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Root morphological variation and water use in alfalfa under drought stress
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Abstract: Great challenge in agricultural production is how to harvest more with less water consumption. Improvement of
water use efficiency ( WUE) for plant itself becomes increasingly more important. Root system is essential to uptake water
from soil for plant growth. However, it is still a divergent topic about the regulating mechanism between root morphological
variations and shoots water consumption.

To clarify a relationship between WUE change and root morphological characteristics further under water deficit and
understand the adaptive traits to drought stress of root morphological components, the response of biomass, water dissipation
and root morphology, including root length, root surface-area, root volume, basal diameter of main root to the continual
drought stress conditions were studied in potted one- and two-year old alfalfa (cultivars: Long-Dong and Algonquin). Three
levels of soil moisture including (75 £5)% , (55 +5)% and (35 +5)% of field capacity were controlled with weighing
method. The plants grown in rain-proof shed were irrigated by using tap water. Tests were carried out at branching and
anthesis stages of one- and two-year old alfalfa plants.

The results show that root morphology of alfalfa changed remarkably among plant age, harvest times and cultivars under
water stress. The inhibition of main root elongation and the enhancement of lateral roots and total root elongation were

stimulated by drought stress, demonstrated by enlarged root surface area and increased numbers of lateral roots ( =1 mm) ,
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with thinner main root and declined root biomass. All these root morphological changes, which differ among different
seasons, harvest times or cultivars, increasing in adaptation to drought conditions is limited. On the other hand, the
biomass and water dissipation amounts declined and differed with the change of season, biomass harvesting or cultivar when
subjected to drought stress. Moreover, there was a significant positive correlation between root morphological characteristics
and WUE, which indicated that root weight had largely effected on WUE. Therefore, the increase of WUE under water stress
depended on the root morphology, including total root length, root biomass and root/shoot ratio etc. , and canopy water
consumption. Alfalfa tolerance to drought stress was stronger compared with two-year old plants than one-year old ones, with
the first harvest and the second than third harvest, with Long-Dong than Algonquin. The adaptive changes of root
morphology are the main strategies to endure drought stress in alfalfa. In general, this study explored the adaptive

mechanism to drought and improvement of WUE in alfalfa.

Key Words: drought stress; alfalfa; root morphology; water use
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BRE X, ART B RTX B E T WUE RIBTST S48 Fp 7 IMACH AR B R e 05 T , B ZE S R ADE A R X R
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1 #REFE
1.1 Rk R Ab

TEFHBT/R R & FB 7R B g i bkt . SRR, Z0ER R 29 om , KE 40 em, R HEL
HRR &S, TIRAR  SREA PRS2 BN 0.032% 0. 108% 1 0. 335% , FH 8] FIH5 K & 20. 12% ,
KT+ HIEEKENS.5% , BEFEHELTHHRNT 113 Kg, W IREK 4.4 g HilREF 4.4 g I BEIRE5 17.2 g
FEZEHUIE 200 g, 7B RRIE 55 XM T LIRS G340,

REAE T 2N TER, ) 3 KA . IEF HK (Xt BR, CK) | 5 BE7K 43 il ( Moderate stress, MS)
FIEE B 7K S 3 A B ( Serious stress, SS) , o+ 387K 85 840 9 4 R 7 + 48 FH (@] F5 K B (75 £5)% (55 +
5)% F1(35 £5)% . HALIRBE 8 NER . HREERH LK, FEHERKSFEF R, 25]F 2005 48 10
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> th B T2 8 403 ( moderate stress,MS) > B & T2 38 4 F# (serious stress, MS) (E 1) , HIEEAKS 1 45
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AR ECES 1 ZEAR R AL FE 38K T 45.72% \38. 66% 30. 04% F1 26. 68% .10.05% .19.46% ., HINEFR]FH,

S 1 AES R AR 2 455 1 FEAEMY
3 ARH 1 4448 e R 2 458 3 AN

80 - B Fa /R R <6

|
0
S

60 |-

|
(=
(=}

I
o
(=}

FEMKE Length of main root/cm

40 |

20 -

FEMKE Length of main root/cm
I
S

RO CK Hullia MS  TRREHIA SS
Kb B Treatments

1 FTEBEXEEXEBEETRKENZE
Fig.1 Effect of drought stress on the length of main root in alfalfa
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Fig.2 Effect of drought stress on the length of lateral roots in alfalfa

2.1.3 RALKEMZL

H TR BE 3 A AR B B g i, T R B R AR RE T 2 R AR R E AR R B BRI N - AR K
2a J5 , B A MIBT/R K145 MS \SS MR AR SR BE/ 5% E] CK 9 2.07.1.90 A1 1.51. 1. 17 5 (& 3) . K 1a iy
SIEEAE  HARK A B AR R B KRB Z R AU R OUHRMU/RXE) s RS 2 FEERREKERN

S 1 AES R AR 2 455 1 FEAEMY
3 ARH 1 4448 e R 2 458 3 AN

B AR Pl /R P

HLZ M B The total length of roots/m
HLZ M B The total length of roots/m

%
?
7
7
7
7
7/

1] |

NPk CK o ielig MS  TREHE SS
Kb Treatments

B3 TERENEZEEERRZKENIE
Fig.3 Effect of drought stress on the total length of roots in alfalfa
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HEKEMNHABRKFE 1EM(P<0.01) 4K 1a J5, iR MS 1 SS AR R SR E(U47]35%] CK 9 1.03.1.28
£, IR XI & 43 BIR SN T 1.11.1.23 £, FFp(E], B AR R A K E AL I B FRT/R X4 (P <0.05)
2.2 TEPETRMLETE EAMEE MR E (ERE =1 mm) MR RREHRGAEL

EHEHERARIARAER =1 mm WMNREEEZ BT 28 )G 53250, AR B B8/ (P <
0.01) (K 1) ;[FIEF, K 2a FEEEREMAREE AR RREARKGKIEESEZERTAEK la iy, T ERHE
FEM T REIEE N NF AR 1a 9, R MR BB MAREFERSE 1 £451 KT 9.38%—31.25% Fi
8.01% —40.08% , A= K45 2 4EM4r B K T 16. 98% —70. 37% F1 23.75% —82.83% ; EARMEEAKE 1
ETRET 9.39%—31.76% ,F K2 FENTFRHET 6.97%—21.70% . FH4h, F—HERKFERN, HEE LT BT
FIHERE  MIARELE AR R 2R AR AR R A B N R R IR B K . SR I, TCiB e (T b T 52 i b 38 % 14
T, B A AH e AR F AR AR BE B R FRT/R K 42/ (P <0.05)

®1 TEBEMNEZLEEMNRYE. TRAEMRARBDREZN

Table 1 Effect of drought stress on the number of lateral roots, width of main root and root surface-area in alfalfa

DR KR

il Number of lateral roots j{ﬁ*ﬁ}ﬁ/cm RARMEBY om?
. Width of main root Root surface-area
Treatments (HA=1 mm)
B BT 2R X B AR PR K14 Ble 4 TR X 42

951 AR CK 12zxlc¢ 12+5b  0.30+0.041a 0.30+0.031a 13.47 + 2.94c  10.73 +1.96b
Branching stage of first-year alfalfa MS 19+7b 13+4b  0.31+£0.045a 0.29+0.033a 19.01 + 2.32a  16.45 +2.33a
SS 28%5a 21+4a  0.28+0.034b 0.29+0.054a 16.50+ 1.63b  15.33 £2.45a
9514 CK 32%13b 32+4b  0.62+0.020a 0.63 +0.064a 24.97 + 2.69b  32.40 +2.71¢
Anthesis stage of first-year alfalfa MS 40%9a 35+2b 0.49 +0.016b 0.57 £0.047b 34.98 + 1.46a 42.11 +7.29a
SS 42x10a 41+4a  0.47+0.007b 0.43 +0.013¢c 26.97 + 0.10b  37.34 +6.67b
952 4 1 A CK 42x1b 38+3c¢  0.68+0.110a 0.74 +0.102a 27.79 + 6.75¢  39.26 +8.89¢
Anthesis stage of the first stubble of MS 56z%2a 45+4 b 0.61 +0.103b 0.72 £0.065a 52.91 +11.06a 56.95 +2.04a
second-year alfalfa SS 53+3a 48 +2a  0.56+0.109¢ 0.61 +0.068b 43.06 +11.88b 49.72 +9.90b
552 4E5E 3 AW CK 54zx2¢ 53+6c¢c  0.92+0.042a 0.95+0.009a 39.88 + 0.80c 46.15 +4.22¢
Anthesis stage of the third stubble of MS 72x6a 68 +4 a 0.84 +0.060b 0.88 £0.101b 73.31+ 2.87a  77.31 £6.93a
second-year alfalfa SS 64+3b 62+5b  0.71+0.036c 0.86+0.035b 62.26+ 1.09b 57.11 +3.77b

[R5 A5 AR [ 7 B 2R 22 SR 8.3 (P <0..01)

2.3 TEJhaxd AR E TE AR A Py & AR L i 5
2.3.1 XRREYENZI

mE 4 s, TR S, BRAEK la WBERSEIARESN, A FEAF B AR SRR R xR
> i EEfRE > BEEEMMA (P <0.05) ; HAEKSS 2 FHARRE T FEEE/NTAERKS 1 4£(P <0.01) , [F—4ERRFE
AT B A0 P A AR EE AR U/ o ] B AR AR T R BE /N BT /R X4 (P <0.05) o K 2a BRI /R [X] 4 F0
%< MS i1 SS AR T 4» R% CK A8 FRET 12. 11% .33.36% 1 3. 67% 17. 81% , =K 1a f4r R FRET
9.72% \37.77% F110.51% \24.05% ., LRZERUH, RIEETE TREUE FTIRAEYE N BIFEE FFEMH
AR E 2R
2.3.2 Xt EAEYERZNE

ZETEWHE)E , EEE THES RV B TRE(P <0.01) , IFFl e F2 B 1S 3R 1 FEE S K, IF B R R
P RRERIERE A RS | ENURRTE 2 FaH(R2) . BAERIAE AKS | FiadbE TR &
CK FEAK T 16.32%—55.03% K55 2 4EM H CK FEAE T 17.05% —42.19% , 55— 7T, K5 2 & TER
AHEG, TR BB RS I, HEARE BN REE 3 72 > > 55 1 FEAISE 2 FE(P <0.05) ; jt i [B] W] B A< P4 1 41 T ol
R4, UHAE B a3 T .
2.3.3 SHRE AR

T2 BARFEK T KBS AW E BB EH K T HAR L (R/S) , I H & b8 F2 B 38 in R/S 3
K HBEE A KFERIER,R/S A LRSS , RIET A K 1 1 R/S KFAEKS 2 F89; mFpEIN R/S
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HEZ T3 Dry weight of roots/(g/#%)
|
=
#LZ T8 Dry weight of roots/(g/#%)

1 &4 4 849
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B4 FTEHENEZUEEBEHTEYE(RRATE) M
Fig.4 Effect of drought stress on the dry weight of roots in alfalfa

BHBEAHEZS (B S) . TR RIEE 161 YR G R R Z R T T AR MM, (B RE
A XX A ] B 2 Tt BE I E RS . T RME M RIEE A TR R A T 88, e MAR RAEK ™
A SRR AAR TR SC 2R LAANSE X )R 3K o ORI , X2 S B 7 TR T R 5 A — i BL AL

R2 TEBEMNZLEEN EEWE(THE™E o/4) WFm (P<0.01)

Table 2  Effect of drought stress on hay yield in alfalfa/
i e 1 AR B2 LA 22 A 2R3 2 952 4 R

Cultivars Treatments Total yield of the Yield of the Yield of the Yield of the Total yield of
first year first stubble second stubble third stubble the second year

B %< CK 18.66 +0.60 a 30.42 £0.21 a 19.34 +0.09 a 15.28 £0.19 a 65.04 £3.49 a
MS 14.46 +0.34 b 25.47 +0.58 b 17.20 £0.39 ab 11.22£0.33 b 53.89+4.22 b

SS 8.42+£0.61 ¢ 19.44£1.29 ¢ 14.83 +0.78 b 9.34+0.58 ¢ 43.61 +2.99 ¢
BT IR X1 4 CK 19.41 +0.50 a 43.18 +2.12 a 27.36 £1.05 a 20.56 £0.34 a 91.10+10.89 a
MS 16.24 £0.99 b 36.39+2.30 b 24.33 +0.59 b 14.85+0.21 b 75.57 +2.02 b

SS 8.73+0.34 ¢ 24.69 £2.12 ¢ 17.03 +0.80 ¢ 10.94 £0.91 ¢ 52.67+1.43 ¢

[RIZ A AR ) B 2m 22 AR R .2 (P <0.01)

2.4 TRpmHAXELE KSR R
2.4.1 XPZEBEFEK BRI

T2 e A 38 5 AR TSR AL E TS AR B FEKE (B 6,P <0.01) . [RIET, K5 1 FMFEIER TS 2 4
B AR S 2 ARSI R B ZE S HE /K BT A W B 22 B30 2 32 1 140 3 R 7 o [ A [R) 7K 40 B 2% 14 R B AR
EBFKEBZE/NTRI/RKEK(P<0.01), HER T HEERKS 2 FFKSE TRIEEMHZEAK, HEHER
FEIRYTRBEAR/DNTII/R K 4o BARRIE A K la J5, BRARFPT/R X4 MS H1 SS ZEEFE/K 8437 Lk CK FEIK
T 44.20% F171.43% .30.26% F1 69.65% ;£ 2a J5 , M43 5| b CK FEAK T 32. 36% F1 50. 80% 32. 78% FiI
54.63% . K2 ESH 1 L2 FEMEE 3 AR MS Al SS B FE/K &3 HI% CK TRET 21.29% I
46.90% 17.67% F11 49. 45% .28. 83% 1 57. 25% ; Pl /K [X] 4> 9 W] 43> Bl %% CK F & T 28. 65% #1 53. 37% .
30. 65% F1 57. 75% 37.01% F1 57. 68% .
2.4.2 XPKATFIFEER(WUE) (320

TR IR TR ETE WUE MEBERRE(R3,P<0.05) , HAKSE 1 FREEETE WUE HKX
ZRIE ISR/ NT AR 2 50, Fa, M FKS R T 2a A EEETEAFER WUE #2585 1 3 > 52
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Fig.5 Effect of drought stress on root/shoot ratio in alfalfa
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Fig.6 Effect of drought stress on water dissipation amount by transpiration in alfalfa
*3 TEBBEXEREKDFANE(WUE,g/ks) BIFM (P <0.05)
Table 3 Effect of drought stress on water use efficiency( WUE,g/kg) in alfalfa
i i 2] AR 14 RIS 1 3 BRIEH 2 7 BB 3 # KA 2 4
Cultivars Treatments The first year The first stubble The second stubble  The third stubble The second year
Bt 4% CK 0.99 +0.032b 1.91 £0.013b 1.43 +£0.007¢ 1.22 £0.015¢ 1.55 +0.062c
MS 1.17 £0.032a 2.03 +0.046b 1.74 +0.035b 1.36 +0.037b 1.85 +0.038b
SS 1.24 £0.167a 2.40 £0.052a 2.16 £0.113a 1.75 £0.108a 2.01 £0.145a
BT R X1 4 CK 1.15 +0.030b 2.20 +0.108b 1.61 +0.062c 1.40 +0.023b 1.77 £0.017b
MS 1.27 £0.053ab 2.60 £0.164a 2.06 +0.050b 1.67 £0.022a 2.19 £0.059a
SS 1.38 £0.070a 2.70 £0.231a 2.37 £0.111a 1.76 +0. 146a 2.26 £0.061a

[FIZ0 HH ) B R 22 AR R 8.3 (P <0.01)

> 553 AR WUE RSSIENE 552 #E > 583 > 58 1 . AKE | FRIBARMFI/RX 4, MS F1 SS
#) WUE 43771363 CK f 1.20 F11.27 £5%.1. 10 F1 1. 20 £ ; A58 2 4R 435142 %)) CK B 1. 19 F11.29
£%.1.23 F11.27 £, BEZs MS F1 SS 45 1 # .45 2 FEMES 3 #£ WUE 4334 CK ¥4in T 6.38% 1 25. 84% .,
8.00% #151.73% .10.86% F1 43. 04% ; Fa /R K] 44358 CK 3 Hn T 18.17% F0122. 68% ,28.21% F147.31% .
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19.57% F125.74% . 7 —J7 18, MEK AL B4 T B AR WUE > BRI 4 WUE( AK 5 2 4 SS i) WUE 3
TR FFI/RIXI 4, T MS () WUE 36 ig/NF /R X 4, (B 7= 2 R /N TR /R X 4, P <0.01) , TN, B 75 %t
T E 8 135 N RE T 517K BB 758 TR /R M 42 o
2.4.3 WUE 5 FEEZILEHRR

WZTREHa)E , B ETE WUE MR SIRAESZAE — B NHER(E 7). MRSKEMRE
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