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Study on the Effects of Simulated Acid Rain on Wheat Using the Spectral Reflectance at Canopy and Leaf Level
XUE Zhong—cai, GAO Hui-yuan®, LIU Peng, LIU Jie
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Abstract: Acid rain has been considered as one of the most serious environment problems. The traditional monitor methods are expensive and
time consume. Recently, the spectral reflectance technical has been developed and used to reflect the effects of the environment on plants
rapidly and non—invasively. However, relationship between spectral reflectance and effects of acid rain on wheat is still limited. In this paper
the effects of simulated acid rain(SO7:NO73 =5:1) on the grain yield and physiological characteristics of wheat were studied using spectral
reflectance. The results showed that the simulated acid rain decreased the grain yield due to damaged leaf internal structure and function, de—
creased chlorophyll content and photosynthesis. The grain yield was also reduced by 19.1% in the wheat treated with simulated acid rain of
pH 2. The net photosynthetic rate and the pigment content decreased after flowing at the canopy level but it decreased after filling at the leaf
level. The decrease extent at both canopy and leaf levels was enhanced by the decreasing of pH in the simulated acid rain. In order to make
the best use the spectral reflectance to reflect the effects of the acid rain on wheat, the correlation between the grain yield and the different
vegetation indexes [water index (WI), the modified simple ratio (mSR705), photochemical reflectance index (PRI ), normalized difference
vegetation index (NDVI)] from the spectral reflectance of canopy or leaf level at different development stage was analyzed. The results
showed that a significant correlation was observed between grain yield and NDVI, mNDs and W1 both at canopy and leaf level at the filling
stages. In conclusion, the technique of spectral reflectance can be used to reflect the growth, nutrition condition and grain yield of the wheat
under the influence of acid rain.
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Table 1 The algorithm of vegetation indexes

FHBIFEEL Vegetation index

FHBFE B AT AT Algorithm of vegetation index

13—k FE B FE B Normalized difference vegetation index, NDVI
FeAb A TS B “Photochemical reflectance index, PRI
&L H A AR BT B The modified simple ratio, mSRxs

KA E U Water index, W1

NDVI =(Ry—Reso)/( Reuo+Reso)
PRI =(Rsy—Rs10)/(Rsyi+Rsn)
mSRxs=( Rosy—Russ )/ Rys—Rass)
WI =Rs/ Ron

T Rx HXRL X AL B R S 36

Note: Rx is the spectral reflectance at wavelength x.

R 2 RHBENAEEEFHNEENRS R (%)
Table 2 Effects of simulated acid rain on relative height of
wheat at different stages(%)

Flagging Flowering Filling Harvesting
CK 100.00a 100.00a 100.00a 100.00a
pH5 99.07a 99.10a 99.97a 97.84a
pH3.5 96.86a 100.35a 99.89%a 98.87a
pH2 90.00b 92.89b 91.65b 90.81b

T DU BEAEAR B 5 B2 100% , oAt AL BREG /N2 A bR B4 1o BE 43
BB E 8 RPNV RARR/NE P2 AR A T A
7} pH BRFIALEE Z (B35 BE MR 5, P<5%; HEFRIM/NE FRZ AR
IR pH BRFTAL B Z [ R IK BE RS

Note:The height of the control wheat was taken as 100% , while those
treated with different acid rain were taken as the percentage of the control.
Different letters at the same column indicate significant difference between
simulated acid rain treatments with different pH at the same stage, P<5%;
The same letters at the same column indicate no difference between simu—

lated acid rain treatments with different pH at the same stage.
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Table 3 Effects of simulated acid rain on grain yield and its component of wheat

Qb Treatments  j=& Yield /kg+hm™ TR E 1000-seed weight/g FHRIHL Spike grains number/spike A ZFHEL Spike number/spike - m™
CK 7 817.5+£70 a 49.9+3 a 49.28+8 a 430+12 a
pHS 7 777.7+42 ab 49.4+2 a 49.75+4 a 427+7 a
pH 3.5 7 518.4+70 be 47.5+2 b 48.85+3 a 41114 b
pH2 6 263.4+200 d 441515 ¢ 47.14+7 a 357.5+13 ¢

I F—F AR A R E/NE T8 2 BIFOR AR pH FRFIALEEZ A1k B 5 W25, P<5%; M RIE/NE FREF0R AR pH BRFIALEE Z IR B & 1

E5to

Note: Different small letters at the same column indicate significant difference between simulated acid rain treatments with different pH, P<5%; The same

letters at the same column indicate no difference between simulated acid rain treatments with different pH.
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A,B,C,D and E,F, G, H were the spectral reflectance of the wheat at flagging, flowering, filling and harvesting stages at canopy and leaf level , respectively.
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Figure 1 Effect of different acid rain treatments on spectral reflectance of the wheat at canopy and leaf level at different development stages
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Figure 2 Effect of different acid rain treatments on difference reflectance of the wheat at canopy and leaf level at different development stages
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A,C,E,Gand B,D,F,H were the vegetation indexes of the wheat at canopy and leaf level , respectively.

FG . Flagging stage; FW . Flowering stage; FL: Filling stage; HR : Harvesting stage.
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Figure 3 The change of the vegetation indexes of wheat at canopy and leaf level with different acid rain treatments
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Table 4 Correlation coefficients between grain yield and vegetation

indexes at canopy level at different development stages(n=4)

TR P TS R g
Vegetation index  Flagging Flowering  Filling  Harvesting
NDVI -0.08 0.23 0.87* 0.68
mSRs -0.64 -0.59 0.83* 0.61
PRI -0.85* -0.64 -0.71 -0.79
wi -0.52 0.27 0.96%* 0.79

7 TR PSPrKF-REAR; " FoR PL%K P BEMK,
T
Note: “*” indicates significant difference at 5% level, “**” indicates

significant difference at 1% level. The same below.

®5 FEEFHH R REEEERS=S0EXE(=4)
Table 5 Correlation coefficients between grain yield and vegetation

indexes at leaf level at different development stages(n=4)

TS PR FEE ERE B
Vegetation index  Flagging Flowering  Filling  Harvesting
NDVI -0.81 -0.54 0.44 0.72
mSRs 0.45 -0.45 0.04 0.60
PRI 0.74 0.80 -0.03 0.82*
wi 0.77 0.79 0.83* 0.92%*
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