
Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=lpla20

Journal of Plant Nutrition

ISSN: 0190-4167 (Print) 1532-4087 (Online) Journal homepage: https://www.tandfonline.com/loi/lpla20

Effects of Micronutrients on Seed Yield and Yield
Components of Alfalfa

Wen Hua Du , Xin Hui Tian , Zhi Zhong Cao & Alan Humphries

To cite this article: Wen Hua Du , Xin Hui Tian , Zhi Zhong Cao & Alan Humphries (2009) Effects
of Micronutrients on Seed Yield and Yield Components of Alfalfa, Journal of Plant Nutrition,
32:5, 809-820, DOI: 10.1080/01904160902787909

To link to this article:  https://doi.org/10.1080/01904160902787909

Published online: 03 Apr 2009.

Submit your article to this journal 

Article views: 372

View related articles 

Citing articles: 1 View citing articles 

https://www.tandfonline.com/action/journalInformation?journalCode=lpla20
https://www.tandfonline.com/loi/lpla20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/01904160902787909
https://doi.org/10.1080/01904160902787909
https://www.tandfonline.com/action/authorSubmission?journalCode=lpla20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=lpla20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/01904160902787909
https://www.tandfonline.com/doi/mlt/10.1080/01904160902787909
https://www.tandfonline.com/doi/citedby/10.1080/01904160902787909#tabModule
https://www.tandfonline.com/doi/citedby/10.1080/01904160902787909#tabModule


Journal of Plant Nutrition, 32: 809–820, 2009

Copyright © Taylor & Francis Group, LLC

ISSN: 0190-4167 print / 1532-4087 online

DOI: 10.1080/01904160902787909

Effects of Micronutrients on Seed Yield and Yield
Components of Alfalfa

Wen Hua Du,1,2 Xin Hui Tian,1 Zhi Zhong Cao,1 and Alan Humphries3

1College of Grassland Science, Gansu Agricultural University, Lanzhou, China
2State Key Library of Arid Agro-Ecology, Lanzhou University, Lanzhou, China

3South Australian Research and Development Institute, Adelaide, Australia

ABSTRACT

Effects of micronutrients [molybdenum (Mo), boron (B), iron (Fe), zinc (Zn), manganese
(Mn) and copper (Cu)] on seed yield and yield components (seed yield per unit area,
fertile shoots per unit area, number of racemes per shoot, number of pods per raceme,
number of seeds per pod and 1000-seed weight) of alfalfa were investigated in the
northwest region of China, over two seasons (2003–2004) on a torrifluvent soil and a
site of 1720 m altitude. After two years study, it demonstrated that molybdenum and
boron were more critical for alfalfa seed production. Molybdenum increased seed yield
by 27–47%, the number of racemes per shoot by 38–55%, the number of pods per raceme
by 100–133%, the number of seeds per pod by 48–61% and 1000-seed weight by 24%,
and boron increased seed yield by 22–35%, fertile shoots per unit area by 17–35%, the
number of racemes per shoot by 38–64%, the number of pods per raceme by 100%, the
number of seeds per pod by 41–52% and 1000-seed weight by 16%. Iron, manganese,
and copper had any effect on yield components, but they had no effect on seed yield.
Zinc had no positive effect on seed yield and yield components. Among seed yield
components, the number of pods per raceme was the most important factor to determine
alfalfa seed yield. Results from this study will be used to recommend further evaluation
of molybdenum and boron across a number of environments around the world and as a
basis for developing recommendations to the alfalfa seed production industry.

Keywords: alfalfa, boron, copper, influence, iron, manganese, micronutrients, molyb-
denum, seed yield, yield components, zinc
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INTRODUCTION

Micronutrients are essential for normal physiological activity of plants (Bai,
1992) and have the same importance as macronutrients (Razmjoo and Hen-
derlong, 1997). They affect root growth (Mohamed et al., 2005), plant growth
(Baligar and Fageria, 2005), seed germination and yield of plants (Ge et al.,
1999). In groundnut (Glycine Willd.), micronutrients are useful for promoting
growth, increasing the number of pods and elevating productivity (Zhen et al.,
2005). They increased the number of fertile shoots and seed germination of
rice (Oryza sativa L.) (Xiao et al., 2004). Boron (B) increased the number of
bolls per plant, number of bolls per square meter, mean boll weight, lint, and
seed yield of cotton (Dordas, 2006a).

In seed production of legume crops, the widely studied and micronutrients
utilized are mainly molybdenum (Mo), B, manganese (Mn), zinc (Zn), iron (Fe),
and copper (Cu). Wang et al. (1997, 2003), Zhang et al. (2001), and Jia et al.
(2005) reported that B, Mo, Zn, Mn, and Fe increased plant height, the number
of fertile shoots and seed yield of soybean (Glycine max Merr.). Fan et al.
(2003) reported that Zn and B increased seed yield of mung bean (Phaseolus
aureus Roxb.) by 30%. And Bonilla et al. (2004) reported that B increased
seed germination of pea (Pisum sativum). But Nautiyal and Chatterjee (2004)
reported that Mo decreased seed yield and deteriorated the quality of Chickpea
(Cicer arietinum L.).

Studies on micronutrients and alfalfa also showed that micronutrients af-
fected plant height, seed germination and yield of alfalfa. Ge et al. (1999),
Wang et al. (2003) and Liu et al. (2005) reported that B, Zn, and Mo elevated
plant height of alfalfa. Zhao and Hong (1998) reported that 0.05% ammonium
molybdate elevated seed germination rate of alfalfa and Zhang et al. (2005)
reported that low concentration of Zn (80 mg/L) promoted seed germination of
alfalfa and high concentration (600 mg/L) prohibited it. Ge et al. (1999) and
Dordas (2006b) reported that B promoted alfalfa growth, improved seed set
and increased seed yield of alfalfa. But studies also showed that Mo, Zn, Fe,
and B had no influence on alfalfa plant height and seed yield (Liu and Yang,
1993; Guo, 2004). Therefore, the aim of this study was to see if Mo, B, Mn,
Zn, Fe, and Cu have any influence on seed yield of Medicago Sativa cv. ‘Gan-
nong No.3’ under field conditions and to describe in detail how micronutrients
affected seed yield and yield components. Furthermore, the canopy structure
was studied in order to identify the most important yield component which
determined seed yield of alfalfa.

MATERIALS AND METHODS

Soil and Climate

The field experiment was established in Wuwei city of Gansu province, located
in the northwest region of China. The climate of this region is very suitable for
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Micronutrients and Seed Yield of Alfalfa 811

Figure 1. Comparison of rainfall and average temperature in 2003 and 2004.

alfalfa seed production, characterized by a warm summer growing season and
very cold winter. Altitude is 1720 m, the annual rainfall of 160 mm is summer
dominant and the annual average temperature is 7.7◦C (average temperature
of the coldest month is −15.4◦C and warmest month is 29◦C). There is a frost
free period of 156 days, solar radiation is 6000 MJ/m2 and sunshine time is
3051 h. The average rainfall and temperature of growing seasons in 2003 and
2004 was shown in Figure 1.

The soil type is torrifluvent (Shi et al. 2004), a shallow, uniform soil
comprising 66.1% sandy loam, 18.5% clay, and 15.4% silt loam. The soil has
a pH range of 7–8, bulk density of 1.15g/cm3, organic matter content of 2.121
g/kg, total nitrogen (N) of 0.28 g/kg, soluble nitrogen of 0.035 g/kg, and total
phosphorus (P) of 0.612 g/kg. Existing micronutrient levels were 0.31 ppm Mo,
0.4 ppm B, 0.42 ppm Zn, 1.0 ppm Cu, 1.2 ppm Mn, and 0.53 ppm Fe. Of these
analyses only soil B appeared to be a limiting factor according to the published
critical soil B levels (0.5 ppm).

Experimental Design

The experiment was a randomized complete block design with three replicates.
Plot size was 4 × 5m, and row spacing was 80 cm. Medicago Sativa cv. ‘Gan-
nong No. 3’ is a new commercial cultivar and widely grown in the northwest
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region of China. In our experiment, it was sown at 2.5 kg ha−1 and at a depth
of 2–3 cm on April 15, 2003.

Application of Micronutrients Treatments

In each plot, 240 kg phosphorus pentoxide (P2O5) ha−1 and 94 kg N ha−1 were
applied as superphosphate and urea, respectively, and fertilized before sowing in
2003, besides 240 kg P2O5 ha−1 was top dressed at the branching stage in 2004.
Irrigation rate was 900 m3 ha−1 and flooded at the branching stage of alfalfa
in 2003 and 2004. Foliar application of 0.05% ammonium molybdate [(NH4)6

Mo7O24·4H2O, Mo], 0.38% boric acid (H3BO3, B), 0.76% iron sulfate (FeSO4,
Fe), 0.5% zinc sulfate (ZnSO4, Zn), 0.76% manganese sulfate (MnSO4, Mn),
and 0.5% cupric sulfate (CuSO4, Cu) for three times at the flowering stage in
both years. Spraying volume was 750 Liters/ha. Volumes of each micronutrient
were 0.38, 2.85, 5.70, 3.75, 5.70, and 3.75 Liters ha−1, respectively. A control
plot (CK) was included which did not receive any micronutrient.

Measurements of Seed Yield And Yield Components

In 2003 and 2004, at full-flowering stage, 50 cm long row was randomly chosen
as sample in each plot. The number of shoots with racemes were counted and
converted to the number of fertile shoots per square meter. Then in each sample,
the total number of racemes was counted and divided by the number of shoots
to obtain the number of racemes per shoot. At pod setting stage, the total
number of pods was counted and divided by the number of racemes to obtain
the number of pods per raceme. At seed maturity, aboveground biomass was
harvested, sun-dried, threshed and weighed to obtain seed yield. The total
number of seeds was counted and divided by the number of pods to obtain
the number of seeds per pod. To each examined index, the average of three
replicates was the mean value of this index.

Determination of Phenophase, Plant Height, And Seed Germination

In 2003 and 2004, during growing seasons of alfalfa, phenophase was observed.
At seed maturity stage, plant height of each plot was determined. Seed germi-
nation of each treatment was determined according to the method of (Schuab
et al., 2007).
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Statistical Analyses

Analysis of Variance was carried out using the GLM Procedure of SAS (SAS,
1989). Correlation and regression analysis was carried out using SPSS (SPSS,
1984).

RESULTS

Seed Yield

For 2003 and 2004 growing period, Mo increased seed yield by 27–47%,
B increased seed yield by 22–35% (P < 0.05). Seed yields of 2004 were
significantly higher than that of 2003 and treatments that had higher seed
yields in 2003 also had higher yield seed yields in 2004 (Table 1). Correla-
tion analysis showed that seed yields of two years were positively correlated
(P < 0.01, R = 0.938), regression equation was y = −1708.8+11.1281 ×
−0.0116 ×2.

Yield Components

Number of Fertile Shoots Per Square Meter

In two years, B increased the number of fertile shoots per square meter by
17–35%, Cu increased them by 10–29% and Fe increased them by 4–22%
(P < 0.05) (Figure 2).

Table 1
Plant height, seed germination and yield of alfalfa in 2003 and 2004

Plant height
(cm)

Seed
germination (%)

Seed yield
(kg/ha)

Micronutrients 2003 2004 2003 2004 2003 2004

Control 121 124 65.5 60.3 344c 753C

Mo 119 122 65.2 60.3 506a 956A

B 122 124 63.4 56.0 464b 921B

Fe 118 121 68.4 64.0 327c 749C

Zn 120 125 67.3 62.7 350c 800C

Mn 123 126 64.8 58.0 346c 753C

Cu 121 122 64.9 60.1 363c 806C

Within a column means followed by different capital letter are significantly different
at the 0.01 level (P < 0.01), different lowercase letters are significantly different at the
0.05 level (P < 0.05), and same letters are not significantly different (P ≥ 0.05).
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Figure 2. Influence of micronutrients on seed yield components of alfalfa. In each
figure above, values are the average of three replicates, vertical bars represent standard
error and different letters on the same bar means significantly different at the 0.05 level
(P < 0.05).

Number of Racemes Per Shoot

In two years, B increased the number of racemes per shoot by 38–64%, Mo in-
creased them by 38–55%, and Mn increased them by 25% (P < 0.05) (Figure 2).

Number of Pods Per Raceme

In two years, Mo increased the number of pods per raceme by 100–133% and
B increased them by 100% (P < 0.05) (Figure 2).

Number of Seeds Per Pod

Mo increased the number of seeds per pod by 48–61%, B increased them by
41–52% and Fe increased them by 58% (P < 0.05) (Figure 2).

1000-Seed Weight

In two years, Mo increased 1000-seed weight by an average of 24%, B increased
it by 16%, and Fe increased it by 13%.
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Linear Regressions of Seed Yield And Yield Components

Yield components of alfalfa are mainly seed yield per unit area (y), fertile
shoots per unit area (x1), the number of racemes per shoot (x2), the number
of pods per raceme (x3), the number of seeds per pod (x4), and 1000-seed
weight (x5). In our experiment, the number of pods per raceme was positively
correlated with seed yield at the 0.01 level (Table 2).

While doing regression analyses on yield components, all the other vari-
ances were rejected, except for the number of pods per raceme. Coefficients of
this variance and seed yield were showed in Table 3. According to the model 1
in Table 3, the regression equation of seed yield was y = 645.903 + 93.667x3.

Phenophase, Plant Height, and Seed Germination

After two years of experiments, micronutrients had no effects on alfalfa
phenophase. Differential analysis showed that, there were no significant dif-
ferences among micronutrients treatments and years (Table 1). Results also
showed that seed germination of all micronutrients was similar to the control
(Table 1).

DISCUSSION

Influence of Micronutrients on Seed Yield

de Oliveira et al. (1998) reported that fertilizing with Mo increased bean seed
yield by 37%. Dordas (2006b) reported that B application increased seed yield
of alfalfa by an average of 37%. Similar results received from our experiment
and demonstrated that Mo and B increased seed yield of alfalfa by 22–47%.
Besides, our experiment showed that the other micronutrients (Cu, Zn, Mn, and
Fe) had no effect on alfalfa seed yield. But Heitholt et al. (2002; 2003) reported
that seed yield of soybean increased while Cu, Mn, Zn, and Fe applied indi-
vidually. Differences may come from different plant cultivars, soil conditions,
and application doses of Cu, Zn, Mn, and Fe.

Influence of Micronutrients on Seed Yield Components

Our experiment showed that Mo, B, Fe, Zn, Mn, and Cu had different effects
on yield components of alfalfa. Mo increased the number of racemes per shoot
by 38–55%, the number of pods per raceme by 100–133%, the number of
seeds per pod by 48–61%, and 1000-seed weight by 24%. B increased fertile
shoots per unit area by 17–35%, the number of racemes per shoot by 38–64%,
the number of pods per raceme by 100%, the number of seeds per pod by
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Table 3
Coefficients of number of pods per raceme and seed yield of alfalfa

Unstandardized
Coefficients

Standardized
coefficients

Model B
Std.

Error Beta t Sig.

1 Constant number of 645.903 58.346 11.070 0.000
pods per raceme 93.667 14.395 0.946 6.507 0.001

41–52% and 1000-seed weight by 16%. Fe increased fertile shoots per unit
area by 4–22%, the number of seeds per pod by 58%, and 1000-seed weight
by 13%. Mn increased the number of racemes per shoot by 25%. Cu increased
fertile shoots per unit area by 10–29%. And Zn had no positive effect on any
yield components. Similar results had been reported by Ziaeian and Malakouti
(2001), Xiao et al. (2004), and Dordas (2006b), which reported that Fe, Mn,
Zn, and Cu fertilizer significantly increased the number of seeds per spikelet
and 1000-grain weight of wheat, the number of fertile shoots of rice, and the
percent of pods per raceme of alfalfa.

Correlations of Seed Yield and Yield Components

In alfalfa seed production, seed yield were highly correlated with the number
of seeds per pod (Kowithayakorn and Hill, 1982), seed weight per raceme and
the number of seeds per raceme were highly correlated with seed yield per
plant (Bolanos-Aguilar et al., 2001), seed yield per unit area was positively
correlated with the number of seeds per raceme (R = 0.593∗), number of pods
per raceme (R = 0.602∗), and seed weight per raceme (R = 0.685∗∗) (Sengul,
2006). Similar results derived from our experiment and showed that alfalfa
seed yield was significantly correlated with the number of pods per raceme (R
= 0.919∗∗) and the number of racemes per shoot (R = 0.891∗). But Rosellini
et al. (1994) reported that only the number of seeds per pod was significantly
correlated with seed yield of alfalfa.

Influence of Micronutrients on Phenophase, Plant Height,
and Seed Germination

Bonilla et al. (2004) reported that B increased seed germination of pea, Jia et al.
(2005) reported that Zn, Mn, and Fe increased plant height of soybean, and
Dordas (2006b) reported that B improved seed germination and increased seed
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vigor of alfalfa. However, our experiment showed that micronutrients had no
effect on phenophase, plant height, and seed germination of alfalfa. Differences
may come from the less sensitive of ‘Gannong No. 3’ alfalfa to micronutrients.
This inference needs to be proved furthermore.

Better Micronutrients to Increase Alfalfa Seed Yield

In the most parts of the world, alfalfa grown suffered from B deficiency and
role of B could not be replaced by other elements (Victor and Shorrocks, 1997).
And Moore (2005) reported that more critical micronutrient for alfalfa was B
and it was more likely to be deficient under drought conditions. Ge et al. (1999)
also reported that Mo was the most important micronutrient in alfalfa seed
production. Similar results received from our experiment and showed that B
and Mo were more critical micronutrients for alfalfa seed production, which
increased seed yield by increasing fertile shoots per unit area, the number of
racemes per shoot, the number of pods per raceme and the number of seeds
per pod. Further research is recommended to investigate the effect of different
concentrations of B and Mo across a number of environments around the
world as a basis for developing recommendations to the alfalfa seed production
industry.
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