HEFCIR AR
71N Bt R e A R ) S, M A ROV S 1
FFa S (HAIF TS S A . R I SR o 3%
B - K200 S0 A/ R RS R IR B v, AT
SEATIFFE F - S A G o A A Rk B A L
Z—; mAh AT RS R S A e B A
Fhs it FH A HLAE DR 2 B AR P 5% AR 4k 2 i A
5 5 [R5 DX HER A P Rl 28 B0 R0 Mt
2R IR R N BhAS B el 5 —J5 i, it KA

N CO, e FEARXT L 7 , Op M EARNXTRLA, — e, 1%
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