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characteristics of switchgrass in the establishment year
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Abstract: To clarify the relationshiops of water and phosphorus with root growth and morphology could provide the basis
for water and fertilizer management during the grassland construction of switchgrass (Panicum virgatum) in dry region. A
pot experiment was conducted using split-plot design, and the main plot was soil water regimes [high water: 80% FC (field
capacity) and low water: 40% FC], while the subplot was phosphorus (P) treatments (0, 0.05 and 0.1 g P,Os per kg dry soil).
The shoot and root biomass production, and root morphology of switchgrass under different treatments were measured at the
end of the growth period. Results showed that regardless of P application, switchgrass had significantly (P < 0.05) higher

shoot and root biomass, total root length (TRL), root surface area (RSA) and root average diameter, but lower water use
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efficiency and specific root length under high soil water regime than under low soil water regime. Under high soil water
regime, P application significantly increased shoot and root biomass production, and TRL and RSA. Under low soil water
regime, P application significantly increased water use efficiency of switchgrass, and 0.1 g P,O5 per kg dry soil application
significantly promoted TRL, RSA and root growth in 0~ 0.5 mm diameter. All these indicated that under low soil water

conditions, rational P application could improve the root absorptive capacity and drought adaptability of switchgrass in the

establishment year.

Keywords: fine root; root average diameter; specific root length; biomass production; water use efficiency
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Table 1 Analysis of variance for the effects of water and phosphorus on aboveground biomass,
root biomass and water use efficiency of switchgrass

W EAYE AGB  IRAEYERB  MUEL RSR - AMBFKET Ko FHEE WUE
[Al-¥- Factor dr
' F P F P F P F P F P
K73 7KF- Water regime (WR) 1 5285 0.01 35580 <0.001 1842 0.01 160.50 <0.001 141.24 <0.001
fs% 4b 2 Phosphorus treatment (PT) 2 8.87 0.01 5.29 0.02 6.38 0.01 1.59 0.23 10.45 0.01
WR x PT 2 3.39 0.06 3.48 0.06 0.00 1.00 3.23 0.07 1.80 0.20
AGB: aboveground biomass; RB: root biomass; RSR: root to shoot ratio; T: transpiration water; WUE: water use efficiency.
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Figure 1 Aboveground Biomass, root biomass and root/shoot ratio of switchgrass
under different water regime and phosphorus treatments
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FRPROR A — K T REAL B 22 57 3% (P < 0.05), AF/NG FHREZRIRE — BB T K KPR £ 7 B3 (P <0.05). T EIE.
HW: high water, 80% field capacity; LW: low water, 40% field capacity. Py: no phosphorus application, Pjgs: 0.05 g P205-kg’1 dry soil, Py: 0.1 g
P205‘kg’] dry soil. Different uppercase above the columns indicate significant differences among phosphorus treatments under each water regime (P < 0.05),

while different lowercase indicate significant differences between different water regimes under each phosphorus treatment (P < 0.05); similarly for the

following figures.
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Figure 2 Transpiration water and water use efficiency of switchgrass under different water and phosphorus treatments
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Table 2 Total root length (TRL), root surface area (RSA) and root average diameter (RAD) of switchgrass
under different water regime and phosphorus treatments

T BARK TRL/m IR RSA/m’ A T F 4% RAD/mm
Phosphorus treatment = KHW fE/KLW R 7KHW fR7KLW I 7/KHW fl/KLW
Py 272+1.4Ba 19.6+1.2Bb 0.030 + 0.002Ba 0.022 + 0.001Bb 0.37+0.01Aa 0.36+0.01Aa
Py os 36.8+2.7Aa 19.7+1.1Bb 0.043 £ 0.004Aa 0.022 + 0.001Bb 0.37+0.01Aa  0.34+0.01Bb
Py, 40.4+3.6Aa 26.0+1.4Ab 0.045+£0.003Aa  0.027 £ 0.001Ab 0.37+0.01Aa  0.33+£0.01Bb

Bk 80% M A FF KR, 1K 40%H H#EKE. Py: AHiBE, Poos: 0.05gP,05kg”’ T4, Po,: 0.1 gP,05kg” Th. FEFIAREKEFER
AN TE =K G AN R B AL BRI 22 S . 3B (P < 0.05),  [FATANRING FRER IR 7] — B AR BE R ASRIK 43 0] 22 53 1 35 (P < 0.05). R4,

HW: high water, 80% field capacity; LW: low water, 40% field capacity. Py: no phosphorus application, P o5: 0.05 g P205~kg’1 dry soil, Py;: 0.1 g
PZOS'kg’] dry soil. Different capital letters within the same column indicate significant differences among phosphorus treatments under each water regime (P <

0.05), while different lowercase letters within the same row indicate significant differences between different water regimes under each phosphorus

treatments (P < 0.05); similarly for Table 4.
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Table 3 Analysis of variance for the effects of water and phosphorus on root morphological characteristics of switchgrass

EMKTRL  #HEMHMRSA RATVPHEZRAD K SRL HWAHALZEE RTD R SRA
[A¥ Factor  df
’ F P F P F P F P F P F P
K5y IKF
Water regime 1 90.06 <0.001 114.58 <0.001 13.40 0.02 6.88 0.04 0.31 0.61 3.50 0.14
(WR)
T ab 3
Phosphorus 2 9.14 0.01 7.94 0.01 1.32 0.30 0.67 0.53 0.36 0.70 0.26 0.77
treatment (PT)
WR x PT 2 249 0.11 4.08 0.04 3.53 0.06 1.96 0.17 0.796 0.47 0.80 047

TRL: total root length; RSA: root surface area; SRL: specific root length; SRA: specific root area; RAD: root average diameter; RTD: root tissue density.
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Figure 3 Root length and root surface area of different root diameters of switchgrass
under different water regime and phosphorus treatments
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Table 4 Root tissue density (RTD), specific root length (SRL) and specific root area (SRA) of switchgrass
under different water and phosphorus treatments

oAb LA SRL/(m-g ) HRZH2H % % RTD/(mg-cm ) FEARTE AN SRA/(m™g )
Phosphorus treatment =K HW /K LW =K HW k7K LW K HW ik LW
P, 340+2.3Aa  341+08Ba  294.0+19.0Aa 2948+13.0Aa  0.037+0.003Aa 0.038 +0.001Aa
Pgos 33.1+19Aa  359+18ABa 277.8+9.4Aa  288.7+15.6Aa  0.039+0.002Aa 0.040 £ 0.002Aa
Py, 324+24Ab  402+14Aa  308.1+11.9Aa 281.4=+13.5Aa  0.036+0.002Aa 0.042 +0.003Aa

® 5/KHW O filk LW
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4H#R 4 Fine root length/m

y=77.50x—-0.62,R=0.97, P <0.01
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y=28.110x+0.84, R=0.98, P <0.01
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BREK Total root length/m

10 ® HW:y=21.18x+ 14.44, R=0.88, P < 0.01
O LW:y=40.56x—2.37, R=0.84, P < 0.01
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Figure 4 Relationships of root length (y) with root
biomass (x) of switchgrass under different
water and phosphorus treatments
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Fine roots (0~0.5 mm), coarse roots (> 0.5 mm).
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