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Soil water and nutrient characteristics of alfalfa grasslands at semi-arid and semi-

arid prone to drought areas in southern Ningxia

REN Jingjing, LI Jun”, WANG Xuechun, FANG Xinyu
College of Agronomy, Northwest A&F University, Yangling, Shaanxi 712100, China

Abstract: In order to explore the relationship of alfalfa grassland among soil water, soil nutrient and grassland degradation,
and provide theoretical basis and practical guidences for fertilizater application and soil water management of alfalfa
grassland in southern Ningxia, soil water and nutrient contents in deep soil layers on alfalfa grasslands with different growth
years at semi-arid area-Guyuan and semi-arid prone to drought area-Haiyuan of southern Ningxia were determined, the
differences of soil moistures, nutrient contents and distribution characteristics were analyzed and compared. The results
showed as follows: (1) Alfalfa yields of semi-arid area were generally higher than that of semi-arid prone to drought area,
but there were normal distribution patterns between alfalfa yields and growth year at both of 2 rainfall areas, 1 — 6 year-old
alfalfa grasslands were in vigorous growth period, after that time it entered into degradation. (2) The mean soil moistures
decreased with the increasing of alfalfa growth age in 0—1000 cm soil layers at 2 varied rainfall areas before alfalfa entering
into wane, but the comsumption of soil water descended when alfalfa grasslands entered into wane. Soil water of 10 year-old
alfalfa grassland began to recover from upper to deep soil layers at Haiyuan, but 12 year-old alfalfa grassland showed no
signs of recovery at Guyuan, since alfalfa growth of Guyuan was better than that of Haiyuan, 12 year-old alfalfa grassland

was still in soil water comsumption period. (3) The influences of rainfall and soil water comsumption made soil moistures

B : FHEKARFEIEE YT IINH (30771280, 31071374) ;R g5 ATl RHIT L 312 2251 H (200803028 )
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decreased firstly then increased with the increasing of soil depth; The root and residue of alfalfa could return nutrients to
upper soil layers, so soil organic matter, total N, available N and available P contents in 0—30 cm soil layers were highest
at 2 different rainfall areas. (4) Soil water and nutrient consumption depths deepened in soil profile with the increasing of
alfalfa growth age at 2 different rainfall areas, the contents of soil available N and available P decreased with different extent
on 6 year-old alfalfa grasslands; Since 10 year-old alfalfa grasslands had entered into wane, soil organic matter, total N and
available N contents restored from the upper to deep soil layer, but the soil nutrients of semi-arid prone to drought area
restored faster than that of semi-arid area. Soil available P content reduced with the increasing of alfalfa growth age, but the
consumption rate decreased after 6 years. (5) Comparing alfalfa grasslands with the same growth age, soil nutrient contents
of semi-arid prone to drought area were generally higher than that of semi-arid area in 0—400 cm soil layers. (6) The
changing trends of alfalfa yields, soil water and nutrient of both 2 different rainfall areas showed that the imbalance of
nutrients and deficit of soil water led to grassland degradation. So feasible irrigation and fertilization measures should be
taken in arid alfalfa grasslands to balance soil nutrient and delay degradation, suitable alfalfa growth year of semi-arid and

semi-arid prone to drought areas was 6—7 and 5—=6 years respectively in southern Ningxia.

Key Words: southern Ningxia; semi-arid area; semi-arid prone to drought area; soil water; soil nutrient;

grassland degradation
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7.3 °C, =10 CAEFHIR M 2392.3 C  4E[KE M 386. 1 mm, 4EZE KN 2157. 4 mm, MR+ 300 545 + | 1
)Rk i RS N MR SRR A N 17% 10.75% F4.5% ) HIEARE R 1.3 g/em’ . PR AR
IKBEEIAE 60 m LAF , RSIA PG 2 B ) AR RN FRARO X, 2 AR 7K I R DX 00 1 349 oA 15 A 7 e AL 5

http ; //www. ecologica. cn



3640 A E = 31 &

W, BE BRI ST HONE] 2 U, 70 57E 7 H R A9 H R A)HEA T e A B IR

H T B B A R AT TR AE 5 T T , A W P SRk B W /D, R BRSPS AR AE AR B T P T
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Fig.1 Comparison of yields of different growth age alfalfa grasslands in southern Ningxia
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A AR 3K 41,3 .6 .10 a B 15 O R AR Ry R AN A B HURE e 3K 1 £
FEFE 0—1000 cm 125 20 em 2B 1 0 M2 £SR3 19 HAEAE 0—200 cm + )25 20 em )2 HUFE 1
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4 [ ShPLCE ZAGI E . B R FH B B0 00 22 (FH 1..00 mol/1 NaOH 7K fiff 3 | {5 ¥ 76 A 25 U0l it i
{62 NH, , %% H, BO, BT W0, FH bR HE R % 2 ) . 3 302K FH 0. 50 mol/LNaHCO, 3= 2 J5 H 43 6 06 B it ik
et
1.3 Hdabsy ik

B AT IR B E0E R F Microsoft Excel 2003 #4745 AL ], SAS 8. 0 B AE7EAT 75 22 B AHSEAMpr 1510
2 #ER551
2.1 RETERE

W FEZEVE 1.5.8.12 a H & L 0—1000 em 42 F ¥ + 5818 B 32 7 ke A%, S 3948 291 0 10. 25% |
5.40% 5.12% F15.07% (1), 0—200 cm F1200—1000 cm )2 , H 44 358 050 55 24 i A1 K AF PR ) 26 K i
ANWIREAR . 5 B FEAL,, R 3.6.7 .10 a B 75 5 0—1000 em 4252 + 5O AR UGR B, th 3
a 4 7.90% FEAKE) 10 a 19 5.23% , M 0—200 cm +JZ2KFE , THEWRELL 6 a fief, HIKOM 3,107 2,10 a H
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fE H L 0—200 em T2 HEFREC A ML 7 o, R E A E K EMUE LK EEIFREHIRE . 200—
1000 em 2,3 a B 5 F T2 580 B 50m, 10 a 7 BRI

B A AR BR B IE 2 NS E TS HE 0—1000 em = J2 5135 39810 158 25 74 i A1, 15 - 398K 40 1 T4 #E 1R
ANWIEIN, 3% e B E 8 AR KA IR AK 70 2 B AEFE/K BN SR AL, B TE o A B K Ay SEat T e 9+
% A TR B A A K, X KA T AR D . 200—1000 em )2 S B IR AR, HWIBES A K
AERRIG N, B E AR R AW L, FEKIREEAWIINTR . 15 10 a HE F - 5K o0 A L2 R, [ 12
a B8 b K A0 R F 90 MR A 4 TN 5L 10 a T 76 ML C S ISO™ 80 | RE KM /0 | T 361 65 1 7 o D T
JREENE 12 a [hAbFHREKBTEL .

F1 TEHAREKERBEEE0—1000 cm T ETIEEELRE/ %

Table 1 Comparison of soil moisture in 0—1000 cm soil layers at different growth age alfalfa grasslands in southern Ningxia

TR/ em [ )5 Guyuan )5 Haiyuan
Soil depth la 5a 8 a 12 a 3a 6a Ta 10 a
0—200 7.59 6.37 5.58 5.15 6.92 7.73 5.31 6.74
200—1000 10.91 5.82 5.00 5.04 8.14 5.73 5.43 4.85
0—1000 10.25 5.93 5.12 5.07 7.90 6.13 5.41 5.23

ARG FH K ST AT A E AL o A R R O B E T A AR BR 0y 3G S B R
(K 2), BTZRKAREI  4E R B 1 5 0—100 em +)2 BA F ¥R AR B ;100—200 em 12
TR B AR A bR B R s B A AR BRAE A | A 2K Z B 8 T 4 ,200—650 em 122 2 A
TR A E; Hh T AR R AEIR)Z - 587K 43 (5% 1 98 55, 800—1000 em 1 )2 4 8 2 45 & T 200—650
cm j:J%o

FEHE R R B AR ZE R K TR ROK & VR AR K 5K G 2 Ab F o7 etk A 2 MK 7
H1200—650 em + )2 HHEREITE 6 a A4 KA E TR, B SAvE M AE Y LT IR T2, B T iR
W, R 1.5.8.12 a FAE L 0—1000 em 42734 £ 38 T4 fb sl %43 51| oy 228. 00 ,157. 60 ,127.70,75. 10
mm/a; 5 3 .6.7.10 a F g B 0—1000 em + 244+ L # 28 123,60 .100. 10 .99.20 .71. 70 mm/
ao 2 AKX ETE th T K UK 702 KB iR 2, Tk dOR 5 i 8 % 24 Tk e
BAE AR R, % K T FE D, TR A R

T IR B AR U A A AR, PR — o A RS . S S B, 1 A R 0—300 em t
2 EHEREE T RORRAK TSR, U PR B R I A [ 1.5 .8 .12 a H7E ## 0—300 em +
2O R E S K 7.40% 5.61% 5.02% 4.65% , 8 a i s it e O R Y Hh R 251 A, BT LA
BTE RN 8a, Ss T2V, R E 5 15 /E 7 a WOIR IS R Bk M 3 .6 .7 .10 a1 7% %5 Hb 0—300
em 12 H R E TN 6.02% 6.33% 4.56% 5.75% ,7 a £ 45 5 R SUR R 20T 2
PAZENRIE HL 7 a 2o 7 g 2RI/ | T DA S5 08 TR ST 6 a WOIRFE 1 B2 I Bk . 76 Y bt B R A A7
B PR 7 e bR A T B B R BEBEL Lk 7 b 1 3K A AR S R i — 20 Ak, RN R AR A KA R
— B K AR AR S RGN TR R R
2.2 HEAPUES =

[E)5 2.6 .10 a H 75 B A HLR & R AR LTSRN 1. 04—18. 50 g/kg, T3 HUT & bl 1 )2 IR L R
RS 3) . £ 0—400 cm )2 ,2 .6 .10 a 175 HHL AP & BT 3{E 500 5. 64 5. 91 F16.55 g/
kg, B A AR B R b 0] 25 57 .25 (P<0. 05) , RIEA ML & Gt Bl 18 b 2B AR PRI i3 i, 72 0—200 cm
12,2 .6.10 a B 1E F SR WL S B IE S 6.35.7.75 F18.33 g/kg,2 a 56,10 a 255 W3 ,6 a
510 a ZRARBE, MWfE 200—400 em +JZHFE 510 4. 21 2. 23 F12.98 o/kg, 45 A AT PR 1L ] 22
S KPR R AR KRR H A PR B4 0—200 em + /2 EEL, Wi 200 em LN HEZE A
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Fig.2 Comparison of soil moistures in 0—1000 cm soil layers at different growth age alfalfa grasslands in southern Ningxia
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AP RERRELE 2.00 g/kg 724
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Fig.3 Comparison of soil organic matter contents in 0—400 cm soil layers at different growth age alfalfa grasslands in southern Ningxia
FEAR R AR AR BR B 45 Bt 0—400 em 122, )5 3G HILBT & & P S 08 SV s T 85, 2 MR e
MU S LI 10 a Fei (1 4) o 6 a HAE AN S35 2 a 33 a AL, [#)5 0—400 em + )2+ A BT
B BB RN BARE SR 0.07 o/ (kg-a) 13 640 kg/ (hm™a) |, 17 A J5 i X -2 /0 3o 53 197 e
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43314 0.40 g/ (kg-a) F120 800 kg/(hm™a) . 7EAEKREREI, B E T K ¥4y e 2 M A LR,
ERR AR WM A BB %) [R] 7 Ae — G AL 53 1), 1 ELAS AL I SR R R AE A 3 - S b B 2 1 A HIL
U5, R A LTI W] LAEAT 78 0 MMz | DT A1 75 388 0 5 v i i 1 1 S 22, R b X A ALY
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T 0—400 cm )2 AP & P K R M B BE75100 0. 16 ¢/ (kg-a) 18 320 kg/ (hm™a) ;1
JRE S B 0—400 em 12 H A HLTF X3 K3 R A A5 51 0.99 ¢/ (kg-a) F151 480 kg/ (hm™a)
FH RS MR RIS )RR AT AL TS AR D | RIS R A AR RSB T, DI I T A BLJE A 0
i, 32 MU & B g, P R A A — 8 Sk A LB B AR, 2 B R AR Rk
FRAE B 5200 A [ b DX AN [ 2B IS A9 T A0k 3R HILB A R 17 AN AR ]

e
< 10 ¢
e 9 0 2/3a & 6a o 10a
=
o]
[
Qo 7 a b fari: T b
g 6 .
fe)) R RN L LA PR
‘6 5 St | a ks
s RRARLRLE LA
§ 4 - e I

Guyuan Haiyuan

B4 THEAREKERERFEEM0—400 com TEHEFNREEFHE]RE
Fig.4 Comparison of average contents of soil organic matter in 0—400 cm soil layers at different growth age alfalfa grasslands in

southern Ningxia

2.3 +HIESEET
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Fig.5 Comparison of soil total nitrogen contents in 0—400 cm soil layers at different growth age alfalfa grasslands in southern Ningxia
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Fig.6 Comparison of average contents of soil total nitrogen in 0—400 cm soil layers at different growth age alfalfa grasslands in

southern Ningxia

FEAR R A AT BR s B 0—400 em )2 R HIES R & & P E &S TRIE(E 6) . 2 Ml -4
SREEYLI10 a FibEE,6 a FHI AR SRS 2 a3 a L, FJH 0—400 cm 12 4 58 4 (& 11
A ZFE 390 0. 01 o/ (kg-a) F1520 kg/ (hm*a) , )5 0—400 em + )2 AR & 8 F /b 3 &
FIEAER 39 0.01 g/ (kg-a) F1520 kg/(hm™a) ;10 a B 15 5 6 a FHUA L, [ IS 15 53 0—400 cm
12 IO K R A AR 0.01 o/ (kg-a) F1 520 ke/ (hm*a) , #E )5 0—400 cm )2 HIEA X
SR R B AR S N 0.04 o/ (kg-a) F12 080 kg/(hm™a) . 2 M S HIEA R & S5 H YRS HHE
A AR AT BRI 0 728 AR A A TR TR i A A A R v [ R0V FH A 1) SRR R A5 SR VR 2B 1 T
T, TIHEAR A S A M R R AR A R R, B AVE R AR A e A A K T | B4 R
T R R AT RME Bl IR R S AW, A OIS TP AR TE RN M
FRAELL IR B AN AR HIE , B LA & I nkE

O30T 2 AN EUSE TE B 0—400 em 2 HEEAPUR MR SR ZEINCHR, ZFBIHR R Y=0.010+
0.42 X (Y REAGE, X HAPLBE &) HHCREN 0.946 ", HIHEAFAY 90% LA b2 LA HLSAFE
AT AT LT A Sh s SR S B e AU A R R AR AR, T 4 AU AR AL Rl S e AT HLR A AR AR, AT
BN N A  <E T
2.4 HIERSRASE

)55 2 16,10 a B 15 HLHE 0—400 em + )2 T IFE60% A & LIl 0. 68—51. 64 mg/kg, H& & fifi + )22
TS PR (7). 7E0—400 cm +)2,2.6.10 a & 15 5 b 300 2 & B P HE 2500 12. 46 9. 32
FI11.06 mg/kg, 2 KARPRBLH ) 2% F W3 . 76 0—200 cm 1J2,2.6.10 a F s B 3 A S =400 N
14.40 .13.09 F114.09 mg/kg,3 IS B[] 25 57 1§ 3% ; 7F 200—400 cm 1), 3 2800 M 4 B0 A 07 & 00 3l
8.58 .1.89 Fl14.98 mg/kg,3 JSHiHh ] 25 5F 1 5

M 3.6 .10 a 75 50 - S0 U & i AR AL IE LM 1. 20—52. 47 mg/kg, IBE )2 IR (E 7).
TE0—400 cm 12,3 .6 .10 a B 75 501 4 i 05 1 X (E 20 510 16,62 .10.93 F115.89 mg/kg,6 a 52
10 a Z5B#,2a510 a ZRARE MEEKFRGER, 2 HEBHASEEEH S m" 2
. 0—200 em F1200—400 cm +JZ I AR R A2 (LR 3

FEARTR] A AR BR 78 50 0—400 em 2, W J5 4 SEm i 4 o i (8 v T 11, FLRE S B 45 5 A K
AERRAEL 2 AN H I A S B BRI S AR LSRR (B 8) . 6 a F7E H b + LR AR L 7 it
52 a3 a FHLAHLL, [ J5E 75 7 b 0—400 em )2 4 S0 207 20800 R AT AE = 43 51 0. 78 mg/
(kg-a) F14.06x107° kg/ (hm™a) , [ )50 X R A 5 2 A & AR LGRS AHF, FifE 5 18 mAg e m +

http ; //www. ecologica. cn



13 4 fEddh A TR T R R R K 5 R AR 3645

Available nitrogen/(mg/kg)
0 10 20 30 40 50 60 0 0 10 20 30 40 50 60

50

100

150

Soil depth/cm

200 "‘
250
300

350

400 ¥

7 TEAREKEREEEM 0400 com TETERMBASETNESMILR

Fig.7 Comparison of soil available nitrogen contents in 0—400 cm soil layers at different growth age alfalfa grasslands in southern Ningxia
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Fig.8 Comparison of average contents of soil available nitrogen in 0—400 cm soil layers at different growth age alfalfa grasslands in

southern Ningxia
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