55 38 B4 6 M FE X RS R Vol.38 No.6
2020 4 11 H Agricultural Research in the Arid Areas Nov. 2020

X EHS :1000-7601(2020) 06-0141-11 doi: 10.7606/].issn.1000-7601.2020.06.20

tEGH | BEEESEEPTRE
STWEERTTE
RN, BRI # K B
Btk EFE L KR FRE K

(1AW TFREFAR B B AT 832003 ;2. 4190 T KEF SR 24 Be | Fris 17T 832003)

W OE.hHREAN | ST EMA IR RABERZAQ AN B, H3a b HHEMT a R EE,
B 1E 4T 0~60 cm + 2 R K % & (RLD) \FHMREZ (ARD) Frzi R I AR K (FSRL) #AT 7 47l 2, &R %
(1) EEH# S BN RLDARD fn FSRL A L P K FEE F A FEREZ R, SEFEEEML, HEE
& 0~60 cm +3E F 45 RLD 187 54%,20~60 cm + 3% 65 ARD K157 18.8%,0~60 cm 4+ 3% F 6§ FSRL & & 7
14.5%, 53RN, EEHH 0~20 cm 3+ 6 RLD #m 7 21.6%,0~60 cm £ 3% & th ARD #1 FSRL 4+ 5] &
KT 14.5%48 6.72%, (2) X Z|# e FHEHE RLDTH, 4 ATHER RID&KA,6 A TaAM8 ATHER
RLD & % T (P<0.05) , EEHBEZ A X F MY Mtk BEEE A, RLD kA 4 A THREEE>4 A THHEE
E>6 A THEEGEES A THAEEE>8 A THRIEEE>8 A THRIEYHE, YHEE—FXE 3K, 0EY
& FE B KON & FSRL 2t I A ] 1F & 75 A9 08 (A b3t b2 L 1F 7% 12.3%~21.82%, [ 1E## FSRL &£ 6 A R4 8
A TA & EHI— Kl B S S 2.8%~16.7%, (3) BEANAEKFAEEEFELEERDT
43.8%, W HE LS E W (LER=1.42) , HAXFr M ER R L BERE T 2%0 4~ 1, (4B ELITE
MRD 5EETEFELRFEMX REHFEFTESENXABE XA TS RLD, &% Lk MEXEE >
AR Z B RLD ARD FF| , E{2 3 7 7% FSRL Wik m 5 MM R R o fn X & . At 54k, BE R A48 & %R A A
BEMFGFRESZFRENES .,

KR M| BEMEADH R, T HL B, AN E, FE4RE

hEY#S.954,919;9344.2 XEKARERG:A

Distribution characteristics of roots and yield in a poplar | alfalfa
silvopastoral system in northern Xinjiang

DAI Yuanshuai', LU Weihua®, Yang Tao', Liu Tingting', SHEN Lei', TENG Yuanxu',
WANG Xiuyuan', ZHANG Wenlong', LI Luhua', ZHANG Wei'
(1.College of Agronomy, Shihezi University, Shihezi, Xinjiang 832000, China;
2. College of Animal Science and Technology, Shihezi University, Shihezi, Xinjiang 832003, China)

Abstract: In order to investigate the temporal and spatial distribution characteristics of roots in a poplar || al-
falfa, root length density (RLD) , average root diamter (ARD) , and fine specific root length ( FSRL) of 3—year—
old alfalfa and 7—year—old alfalfa in sole and systems were determined. The results showed that: (1) There were
significant differences in RLD, ARD and FSRL between intercropped poplar and alfalfa at corresponding soil depths
in both horizontal and vertical directions. Compared with monocropped alfalfa, the RLD of intercropped alfalfa in 0~
60 cm soil decreased by 54% , ARD in 20~60 cm soil decreased by 18.8%, and FSRL in 0~60 cm soil increased
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by 14.5%. Compared with the monocropped poplar, the RLD in the 0~20 cm soil of intercropped poplar increased
by 21.6%, the ARD and FSRL in the 0~60 c¢m soil decreased by 14.5% and 6.72% , respectively. (2) The harvest
managements significantly reduced (P<0.05) the RLD of alfalfa. The RLD of alfalfa was the largest in late April, and
the RLD of alfalfa in late June and late August was significantly decreased (P<0.05). The effect of harvest manage-
ments on intercropped alfalfa was greater than that of sole-cropped alfalfa. The performance of the RLD was that of
sole-cropped alfalfa in late April > intercropped alfalfa in late April > sole-cropped alfalfa in late June > intercropped
alfalfa in late June > sole-cropped alfalfa in late August > intercropped in late August. Poplars were less affected by
intercropping. Local alfalfa was harvested 3 times a year, and the FSRL would peak after each harvest of intercropped
alfalfa. The peak value of intercropped alfalfa was 12.3% ~21.82% higher than that of the corresponding monocrops.
In early June and late August, the FSRL of intercropped poplar showed a peak, the peak value of intercropped poplar
was 2.8% ~16.7% higher than the corresponding monocropped poplar. (3) The yield of alfalfa from intercropping sys-
tem in the whole growing season decreased by 48.3% compared with that from sole-cropped alfalfa. By calculating the
land equivalent ratio, LER=1.42, it shows that this intercropping mode had more yield advantages than sole cropping.
(4) Correlation analysis showed that RLD was significantly positively correlated with alfalfa hay yield, and the key
factor to increase the yield of intercropping alfalfa hay was to increase RLD. In summary, intercropping was not bene-
ficial to the RLD and ARD of alfalfa yield and root system, but promoted the increase of FSRL of alfalfa and the dis-
tribution and development of poplar root system. Compared with single cropping, intercropping had the potential to

improve the efficiency of resource utilization and the ecological and economic benefits of shelter belt in Xinjiang.

Keywords: poplar | alfalfa; root distribution characteristics; average root diameter; land equivalent ratio; bi-

omass; competitive advantage
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(d) : Intercropped alfalfa in late April; (e): Intercropped alfalfa in late June; (f): Intercropped alfalfa in late August.
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Fig.2  Spatial distribution of sole and intercropped alfalfa

T, H 0~40 em 25535 8 E KV (P<0.05) . 154
B AR ZE,0~40 em £)209 RLD Z#iTHe, H 6
H T AEEE#H RLD>8 A Nl /E## RLD>4 A
THIEER R RLD, SR RLD 281 A AH W] (14 41
B, ME 3, M | B L 0~20 cm )2 EE
i) RLD 78 6 A NI fit 8 A~ A falfE L 5k
W1 25.6% F146.9% ,20~40 em +J2 6 A FA)
18 AT flaAE L AR 53 5l i 14.2%F117.6%
[ VE RN EAZ B B RLD B 2 25 4% A I 25 348 i i i
W

2.2 FEIRER(ARD) 5 FHEHIE

221 $AEFel4EE 75 ARD A 454 (I E TS
A DI SR AR SSUBE (BEERAT 120,150 em F
180 cm) XM || AL TE R G RG D EALE 15 1)
ARD W2 A EAT 00 (181 4) o BAEE A ARD 78
A E BOA )2 2 & T EAE (P<0.05), 7E0
~20 em HJEHHL EFEETER ARD 2T H
TE20~60 cm + 2 Z X FI 0 ARD 3% 30,
TEXEIRTE TS ARD B 3 0504, 250 BiE 6 A
A7 A9 A Bf), HPTE0~20 em 12
W EVEETE R ARD 7E 6 H T RI2E Rk, Ak




56

FOCIMAE LS || E1E G RGP IR AR AR L™

145

FUIRIVE RS 21.23% ;7F 20~40 em )2 B JAIVEE 15
() ARD 7£ 8 H A2 5k, HAE Fu Rl /E 5159.49% 5

TE40~60 cm 25 B ETER ARD 765 HF19 H
ZR B AR HLRIVE S 27.15%F11 29.41%

0 0
5 E
= =]
2 3 o
520 =
-l i
s * ®
g I
H 60 H 60
30 120 150 180 30 120 150 180

60 90
JKF-HURE BE 25 Horizontal sampling distance/cm

60 90
JKF-HURE BE 25 Horizontal sampling distance/cm

0
5 5
E e
2 o
< <
3 3
ki =
il i
H 60 H

120 150

30 60 90
K HURE R 25 Horizontal sampling distance/cm

+ 2 % Soil depth/cm

180 30

120 150

60 90 180
JKF-HURE BE 25 Horizontal sampling distance/cm

+ JZ % % Soil depth/cm

60 90 120 150
KV HURE BE 2 Horizontal sampling distance/cm

180 30

120 150

60 90 180
JK P HURE PE 25 Horizontal sampling distance/cm

TE:(a) 4 AT ARAEGR; (b) :6 AT HHAEGH; (¢) :8 A THHRIEGR; (d) :4 T REEGRH; (e) :6 AT REE

ks (f) .8 A FREEmR,

Note: (a): Sole-cropped poplar in late April; (b): Sole-cropped poplar in late June; (c): Sole-cropped poplar in late August;
(d) : Intercropped poplar in late April; (e) : Intercropped poplar in late June; (f) . Intercropped poplar in late August.

3 BEFNEMEMEHIE RLD ZiE 5%

Fig.3 Spatial distribution of sole and intercropped poplar
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Table 1 Hay yield of alfalfa and stem volume yield of poplar in sole and intercropping systems

BT 5/ (kg - hm™)

b EZEAEB= R/ (m® - hm™?)

A,/ (kg + hm?
g Hay yield of alfalfa Stem volume yield of poplar /(g + )
Harvest [A1/E (A B (R TR e . e
ime Intercroped Intercroped S C LER -
Sole Significance Sole Instercroped  Significance
(net area) (gross area)
PR
A 7060.03 4403.815 3498.825 *
Ist harvest
Sl vhr
B 4880 88 2688.28 2144.45 *
2st harvest
=k 3793.42 1757.92 1398.385 *
3st harvest
A1t Total  15743.47 8850.02 7041.66 * 148.63 143.92 NS 1.42 2.54

TE AUl (6 H LAD) 38 Ui (7 AR AD) =0l (9 A ) /N R T AR R AE 7 BT LER, ¢

# " RINTE P<

0.05 FY/KF-_b BRI B EAT S8 5 0 22 5 5 “ NS” IR AE 0.05 /K- L BRI ] /R BOA 25 PR 22 5

Note: The first harvest (in early June) ,the second harvest (in late July) ,and the third harvest (in early September) ,and the LER was determined

using the gross area of intercropped alfalfa. “ * ” indicates significant difference between the sole and intercropping treatments (P<0.05) ; “NS” indicates

no significant difference (P<0.05).

34.6%., [EEETE 3 YOGk ™ 35 B E LT /e (P
<0.05), WL, [FES BT 5= TR, X ER A
MR TR Z, 5 — 5, [RE R A E B
Wi TR A R AR R TR HoOk 3K
-, X AT RE A 22 B A A B i AR (] X R 5
52 I 5 20 8 X E S AR T IR 2 T
AR R R, RIVEXT AR 32 2R R R Bl B
PERI (P>0.05), 45 REGW | B REN
LER(1.42) KT 1, BLBH X P ] MEBLCAH L SR AE TR
HARH
25 B EMEEBERREABNRSTESENHEXE

S

H 2 MR 3 AT B Y EEE TR e
RLD 2 [H] 52 H 5 35 1F A G OC &, AH G R 85043 5l oy
0.9986F1 0.9901, 7E . [H]/F & & H ARD ;2 FSRL
SE TR0 B R SR B AR R
VR ARSE R B0 51 R 0.4235 F1-0.9099, 8] /E T
K R B 9 K 0.8677 F1-0.8926, ¥t B RLD,
ARD KA R T 54 TR 505w, AR T 5L
Fe 5 ARD FHUH SR A 1IE A JE5E & 1M FSRL 1Y
BR AR TR = 3

B E/EE TS RLD 5 FSRL 22 [A] 5 I 3 7 AH 6
K F MR M -0.9302 F1-0.8204 ;RLD 5
ARD Z[H] S IEAH IR AHOC R B 51 R 0.4700 F11
0.6289; ARD 5 FSRL Z[A] 2 i AH I &R, #HC R AL
I3 -0.6611 F1-0.5504, 45200 BOHLAY ARD
XFRLD 3§45 sk /EH , 1 FSRL 14 3 4 4 bl %5
ARD F1 RLD [, FSRL 8 K 2 H 75 S50 5
G b T E R B,

x2 BIEEBEMRFRERSTESENHEXES T
Table 2 Correlation analysis of root index and

hay yield in sole-cropped alfalfa

EiELY MKHRE PYRERE MRRK TR

Tndex RLD ARD FSRL,  Hay yield
wiEE
RLD
SR AR
e 0.4700 |
AR AR
. ~0.9302%  -0.6611 |
e 0.9986** 04235  -0.9099* 1

Hay yield

o+ FIRTE P<0.05 K FRFMK, * + RIRFE P<0.01 /K
FREFEMK(n=10), FF,
Note: * indicates significant correlation ( P<0.05), * * indicates

significant correlation ( P<0.01,n=10). The same below.

*3 EMEFEBEPRRERSTESSEMHEXES R
Table 3  Correlation analysis of root index and hay

yield in intercropped alfalfa

EiE RKERE PHRER MRLRK TR

Index RLD ARD FSRL Hay yield

R E
RLD

IR AR
ARD

AR EEAR S
FSRL

TR
Hay yield

0.6289 1

-0.8204*  -0.5504 1

0.9901 "  0.8677" -0.8926" 1
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[1E 22 FECR G0N 55 S A P 10 2 B AR T B
[ FEETfE RLD ARD BRS04 & A %R 5a 4+ 1Y
ZiR, EARME T, BRER RS T LM AR R
59, ERIETE oAb T2 3 S BRIEE 5 1Y RLD
ARD ik F 8¥4E, Bayala ™ 238, AL B8 || =552,
P T 3 S5 R e X K SR Y 5 AL TR A,
FE % RLD ARD FEAR, 52 20 58 F0 X &1 1 B2 1) 52
i), 5 % E 78 RLD  ARD 76 A [R] R BE R 23715 & A A
1, 2B E 45 RLD L ARD M 4 H T A) 45—k A1) &
TR BRGSO 5 AR B 15 19 RLD 22 5% iy
K, BN E#R 2 T3 RLD ARD 20 R % 7 20 ~
60 cm 1 JZHXEF RLD  ARD £ H Bl K AH A £
PR BN FEIHT KT BB A E] 2 0 B 15 AR R 47
MAEB =4, SEBNESE RLD  ARD F#K, B
RS B 78 EOR 2 AR AN &3k B JRA K
- TR R X EDE 58 48 B 45 43 A R & 77 A i 4 )
VEFHEHRZ, {HTE 0~20 em T2 M/EETE R
ARD 23 L THa# 3 nT i 22 J2 AR 28 XX 1 s 1
AR B PR TRDAE rf O A B A A AR
RLD 8/, HA R MR & RGBS TR 25
SR B0 T 52 90 45 ) SR A IR VE R G A
BAT/NA RLD #/)N, [ /EH RLD 7E 0~20 cm /)
2B E R T HAERAR, B W AT R R X AR
Rk LA R e B g R des e
ALY TR IX WS TEZE L it 2 000 mm, BT
W KA PR E 3 m LT,
ZHF e, 0 20 HE R A BE BRI R ki
w0 KER A K S (HEWE) FNFRS (HEAE) HP
P FFRIZ X T BE B AR REWAR R 4010
+IEHIT 0~ 60 em H)—FhfiE ke,

HRARTEAS G546 A8 AL 5 1 F B2 R 0 e 4 56 &R
WD), 0 Y HT BT AR AL B T E R FSRL
SRR RIE S LG FRAE I ZESHL, T LUl R AR X
TR M5 T FE R BN AR AR, A 38 I 1S FSRL
PR IR g Y IR R R
T i FSRL & T HVE E A, Ui 5 W 10 52 4 i if
TEE T SR e G 4 s S ERVE R A L
[ VEAZA Y FSRL B, Ui B 5 B 45 M VE 2 i T4
REXT G R IR SRR . e 25 3R I, B Uk X1 )
HRARIE A5 FSRL $4 0, Bk J5 2R N, &
FNNE] FSRL FRRIG M, X2 T E WO G
Hb b33 [ AL 25 B BB IR i RO R AR BB T,
BEE B M L3 1 B AR R A VRIS R AR, AR

AW AT AR TR T A0AR AR LX) E
A EAR T /N B /0 FSRL JFHRIE N, A VE kg 4
AN FSRL 7 £ 3R 2 (0~20 cm) Bl AIHER
BN R, A SO IR 5T & B K AR AR 40 A B
W, T2 FSRL FfAs E] 9 A% B A, S 208 AR
B UESE T X — i, HVER I A AR FSRL 7E
4 A AR 6 AT A sh A8k, R R e T =
JE BT = e, B AR Y AR R —
AR A SIS R R R R AR R4 R
AR AERSE T AR XA A RBR AT -
—AE M & A AE B R K A S T o Pregitzer
ZEDOTGN Sy 4 4 B 2 5 i [ & Burton
AELOT AL EMER (Acer saccharum) BIBFFEFRH .4 H
TR AR 8 AR A B A SRR RS iy o R
RN R 2 B OE A OGS F 5 45 SR T LR
BEAS I 4R I s AR AR IR R 4 SR AR
BRI, I R B I FSRL JF4f s 38 K ;4 A
A RURAS, JEAR AR R 38 S AR
FSRL FFARFEAG; 6 H T A) 48R B 2 8 7, 42 i
T AR K FSRL S R 4R 17t 8 H F A1) 1 4
FURAN £ 38 3R & ik B KA, WA K AR
FE . KR AR S H AR RO, FSRLL gk [
RERBAE, deoh, AT RS BAEm A L,
[ fE FSRL [0 (E 51 &, 3X 1] 5 5 B AR R R 9k &2
RONAR I REAR AR AL, BEARETEEY
A IR I 2 e A K IV E UK IS 23 v AR O B
MEFT . Querne 451 5 36 W it 25 R i %) 184 T A
PIAR R K3k MR VR AR 2 1 52 ) 25 340 37
WIS, 5 A 1 AR P AR o] LAAR SE R AR R A K
RE o AWEFE X B4 FERAE A B AR K S
BrESE T X — 5, RMESGEEN LR AGZE
R, ZARHAH (PF S HERCE) |
L) 5 A B B A ) SR TR VR IR R
BLHE— D W5 RIAE A 4 AR R B BT B, 58 5 A
AP, W] DA — 2D AR R I B 28 Ak S

7E RLD ARD F FSRL 5 & 15 1 50 7= & [ 4 ¢
PEOrHrR & B, RLD A1 ARD 5 15 P2 5 g % 1
FISE,FSRL 5 E 15 T 5= i WA oG, Bl
YERSREE R T A& 76 R X BEIR 1 55 4 07 BR
FlF TRt e, nTae R T HEE N AEKZ
PR P P S I AR VR Y 43 L R ] T AR R
KB R A AR ES B R B AR,
XA ER AR (AU 1 A 8 2 3G 0 FSRL R w5 B 5
G MHTF R IR SRR . RLD  ARD
FIFSRL 2 [] iy AH & P 43 T 2 W1, RLD, ARD 5
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FSRL Z [AIfE7E AR ¢, RLD 5 ARD 22 [l /7 7E iF AH
O, U BH R = 5 A 7 0 OGS E T4 S E 45 1) RLD
I ARD,

AR R S BURAEE T BT R R
KT 43.8%, M it 32 25 BB A &, Bt
WA P AR T B T A R e 4y, s A e 4
h12.54 Mg b X ) — T0UE 5 A LAY e B
VR 76 5 R O™ T 21% ~35% ) Ik Ah, B
EpAIE N/ @ in:p IR N CIE R E R Vi T Eo N
— YN FDX = R B 5 R e K, B RN EN A T
F P 55— RN EAH EUAE 30.7% ~38.9% , [AIfE &
T 77 0 52 N U B R ) Bl PRPE R DA A — IR
RENXT S AE 78 L3R o AL 2% B i R ok, B S
TR R SR TE A R AR K
IR I R EE ORI = N e e 22
55, R RIKE J1, EEK || BE H
5 | A B R B T A R R
R IE 45 R R W R & 5 B0 R ED =, {3 )2
PRI A 72 G0 1 2 5 30 25 B T [R] — - B AN T]
VERIRL RS Z R, SOIRAR T VR (4 [R) st 348 AT A4S 31
PRARA =B (UK SR AR SR ) FibF 24 5 A A
FEEh, T R AR AR R AR B g & BR
PSSR T R A B A S SR el A TR ) 6 T U
R T 15.7% ~36.22% , AXBHHETE |
LER(1.42) KF 1, iR ME & RS0 b —Fp A T
HA PR

4zt 3B

EVEAR R f AR R R A T A S ES IR
BRI THERT RLD 48k, 280 HY B 10 55 4 G R 5 ()
YER 5 B T8 19 FSRL 32 2 [ AR5, B8 T 5
fE B2 AR, IAh, BEAE W3S K A e ]
Vb B 5 4 D SRR B BH I, 58 A6 Y 1 X A% AR
24 W BAEPVER 75 0~20 em 2P E fEE 56 X
SRR RLD ARD 5 /E R AH LU A 1 35 (1
I, JE R TR R T 0 B AE XA AR R
PRy AR R BLRVEEE T A FE 20~
40 cm + )2 FSRL A9 IN, —E BB Lkt 5 T4
SEREX LR S

RLD 5 1& T 5™ i 2 i i 3% 1 A 5¢, FSRL
HHEAE TR a2 B AOHOC, IR & 48 RLD
JEREAR FSRL S22 AR A 7 a1 OG5, X<
MR ZR RLD (FSRL,ARD 7 4 2 tP i 345 LA S
&7 i, S5 AR AR LR 32 2 X E B2 ma ek, R
H|J5HL 2 RLD FSRL  ARD F&AR, 764 W Fil T 45 4%

AEFWIP AR, B N, A
PR TR R, AR i i 2R R R TE B35
Wi, FESCAR A B4 7] I i BE MR 1 i, B I 5 4
[AVEAT B I 225 (L
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