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Monitoring Growth and Grain Yield of Wheat in Fields with
Different Soil Fertility Levels and Different Fertilizer
Application Using Spectral Reflectance Technique
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Abstract: The changes of spectral reflectance of wheat canopy were studied in different soil fertility
fields using spectral reflectance technique, and the effects of different fertilizer application on the grain
yield, pigment content, water content and the structure of canopy of wheat were analyzed according to
the vegetation indexes derived from the spectral reflectance of wheat canopy. The result showed that
both the variable-rate and traditional fertilizer application increased the grain yield of wheat in the
three different soil fertility fields. However, compared to the traditional fertilizer application, the var-
iable-rate fertilizer application reduced fertilizer amount by 15. 7% .68. 0% and 85. 6% in the three dif-
ferent soil fertility fields, respectively. The growth, water and chlorophyll content of wheat canopy
indicated by the vegetation indexes (NDVI, OSAVI, WI,mSR705 ) were improved by the both varia-
ble-rate and traditional fertilizer application, but there were no differences between the both treat-

ments. A significantly correlation was observed between the vegetation indexes at the jointing or fill-
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ing stage and grain yield of the wheat. In conclusion, like traditional fertilizer application, variable-

rate fertilizer application enhanced grain yield via improving canopy structure, chlorophyll and water

content of canopy as well as growth, but it significantly reduced the cost. It was also demonstrated

that spectral reflectance technology can be effectively used to monitor growth and nutrition status of

wheat.
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Table 1 Nutrient content of soil in different experimental plots
W41k - EERiINGS £ A ATE R K
Soil fertility level Organic matter Total N content Available N Available potassium  Available phosphorus
* Y /(g-kg D /(g-kg D /(mg+ kg™ / (mg - kg™ ") /(mg+ kg™
L 6.63 0.62 64.91 38. 64 67.54
M 10. 27 0. 87 83. 46 40. 24 88. 32
H 12. 46 1.13 95. 34 45. 37 102. 69
L:low;M:moderate; H: high. The same are as in the following.
2 AEAXENERES
Table 2 Quantity of fertilizer supplied at different treatments
Jiti B 1 Quantity of fertilizer /(kg « hm™?) o T
oy K Saving ﬁﬁiﬁiliyer
Soil fertility level Pt AR it A & 5t it HE Saving /% )
Control Variable-rate fertilization Traditional fertilization 0
L 0 252.76 300. 00 15.7
M 0 95.94 300. 00 68.0
H 0 42.94 300. 00 85.7
R3 AMREAVEHBHITELRX
Table 3 The algorithm of vegetation indexes
A4 45 B AT

Vegetation index

Algorithm of vegetation index

UA — A 9 S Lo
Normalized difference vegetation index, NDVI

A = 398 9 4 o A

Optimal soil adjust vegetation index, OSAVI

K46 K e
Water index,WI

16 WL A A WA A

The modified simple ratio vegetation index, mSR7os

NDVT = (Rgoo —Rss0) / (Rsoo T Reso)

OSAVI=(1+0.16) * (Rg10—Reso) / (Rsi0 + Rgso +0. 16)

WI =Ryo0/Rozo

mSR705s = (Rys0 — Raos) / (Ryso +Ryos — 2 % Ruys)

Rae Jg X0 o PR AL 00 2 55 4

Rx is the spectral reflectance at wavelength .
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Table 4 The grain yield of wheat in field

with different fertilizations

i Grain yield Hi 7 7K SF Soil fertility level

. hm—2

/(kg + hm~?2) L M H

X B# Control 6087. 6b 7019. 6b 7164. 8b

75 il A i 2, )

Variable-rate fertilization 6612.8a  7883.3a  7919.6a
.

{2 I 6675.1a  7884.1a  7932.3a

Traditional fertilization

[F 5 Bt J5 R /N FRERR E R B E .
Different letters behind each data in the same line indicate

difference significant at the 0. 05 levels,respectively.
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CK indicates control, VF indicates variable-rate fertilization, TF indicates traditional fertilization. A,C,E and B,D,F are the canopy

spectral reflectance of wheat at different soil ferity with different fertilization at Jointing and Filling stages, respectively.

B 1
Fig. 1

TEEREFHTHIEPNZ2EHNEEEHRERSE

The canopy spectral reflectance of wheat at Jointing and Filling stages with different soil fertility treatments
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Fig. 2 The changes of different vegetation indexes with development of wheat at different fertilization plots

RS FAEALEFHAREREHES~ENHEXRY (n=9)
Table 5 Correlation coefficients between grain yield of wheat and different vegetation indexes (n=9)

S8 PRAEL 7 I JFIEW THE X A
Paraments Flagging Booting Flowering Filling Harvesting
NDVI 0.91** 0.78" 0.70" 0.62 0.45
OSAVI 0.92%* 0.69" 0.66" 0. 39 0.43
WI 0.91** 0.81** 0.77"* 0.43 0.28
mSR705 0.80* " 0.84** 0.66* 0. 46 0.31

PO OG 2 BT B BCdiE R 1 = AR TR B LR TR S AR BB /NI . % 3RoR 0. 05 AKE AN s » « IR 0. 01 /KR FMK.

The correlation was analyzed with data collected from plots with different fertilizations in three different fertility soils. * indicates

correlation significant at 0. 05 level,

/1N 22 19 T J2 D6 6 B R e v o 2 Rt AR AR IR

K%%%mﬁo

2.3 AEAREBFGETEMERELEETHN

T
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* % indicates correlation significant at 0. 01 level .
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